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Articles 


An Opportunity Cost View of Fixed Asset 
Theory and the Overproduction Trap 


Marc A. Johnson and E. C. Pasour, Jr. 


In fixed asset and exit barrier theories, durable asset valuation is based upon acquisition 
prices, yielding downwardly biased rate-of-return estimates and erroneous implications 
that excess resources become trapped in production when product price expectations 
fall. Conventional asset valuation based on opportunity cost shows that excess resource 
applications are incompatible with rational producer behavior. Market failure 
conclusions ої overproduction trap models are shown to be unfounded. A review of 
recently published agricultural economics texts illustrates how use of fixed asset theory 
in the college classroom obscures the concept of choice-influencing cost and the rule of 


resource allocative efficiency. 


Key words: entrepreneurial choice, fixed asset theory, opportunity cost, rate of return. 


Two similar theories of the firm attribute 
"*persistently low rates of return’’ to invested 
capital to an inability of the firms to remove 
“excess resources" from production. Fixed 
asset theory, developed by Johnson and his 
colleagues (Johnson 1958, 1960; Johnson and 
Hardin; Johnson and Quance; Johnson et al.), 
formalized by Edwards, and popularized by 
Hathaway, suggests that fixed resources were 
“trapped” in agriculture resulting in persis- 
tently low returns to resources applied in ag- 
riculture during the quarter century following 
World War II. Caves and Porter present a 
theory of exit barriers arising from applica- 
tions of ""inputs that can become attached to 
the firm and then command persistently low 
earnings because they are durable and specific 
to an activity of the company" (p. 40). 
Fixed asset and exit barrier theories suggest 
that overcommitment of durable resources, 
indicated by persistently low rates of return, is 
an inherent feature of business activity. The 
purposes of this paper are to (a) review the 
conventional theory of resource adjustment to 
show that excess durable resources are in- 
compatible with rational producer behavior 
when resource costs are measured conven- 
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a professor in the Department of Economics and Business at 
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This is Paper No. 6509 of the Journal Series of the North 
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tionally as opportunity costs, (b) demonstrate 
that fixed asset and exit barrier theories yield 
downwardly biased rate-of-return estimates 
having erroneous implications for resource ad- 
justment, (c) demonstrate the inappropriate-. 
ness of using fixed zsset theory to judge en- 
trepreneurial efficiency, and (d) illustrate the 
extent to which fixed asset theory is used in 
current agricultural economics texts. 


Resource Adjustment Theory 

Conventional econcmic theory states tha: a 
profit-maximizing firm, satisfying second- 
order conditions and selling in a competitive 
product market, will apply a quantity of each 
resource і in the production of product j in 
period г just to equate the value of marginal 
product (VMP,,,) ага the marginal factor cost 
(МЕС), i.e.,! 


(1) VMP = MFC. 


Use of a unit of a durable resource entails 
application of the unit for a period of time to 
contribute to the production of value. Antici- 
pated marginal product generated by a durable 
item, as for nondurable items, is the antici- 
pated, incremental output attributable to pro- 


! The conventional analvsis assumes а single-period production 
cycle or, alternatively, thet production and cost conditions facing 
the firm are the same in each period of the production cycle. 
Moreover, if the firm attempts to maximize wealth over time, 
single-period flows do not provide sufficient information tc deter- 
mine output choices for that period (DeAlessi). 
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duction with the item rather than without; this 
output multiplied by expected product price is 
the expected value of marginal product of the 
durable item. 

Economic resource cost is conventionally 
defined as opportunity cost, the value of a 
resource in the best alternative use.? For re- 
source anits not owned by the firm, opportu- 
nity costs are measured as prices for nondura- 
ble items and as operating costs (Cj) plus 
either rental rates or overhead costs for dura- 
ble items. Overhead costs include deprecia- 
tion (anticipated change in the value of the 
asset during the production period АЎ) and 
interest cost, rV, where г is the opportunity 
cost of capital per period and Vx is the value of 
the stock at the beginning of production period 
t. For a non-owned resource unit, У, would be 
evaluated at acquisition price during the first 
production period. For resource units owned 
by the firm, opportunity cost of using a dura- 
ble unit for a period is measured as operating 
cost plus an overhead cost based on either a 
salvage market comparison (AV, + rVi, 
where Vj, is evaluated zt current salvage price) 
or an internal use comparison (the unit's value 
in production of another product within the 
firm less resource switching costs), whichever 
is higher.: Thus, 


(2) MFC x = Cut = AV ist + У. 


Each unit of resource, owned ог not owned, 
has a single-valued, expected opportunity cost 
at the moment of decision making, depending 
upon its position with respect to space, time, 
condition, and ownership. Costs of using dif- 
ferent units may differ by transport, storage, 
conditioning, and transaction costs, respec- 
tively. 

Substituting the definition of МЕС, in equa- 
tion (2) into the resource adjustment rule of 
statement (1) shows that additional units of 
resource i will be applied to enterprise] in time 
t until^ 


(3) VMPi = Сш + AV ш + РУ. 


2 Opportunity costs are based on anticipations. Consequently, 
cost is necessarily a forward-looking ex ante concept (Buchanan 
1969), 

3 Internal use of resource i in anotaer enterprise. k, would affect 
the value of the resource Ve. The internal use value of the marginal 
resource unit applied to enterprise t is 


Vie = Z(VMPy — Corl  ry*t. 

4 An inequality, УМР = МЕС, could result in the event,of a 
discontinuity in the MFC function, e.g., the firm having applied 
the last internally owned unit is required to enter the market for 
additional units which are positioned differently. 


Amer. J. Agr. Econ. 


Subtracting noninterest cost components from. 
each sid2 and dividing by Vy reveals the rate of 
return ол the investment of applying the mar- 
ginal resource unit to enterprise j in time /, 
(4) -— (УМР, — Cy — AV) = r. 
£ 

Application of a capital item to an enterprise 
must yie.d a rate of return equivalent to the 
opportunity cost of capital, r. Stated differ- 
ently, a rational producer would not use input i 
to produce product j if its expected return 
were greater in another use. Consequently, 
rational producer behavior results in expected 
marginal =conomic rates of return to durable 
resources at least equivalent to the producer’s 
opportuni:y rate of return. 

Measurement of asset value, Vi, is critical 
to the conclusions of fixed asset and exit bar- 
rier theories, viz., that resources become 
trapped in production and yield rates of return 
less than the opportunity cost of capital. When 
deciding to adjust levels of resource use, each 
unit of resource will carry its own cost of use 
according to the active opportunity foregone 
for the unit in its existing position with respect 
to space, tine, condition, and ownership. If an 
additional unit must be purchased from the 
market, У; is evaluated at acquisition price. If 
an additioral unit is drawn from a currently 
owned stock, Vi is evaluated either as net 
present value of the unit applied to another 
internal enterprise or as the market salvage 
value. When market acquisition price, for a 
new unit exceeds market salvage price of an 
owned unit. it is quite possible for the ex- 
pected rate of return to a marginal, owned unit 
to equal or exceed the opportunity cost of 
capital while the expected rate of return to a 
marginai, new unit falls below opportunity 
cost of capital. In this situation an owned unit 
would be attracted to enterprise j while a new 
unit would rot. 


Excess Durable Resources 


The following sections present two theories 
which contend that durable resources are eco- 
nomically bound in production, resulting in 
excess resource applications and low returns 
on investmert. In the next section, fixed asset 
theory is surimarized briefly and its implica- 
tion of overproduction and persistently low 
rates of return on investment is shown to be 
erroneous dus to inappropriate measurement 
of resource cost. 
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Fixed Asset Theory 


The theory of asset fixity is distinguished from 
conventional production theory by focusing 

- оп а divergenc2 between acquisition and sal- 
vage prices of “‘identical’’ units of durable re- 
sources. The fixed asset for the single variable 
input case is illustrated in figure 1. (Implica- 
tions are similar for the multiple input case.) 
‘When product price is high (as indicated by 
VMP,), the firm finds it profitable to obtain Oa 
units of X,. According to the theory, if product 
price should fall later so that VMP, is relevant, 
X; becomes a fixed asset because VMP at 
quantity Oa lies between acquisition and sal- 
vage prices. The within-firm opportunity cost 
of the input (shown in fig. 1) is assumed to 
exceed the market opportunity cost, or sal- 
.vage value. However, a fixed asset is defined 
to be one for which the acquisition value ex- 
ceeds the VM? and the VMP exceeds the sal- 
vage value (Johnson et al.). 

A firm with one or more fixed assets implies 
*overcommitment'' of resources in the sense 
that the VMP for each of the fixed assets is 
less than its acquisition price. Because the 
VMP of the resource lies between respective 
acquisition and salvage prices, quantities of 
resources applied are fixed and no adjustment 
would be initiated. Producers continue to use 
amounts of inputs purchased earlier when 
higher product prices were anticipated. Thus, 
the conclusicn of fixed asset theory is that 
there is an ‘“‘overproduction trap.” 

The conclusion of fixed asset theory that 
excess resources are ''trapped"' in production 
can be traced directly to selection of acquisi- 
tion prices of resources as a benchmark for 
equilibrium production. But, there is no rea- 
son to expect the opportunity cost of a re- 


$ 





1 
1 
1 М 
: УМР, VMP 
о а x Ixo 


Figure 1. The single-input fixed asset сазе. 
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source once acquired to equal its historical 
acquisition price. The chotce-influencing cost 
associated with the use of any resource is the 
value of the foregone opportunities. For a 
single-product firm, the opportunity cost of 
using a unit of an owned durable resource is 
the market salvage valus. For a multiple- 
product firm, the opporturity cost of an owned 
resource is the value in the best alternative 
use, including external szle. Thus, historical 
costs cannot legitimately te considered oppor- 
tunity costs.5 

When owned assets are valued on the basis 
of opportunity cost, fixed asset theory no 
longer implies that resources are ‘‘trapped’’ in 
agriculture (i.e., that the VMP is less than cost 
for any asset in use). Tbe VMP may be less 
than historical cost but, as stressed above, 
**past costs are lost costs” and are irrelevant 
for current decisions. The concept of trapped 
or excess resources is thus inconsistent with 
rational behavior because the entrepreneur 
would never knowingly use a resource where 
the expected VMP is less than the expected 
opportunity cost.$ 

If overproduction and excess resource ap- 
plications are inconsistent with rational behav- 
ior, what is the basis for the alleged low re- 
turns to durable capital resources? The pre- 
ceding analysis suggests that the fixed asset 
theory conclusion, that the VMP of a fixed 
resource is below resource costs yielding a 
persistently low return, is inherent in the inap- 
propriate measurement of resource cost." A 
difference between accuisition and salvage 
price, as shown by recent work in information 
and search theory, is to be expected for all 
resources and can be directly attributed to re- 
source positioning and transactions costs 
(Akerlof, Stigler). For example, the fact that 
the market value of a trzctor or combine a few 


5 “There is no reason for suppcsing that the price one has paid 
for materials, or a figure derived "rom a calculation based on the 
prices one has paid, will give one the 'opportunity' cost of using 
materials. . . . On the спе hand it gnores the expenses involved in 
reselling materials one has purchased—expenses which may be 
quite considerable; on the other hand it does not take into account 
the value of the materials if used for some other job” (Coase, p. 
113). 

% Where means and ends are assumed given to the decision 
maker, there is no scope for th» entrepreneurial element. In a 
world of imperfect knowledge ard costly information, where the 
entrepreneur is given information on neither ends nor means, es- 
timzting costs and benefits assocated with alternative production 
strategies is a key entrepreneurial function (Kirzner). 

? When opportunity cost is tzken as the magnitude affecting 
entrepreneurial choice, it becomss clear that the decision maker 
would never knowingly sell a product below cost or use resources 
valued below cost, i.e., below the value of opportunities foregone. 
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days after purchase is substantially less than 
the price paid can be explained in terms of 
uncertainty and information costs. The fact 
that the current value is substantially below 
the acquisition price does not imply an over- 
commitment of resources. Furthermore, ac- 
quisition price in fixed asset theory is often 
measured as a historical purchase price. 
whereas salvage price arises from evaluation 
of salvage opportunities at a point later in time 
(Johason 1958, pp. 77—78; 1960, p. 41). Con- 
sequently, the resulting measure of costs ir 
fixed asset theory is upwardly biased relative 
to opportunity costs, yielding downwardly 
biased rates of return on invested capital rela- 
tive to actual returns coraputed on the basis of 
opportunity costs. 

Asset fixity theory also is used to make ex 
post evaluations of entrepreneurial decisions: 
“When a product price falls below prices an- 
ticipated at the time durable investments are 
made, an error of overproduction occurs” 
(Johrson and Quance, pp. 27—28). Here fixed 
asset theory as a resource-adjustment decision 
rule attempts to use accounting records (the 
objective historical record) to evaluate the as- 
tuteness of entrepreneurial decisions. How- 
ever, entrepreneurial choice is concerned with 
expected costs and returns of future produc- 
tion, and the outside observer cannot obtain 
the data relevant to choice. Consequently, 
there may be little or no relationship between 
objectively defined costs and benefits and the 
evaluations that individuals place on alterna- 
tives in actual choice situations (Buchanan 
1969b^. Furthermore, it is not legitimate to use 
ex pcst data to evaluate entrepreneurial 
efficieacy. To conclude that farmers are in- 
efficient because they are not omniscient and 
make mistakes is to say little more than that 
the competitive equilibrium would be different 
if thes? were not facts of life (Demsetz). En- 
trepreneurial activity that is shrouded in un- 
certainty will always appear inefficient if 
judged against the perfect competition norm of 
static equilibrium theory, which implicitly as- 
sumes that there are no information and uncer- 
tainty problems. Thus, the entrepreneurial 
function is inherently subjective and the econ- 
omist has no objective procedure (except for 
the survivor principle) to measure the 
efficiency of entrepreneurial activity. 


* As Coase suggests, ‘ће correctness of the decision cannot be 
determined by subsequent events. If a businessman undertakes to 
do something which entails certain risks, he considers the choice 
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Although one cannot legitimately use de- 
rived equiibrium conditions as a norm against 
which to jadge efficiency, the marginal princi- 
ples 5f production theory are useful to the 
decison maker as a logic of choice. These 
princ: ples can help the entrepreneur think in 
marginal terms and their use may produce 
**bettzr" choices as evaluated by the decision 
make-'s own standards (Buchanan 1969b). 


Exit Farrier Theory 


The exit berrier theory of Caves and Porter is 
similar to fixed asset theory developed by 
Johnson twenty years earlier. Emphasis is 
placec on tae ''limited salvage value’’ of dura- 
ble specific assets. Caves and Porter purport 
to show that excess resources are ‘‘an element 
of market s-ructure and ex ante determinant of 
market corduct and (thereby) performance" 
(p. 391. Exit barriers are alleged to result in 
persistently ‘‘subnormal’’ profits. Exit bar- 
riers ¿rise because resources are ''durably 
committed. . . to an activity of the company" 
(p. 40. Resources become durable because, 
once purchased, their value in use exceeds 
their salvage value. Durable assets include 
not orly traditional, long-lived, specialized 
equipment tut also working capital and intan- 
Bible assets. Partly fabricated goods have a 
low salvage value relative to their value in 
finished form. Intangibles, such as trade- 
marks, have a low salvage value because of 
limited markets. Labor with specific skills has 
a greater vzlue in present use than in other 
uses not requiring the skill. All of these re- 
sources zre considered durable in the sense 
that they are specialized to a particular firm 
and {ће г valae to the firm exceeds the salvage 
value. Durability, then, refers to a difference 
in value asscciated with the positioning of the 
resource ratner than to an inherent physical 
characteristic; thus, a durable asset to Caves 
and Porter is a fixed asset to Johnson. 

Rates of return on durable resources in the 
exit barrier -heory are based on accounting 
data. Cost is taken to be the original (histori- 
cal) purchase price less depreciation. The per- 
ceived exit barrier problem is one of low rates 
of returr to durable assets. But rates of return, 
as in fixed asset theory, are measured in an ex 
20st fasaion 2y comparing value of marginal 
product with original purchase price. Cost as it 


of gain is worth whe гіѕх he runs, and whether ultimately he 
succeeds or fai s has no relevance to this preference” (pp. 104-5). 
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motivates entrepreneurial choice, however, 
always deals with current alternatives. Histor- 
ical cost provides no opportunities for choice. 
A correct measure of rate of return on re- 
sources used in any production process is to 
compare value of marginal product with cur- 
rent opportunity cost. The fact that the re- 
source is ‘‘durable’’ to the firm suggests а 
marginal rate pf return greater than the market 
interest rate. If the resource has a higher ex- 
pected value in a competing use, the resource 
would not remain in its present use. The lim- 
ited salvage value of durable assets, then, does 
not imply that inputs remain in use because of 
exit barriers; instead, the resources remain in 
use because the rate of return in the present 
use represents the most profitable alternative 
for these resources. Again, with appropriate 
opportunity cost measurement of resource 
cost, excess resources are incompatible with 
rational producer behavior. 


*'Excess Resources?! in the Classroom 


Excess resource arguments as a *'convincing"' 
foundation for low returns to capital in agricul- 
ture are prevalent in agricultural economics 
texts. The Czves-Porter exit barrier theory is 
quite recent, and its eventual impact on firm 
theory is urcertain. However, fixed asset 
theory has had an important influence in 
applied agricultural production and policy 
economics. The result is that students are pre- 
sented unclear concepts of cost, investment 
evaluation, and entrepreneurial choice crite- 
ria. A review of several recently published 
agricultural econcmics texts reveals that, in at 
least three introductory agricultural econom- 
ics texts and three agricultural policy texts, 
the notions of asset fixity are used to explain 
low returns to capital and labor resources 
applied to agriculture. 

Fixed asset theory is used in the Goodwin 
and Halcrow (1980) introductory texts to ex- 
plain low returns to durable resources as a 
problem of resource adjustment for the farm 
firm. On pages 312 and 318 of the Goodwin 
text, the difference between acquisition and 
salvage prices is evaluated following a lapse of 
time, and contraction of activity is described 
as '"tortuous and painful because he cannot 
salvage these fixed assets at their full value." 
Halcrow implies that the choice of prices to 
use in investment evaluation and profit mea- 
surement is arbitrary: 
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The net return from the use of a tractor may be below 
a normal rate of return based on the acquisition price, 
P,, but well above the liquidation price, Р,. Many 
farmers who bought tractors and equipment in 1973-- 
1975, for example, when grain prices were high, were | 
able to justify their purchases on the basis of those 
prices. But in the late 1970s when grain prices were 
lower, those farmers were unable to make a normal 
profit, based on P4, although the price of grain was 
well above their close-down level. (Halcrow 1980, 
pp. 214-15) 


These conclusions need not bear normative 
sadness if resource allocation and cost mea- 
surement rules are based on opportunity 
costs. The fact that resources become ''fixed" 
may be interpreted to mean that resources 
continue to be allocated in the activity yielding 
their highest return. Resources are moved 
when there are greater opportunities else- 
where. The fact that resources might have 
been better placed originally is irrelevant from 
the standpoint of current allocative efficiency. 
Stated differently, sunk costs are irrelevant to 
current decisions. Furthermore, mistakes are 
inevitable when operating under real world 
conditions of risk and uncertainty. 

The Doll-Rhodes-West general agricultural 
economics text filters out the best of what 
asset fixity theory has to offer. The theory is 
used only for questions of farm resource ad- 
justment at a moment in time. Acquisition and 
salvage prices are evaluated simultaneously 
and, at any moment, a decision maker 
chooses among three options: to expand, to 
contract, or to continue unchanged. 

Fixed asset theory is used in policy discus- 
sions to explain low levels of agricultural 
prices and irreversible aggregate, agricultural 
supply functions. The policy chapter of the 
Wilcox-Cochrane-Herdt text suggests that re- 
source fixity results from the fact that ‘апа 
and sunk capital cannot be moved’’ (p. 296). 
The authors imply that this is a reason for low 
agricultural prices, without stating that rates 
of return in agriculture, based on current asset 
values, still may be competitive with returns 
on assets of comparable risk. 

The Halcrow (1977) agricultural policy text 
uses asset fixity to explain farm labor immobil- 
ity and subsequent supply inelasticity in ag- 
riculture. Agricultural labor is alleged to be 
fixed in agriculture because these individuals 
do not have opportunities valued as highly as 
the acquisition price necessary to attract new 
workers to agriculture. The logic is not com- 
plete for judging the opportunities of one 
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group against the opportunities of another. 
Doll, Rhodes, and West correctly define labor 
resource fixity as a situation where returns to 
labor in the current activity exceed opportu- 
nity returns, with ro mention of an irrelevant 
acquisition labor price. 

Tweeten's agricultural policy text presents 
asset fixitv as one of three theories to explain 
"why . . . resources (don’t) move out of 
agriculture at a rate sufficient to bring equilib- 
rium returns’’ (р. 178). Tweeten discounts the 
importance of asset fixity to the farm problem 
not by rejecting the theory but by show:ng that 
each resource group involved in agriculture is 
not very durable or has salvage prices only 
slightly below acquisition prices. The irrele- 
vance of acquisition prices in computing the 
rate of return to agr:cultural resources in place 
is not discussed. 

The O'Rourke policy text presents John- 
son-Hathaway assez fixity theory as an expla- 
nation of slow adjustment in agriculture to 
lower prices. However, as suggested above, 
the seemingly slow adjustment to price de- 
creases is more likely a refiection of competi- 
tive returns to resources valued on the basis of 
opportunity costs rather than an indication of 
low returns as suggested by asset fixity theory. 

Use of fixed asset theory in agricultural pol- 
icy discussions can be summarized as imply- 
ing thet the supply function is not reversible 
and independent of the direction and duration 
of changes in product prices (Plaxicc; Vin- 
cent, chap. 7). However, supply analysis 
based on the Marshallian distinction between 
"fixed" and ‘‘variable’’ factors yields a simi- 
lar result, viz., supply curves are more elastic 
the longer the leng:h of run and the supply 
function is not reversible (Becker, pp. 79-83). 
This relation between duration and cost oc- 
curs even in the absence of uncertainty about 
the time period of demand changes. Thus, the 
supply response conclusions drawn from the 
fixed asset model are not unique.? 


Conclusion and Implications 


The theories of asset fixity and exit barriers 
both have been formulated to address the al- 


э “While the conceptual model is useful in categorizing inputs, 
the conclusions drawn from :he model are no different from those 
reached by other agricultural economists. Namely, th» lack of 
profitable alternative uses fcr certain inputs such as family labor 
limits the response of supply to a fall in farm prices, at least in the 
Short run. and especially in periods of general depression’’ (To- 
mek and Robinson, p. 360, 61). 
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leged ргсЫет of persistently low rates of re- 
turn to invested capital. In estimating rates of 
return, both approaches use (historical) acqui- 
sition costs rather than opportunity costs ap- 
plicable at the time when rates of return are 
estimated. Both approaches focus on resource 
allocation where resource values in use have 
fallen telow acquisition prices, but not below 
salvege values, and conclude that these re- 
sources are trapped in their current use while 
yielding a low rate of return. However, the 
relevant rate of return for any asset should be 
based >n the value which motivates entre- 
preneurial choice, the current opportunity cost. 
When :aies of return are evaluated on the 
basis of current opportunity costs, the implica- 
tions are quite different—resources are shown 
to be rationally attracted (retained) in their 
current use rather than being trapped there, 
and ratzs of return are competitive with cur- 
rent altzrnatives. 

A dirference between acquisition and sal- 
vage prices of assets, as shown by the Caves- 
Porter exit barrier theory, is not unique to the 
agricultural sector. In the real world markets, 
information is scarce and costly and salvage 
values Zor assets once acquired are generally 
lower -han acquisition costs. Fixed asset 
theory сап be useful in stressing the role and 
importance of information and transactions 
costs in explaining differences between costs 
of inputs positioned differently in time or 
space. Moreover, the theory can contribute 
toward an understanding of why the supply 
function, whether firm or industry, is not re- 
versible and is more elastic the longer the 
length cf run. However, the appropriate focus 
of fixed asset theory is on the reasons for the 
divergence between acquisition and salvage 
prices rather than on resources being "trapped 
in use.’ The implication of market failure, in 
the sense that resources are misallocated, is 
not war-anted in either theory of excess dura- 
ble rescurces. 

A difference between acquisition and sal- 
vage values does not imply that current asset 
markets are inefficient. While acquisition and 
salvage values are equal in a "'perfect mar- 
ket," it is inappropriate to measure the ef- 
ficiency of resource markets against the per- 
fect market norm which assumes that decision 
makers have perfect knowledge and that posi- 
tioning costs are zero. When measured against 
the perfect market norm, all markets will ap- 
pear to de ‘‘inefficient’’ (Demsetz). If a differ- 
ence be:ween acquisition and salvage value is 
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taken to imply resource fixity, then virtually 
all real world markets are characterized by 
asset fixity. Theories of excess durable re- 
Sources based cn a difference between acqui- 
sition and salvaze values hinder students from 
acquiring a precise concept of choice-influ- 
encing cost and of the rule for resource alloca- 
tive efficiency under real world conditions 
where information and resource positioning 
are costly. 

The entrepreneurial function concerned 
with exploiting profit opportunities has not 
been handled adequately by excess resource 
models or by maximization models generally 
in economics. If one assumes that the decision 
maker has perfect knowledge, then there is no 
scope for entrepreneurial activity. Moreover, 
if it is recognized that the entrepreneur oper- 
ates in an atmosphere of risk and uncertainty, 
it is inappropriate to measure performance 
against a model which assumes away these 
problems. Entrepreneurs inevitably will make 
mistakes from the viewpoint of hindsight or an 
omniscient observer when dealing with the 
uncertain future. 


[Received May 1980; revision accepted 
August 1980.] 
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Price Distortions in Agriculture and Their 
Effects: An International Comparison 


Malcolm D. Bale and Ernst Lutz 


The central thesis of this paper is that agricultural pricing policies pursued by developing 
countries produce effects which are diametrically opposite to those p-oduced by the 
pricing policies of many developed countries, and that the policies of oth are costly in 
terms cf global welfare. In general, the agricultural sector im developirg countries is 
heavily taxed while that in the developed countries receives substantial price protection. 
The effects of agricultural price distortions on output, consumption, trade, and rural 
employ ment are estimated for nine countries. In addition, the effects of price distortions 
on the distribution of income between producers and consumers, on gcvernment revenue 
and foreign exchange, and the net social losses of the policies are calculated. 


Key words: agricultural policies, price distortions, social ccsts, trade mtervention, 


welfare analysis. 


While in some parts of the world agricultural 
policy must deal with the problem cf sur- 
pluses, in other parts of the world—particu- 
larly in developing countries—agricultural 
output is often insufficient to cover basic food 
needs. The reasons are many and varied, rang- 
ing from distribution and production 
techniques to political intervention at vzrious 
levels in the global agricultural complex. 
While the most important reasons for in- 
adequate agricultural output are difficult to as- 
certain, T. W. Schultz, in the first Elmhurst 
Memorial Lecture to the International As- 
sociation of Agricultural Economists, left no 
doubt as to his ranking of the causes. He 
stated that the level of agricultural production 
depends not so much on technical consider- 
ations, but in large measure ‘‘on what govern- 
ments do to agriculture.” (See also Schultz 
1977, 1978.) 

It is well known that governments intervene 
in the agricultural price-setting mechanism in 
many different ways and for assorted reasons. 
For example, export taxes on agricultural 
products provide government revenue and 
help keep domestic prices low; product price 
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supports in developed countries maintain farm 
incomes end lead to surpluses which in turn 
find ther way to developing country markets 
often on concessional terms, further depress- 
ing domsstic farm prices; and agricultural in- 
puts are frequently either taxed or subsidized. 
Yet, the magnitude of the effects of these poli- 
cies on agricultural output, income distribu- 
tion between producers and consumers, 
efficiency, and on rural employment is often 
rot fully appreciated. 

The ways in which governments can inter- 
vene to alter market incentives in agriculture 
can be classified in three ways, based on their 
impact on output (after Schultz 1978). First, 
there are economic policies that are neutral 
with respect to the opportunity cost of agricul- 
tural production. Second, there are those 
were agricultural production is overvalued. 
Aad, finally, there are policies through which 
agricultural production is undervalued. Only a 
few countr'es meet the first classification (they 
are not identified here). Typically, high- 
income dereioped countries fall into the sec- 
ond category. In this study, we examine Ja- 
pan, West Germany, France, and Great Brit- 
ain. countries where levies are placed on 


.вта п imports, where imports of sugar, meat, 


and dairy products are restricted by quotas, 
and where, :n the case of Japan, rice is greatly 
ove-priced relative to world levels. The im- 
meciate corsequences of these policies are 
overproduct.on and underconsumption of ag- 
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ricultural output. The third category typically 
is made up of low income developing nations. 
Here, as examples, we examine the pricing 
policies of Thailand, Egypt, Argentina, and 
Pakistan, where export taxes and price con- 
trols often undervalue agricultural output, re- 
sulting in underproduction. Many of these na- 
tions produce insufficient foodstuffs, and they 
cannot afford to forego production oppor- 
tunities. In addition, we consider the case of 
Yugoslavia, classified both as a developing 
country and as a centrally planned economy. 

This paper discusses government interven- 
tion in the determination of agricultural prod- 
uct prices, drawing on welfare theory to quan- 
tify the economic impacts on output, income 
distribution, efficiency, and employment. The 
general theme is that the agricultural policies 
pursued by developing countries produce ef- 
fects which are diametrically opposite to those 
of many developed countries, and that the pol- 
icies of both are costly in terms of global wel- 
fare. (A recent study which addresses the de- 
veloping country side of this question in a 
somewhat diffe-ent manner is Peterson.) The 
paper begins with a description of the theoret- 
ical model on which the analysis is based and 
then continues by detailing the data sources; 
results are presented in the next section, fol- 
lowed by some concluding thoughts. 


Method and Theoretical Basis 


The results of the paper are derived using 
standard partial equilibrium comparative stat- 
ic analysis in the Marshallian economic 
surplus framework. The method is well known 
for both its usefulness and limitations. Details 
on this approach are not presented here, but 
the reader is referred to Currie, Martin, and 
Schmitz for an excellent review of the con- 
cept, to Bale and Greenshields for an applica- 
tion, and to Lutz and Scandizzo for a review 
of other studies.! In this paper, the real and 


! While the method is widely used, it is not without its detrac- 
tors. There is, in fact, a considerable body of literature and an 
ongoing theoretical debate regarding the appropriateness of using 
the underlying utility functions in evaluating welfare gains and 
losses across individuals or countries. The debate centers on 
whether consumers' surplus analysis provides a measure of ben- 
efits and losses in terms of the *'compensating variation’’ and the 
"equivalent variaticn" in the contemporary Hicksian form. 
Bergson clarifies this debate, finally noting that "despite theoreti- 
cal criticism, practitioners have continued to apply surplus analy- 
sis through the yea-s ... that must say something about the 
usefulness of such aralysis'' (p. 43). Willig, in a later article whose 
"purpose is to sette the controversy surrounding consumers' 
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pecuniary effects of agricultural price distor- 
tions are analyzed using nominal protection 
coefficients (NPCs) to measure the disparity 
between domestic output prices and border 
prices. Typical causes of price distortions 
evaluated here are producer price supports, 
tariffs, quotas, export taxes, and overvalued 
exchange rates. Input subsidies for irrigation 
water, fertilizer, and credit are not considered 
because of the difficulty of obtaining cross- 
country data and because of the impossibility, 
in the case of water, of evaluating a ‘‘market’’ 
rate when its costs and lifetime are unknown. 
In each case, the intervention drives a wedge 
between the domestic price and the world or 
“border” price. Domestic prices are defined 
as the prices at farm and consumer levels, 
converted into U.S. dollars, using shadow ex- 
change rates; border prices are the existing 
“world” prices at the same point in the mar- 
keting chain (i.e., the small country assump- 
tion has been used). Border prices are used as 
the point of reference for the evaluation be- 
cause they represent the opportunity cost of 
the traded commodities.?. They are also con- 
veniently available as they are observed in the 
international marketplace. Nominal protection 
coefficients provide a measure of the disparity 
between domestic prices and international 
prices, and are defined as 
Pa v Р Pa 
NPC = 1+ ТР, rB,’ 

where P, is domestic price, P, is border price, 
and r is the equilibrium exchange rate. 

The basic analytic structure of the model is 
represented by equations (1) through (7): 








(1) net social loss in production 


NSL, =; 1/2 (Qu 5 Q) (Р, tus ») 
= 1/2 t n, V, 





surplus and, by so doing, to validate its use as a tool of welfare 
economics," demonstrates theoretically that "consumers surplus 
is usually a very good approximation to the appropriate welfare 
measures” (p. 589). 

? We recognize that the general equilibrium effects of removing 
price distortions on a global basis would alter border prices and 
therefore alter the magnitude of the distorting effects. However, it 
is extremely difficult to estimate ''shadow-free market prices” ina 
first-best world, and we-do not suppose that we will ever be 
operating in a first- or even second-best environment. 

In our analysis there are some cases where the use of the small 
country assumption may have introduced a bias into our results. 
Both for exporting countries and for importing countries our 
method may overestimate the true effects. This may apply to rice 
in Thailand, cotton in Egypt, wheat in Japan and wheat in France. 
When some large countries are being considered simultaneously, 
the effects can be additive or they can cancel each other out. For 
example, while the export taxes of some developing countries may 
increase the world market price the import tariffs of some indus- 
trialized countries may depress it. 
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(2) net social loss in consumption 
NSL, = 1/2 (C, = C) (Pe — P) 
тт 1/2. t? Ha W, 
(3) welfare gain of producers 
G, = Q (P, — Pw) — NSL,, 
(4) welfare gain of consumers 
Ge = C (Py — Р.) – NSL,. 
(5) change in foreign exchange earnings 
dF = -Py (Quo - Q + C — С), 
(6) change in government revenue 
dG = (NSL, + NSL.) — С, — С, 
= —(1) — (2) - (3) - (4), and 
(7) change in rural employment 
dL = dQ L/Q, 
where Q, is production at world prices; Q, 
production at domestic prices; P,, borde- 
prices; P,, price faced by domestic producers; 
P,, price faced by domestic consumers; f, and 


tp, proportion of tariff in domestic pr.ce at the 
consumer (fe) or the producer (tp) evel; ng. 


elasticity of domestic supply; ng, elasticity о> 


domestic demand; V, value of production az 
Pp; W, value of consumption at Р,; Cw, con- 
sumption at world prices; C, consumption ai 
domestic prices; and L/Q, labor/output 
coefficient. 

Because border prices are used as “he basis 
for comparison, the domestic prices used must 
correspond to the same point in the marketing 
chain. In calculating NPCs, farmgate prices in 
developing countries have been adjusted up- 
ward to take into account different transporta- 
tion costs and marketing margins to the central 
market. (For specific details, see country case 
studies referenced.) The prices used may 
therefore be described as wholesale prices. 
For industrial countries, wholesale prices as 
reported were used in the study. 

In measuring the cost of protection, the use 
of equivalent tariff levels—which are neces- 
sary for agricultural products facing many 
nontzriff barriers—means that production and 
consumption effects are measured at the 
wholesale level rather than at the farm and 
retail levels. This may result in the urderesti- 
mation of the welfare costs. For example, 
consider the following demand function: 


(8) Q — a — BP,, where 
(9) Р, = P + f(P), and 
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(10) dP, = dP [14 P(P)], 


where P, is retail price, P is wholesale price, 
and Р) is marketing margin. The measured 
chanze in consumers’ welfare is 


(11) dP (C — 1/2dQ), 


where C is consumption at domestic prices. 
The actual change in consumers' welfare is 


(12) dP, (C — 1/2dQ). 


From equation (10), if f'(P) = 0, that is, if 
the marketing margin is constant, then the 
welfare estimate is unaffected by the choice of 
price. If f'(P) > 0, implying that markups in- 
crease as price increases, then the welfare ef- 
fect is understated. The same exercise may be 
performed on the producer's side with the 
same results. Thus, where it can be assumed 
that marketing margins are constant, no bias 
occurs. At a practical level, the use of a 
wholesale price can be justified on several 
grourds. Many products undergo transforma- 
tion into different products between the 
wholesale and retail level. Thus, a single retail 
price does not exist for the product. This may 
be trve for wheat, barley, maize, and beef in 
many countries. In some developing coun- 
tries, where grains are used in households, 
wheat is subsidized such that wholesale and 
retail prices are similar. Given these factors, 
we have been forced to compromise the ideal 
and to use what is available. 


Data Sources 


The base year cf the analysis is calendar 1976. 
The FAO Production Yearbook was used as a 
source for production levels; imports and ex- 
ports were obtained from the FAO Trade 
Yearbzok. Given the unavailability of data for 
consumption and stocks, particularly for de- 
velopmg countries, consumption was derived 
from production and trade data, assuming the 
levels of stocks remained unchanged. Supply 
and cemand elasticities were taken from 
Rojko et al. In all cases they are long-run, 
genere] equilibrium elasticities, although here 
we suppress the cross-price terms.? Because 
elasticity estimates differ widely from re- 


3 The cross-price terms are small and cannot be used in standard 
welfare enalysis. We use the Rojko elasticity measurements be- 
cause they provide a consistent set of elasticities for the commod- 
ities and zountries used here. Since elasticity estimates can differ 
we һауе used range analysis. . 
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searcher to researcher, and because we 
wished to demonstrate the sensitivity of the 
results to changes in elasticities, the supply 
and demand elasticities presented in table 1 
are +0.5 times the point estimates given by 
Rojko et al. 

Nominal protection coefficients for develop- 
ing countries were derived from detailed coun- 
try case studies by Bertrand (Thailand), Cud- 
dihy (Egypt), Gotsch and Brown (Pakistan), 
Reca (Argentina) and ULG Consultants 
(Yugoslavia). In order to make adjustments 
for currency overvaluation, the nominal pro- 
tection coefficients were multiplied by the fol- 
lowing ratios between the shadow exchange 
rate and the official exchange rate of the dif- 
ferent countries as estimated by the World 
Bank: Argentna, 0.8; Egypt, 0.69; Kenya, 
0.76; Pakistan. 0.91; Portugal, 0.83; Thailand, 
0.88; and Yugoslavia, 0.98. Shadow exchange 
rates for developed countries are not esti- 
mated and are here assumed to be the same as 
market rates. - 

The nominal protection coefficients for de- 
veloped countries were calculated from data 
of the Internztional Wheat Council, Interna- 
tional Sugar Organization, U.S. Department 
of Agriculture (1979), and the World Bank. 
Note that despite the Common Agricultural 
Policy of the European Economic Community 
(EC), NPCs of members are not identical. 
This is due to the Monetary Compensatory 
Amounts” (MCAs) and ''green'' currencies, 
because of waich internal EC exchange rates 
in agriculture differ from official exchange 
rates. 

Labor/Output Coefficients меге con- 
structed from Bartsch, Palacpac, International 
Cotton Advisory Committee, U.S. Depart- 
ment of Agriculture (19782, b), United King- 
dom Ministry of Agriculture, Forestry, and 
Fisheries, and the European Communities 
Commission. In the case of developing coun- 
tries, marginal labor/output coefficients were 
derived from a labor-intensive technology, 
such as hand harvesting with a bullock-drawn 
cart and hand threshing. Average coefficients 
are simply the average of coefficients taken 
from two or three different production tech- 
niques on irrigated and nonirrigated farms. In 
developed countries, only average coefficients 
were available. Marginal coefficients in these 
countries were assumed to be 1.5 times the 
average coefficients.^ The conversion rates of 


*'The assumption that marginal coefficients are 1.5 times the 
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man-hours to full-time worker equivalents, in 
hours per year, are: France, 1,964; Germany, 
2,315; United Kingdom, 2,269; Japan, 2,450; 
Yugoslavia, 2,450; and developing countries, 
2,980. The basic data used in our analysis is 
shown in table 1. 

Our use of a rather simplistic model of rural 
employment, and its change relative to output, 
is based on an input-output view of agricul- 
tural production. This approach was used by 
Thorbecke, where the following equation was 
estimated: 


E, = œ% + e1Q4, 


where E, is employment in agriculture and Q, 
is agricultural output. Such an approach obvi- 
ously produces a constant labor-output 
coefficient, a shortcoming of any linear sys- 
tem, which in turn implies a constant marginal 
physical product of labor. While more sophis- 
ticated models have been developed and esti- 
mated by others (for example, Todaro), we 
have assumed constant input-output coef- 
ficients. 


Results 
We ñrst consider the merchandise effects. 
Production, Consumption, and Trade Effects 


Agricultural pricing policies in developed and 
developing countries are significantly differ- 
ent. While prices for agricultural commodities 
in developed countries generally have positive 
rates of protection, in developing countries 
commodities are often taxed through price in- 
tervention measures. As a result, the levels of 
agricultural production in industrialized na- 
tions are higher than they would be without 
intervention, whereas agricultural output in 
less developed countries is significantly 
smaller than what it would be in the absence of 
distortions. In the high elasticity case, France 
and Germany, for example, are producing an 
increment of 4.3 and 2.8 million tons of wheat, 
respectively, because of price protection, 
whereas in Argentina and Pakistan, produc- 
tion is discouraged, with a resulting estimated 
decrease of 7.0 and 1.3 million tons, respec- 
tively (table 2). 


average coefficient for developed countries is broadly consistent 
with the Hayami and Ruttan estimate of 2.5 for a sample of 
developing and developed countries. Clearly the inclusion of 
highly labor intensive techniques in developing countries makes 
the Hayami and Ruttan estimate higher than ours. 
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On the other hand, the picture is reversed 
with respect t» consumption. Developing 
countries consume more and developed coun- 
tries less than they would in the absence of 
price intervention measures. Thus the priciag 
policies clearly have a beneficial effect in 
terms of providing more food for the nonaz- 
ricultural population in developing countries. 
However, assuming that this result is one of 
the policy objectives of price intervention, it is 
achieved at the expense of the agricultural sec- 
tor. E 

The effects on trade are merely a combina- 
tion of the effects on production and consump- 
tion, since stocks are assumed to be constant. 
In general, we find that the pricing policies 
cause a reduction in the exports of developing 
countries (for exported commodities with 
NPCs smaller than 1) and a lessening of im- 
ports by the industrialized nations (for іт.- 
ported commodities with NPCs larger than 
1). In the case of imports by developing cour- 
tries with NPCs bf less than 1, these imports 
are increased by the sum of the absolute val- 
ues of the effects on production and consumr- 
tion. Such a situation implies government sub- 
sidies, for example, in Egypt for wheat and 
maize. (Parts of the imports may not be sub- 
sidized directly by the government of Egypt 
but may be the result of shipments at conces- 
sionary terms.) On the other hand, export 
commodities with NPCs larger than 1 imply 
that dumping is taking place and that expor: 
subsidies are necessary to bridge the gap be- 
tween the internal price and world marke: 
price. All five commodities analyzed for 
France show the effects of this policy. 

On the basis of a small sample of countries 
it is difficult to determine what the aggregate 
effects of agricultural policies are at the worlc 
market level. Even for a standard case in 
which developing countries are exporters 
using export taxes and where developed coun- 
tries are importers with positive rates of pro- 
tection, the sign of the impact on the world 
market price cannot be determined a priori, 
because both net exports and net imports are 
being reduced at the same time. Hence, it 
would be necessary to analyze the policies of 
all trading countries simultaneously for a par- 
ticular commodity before the world market 
price impact could be estimated. 


Employment/Migration Effects 


The process of economic development typi- 
cally ‘s associated with internal migration from 
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the primary sector in rural areas to industrial 
and service sectors in urban centers. Eco- 
norric theories on internal migration attribute 
this shift as a response to differences in em- 
ployment opportunities between regions. Po- 
tent:al migrants evaluate costs and benefits as- 
sociated with relocation and make their deci- 
sion accordingly. A primary determinant in 
their decision is the relative income oppor- 
tunities in rural versus urban locations 
(Falaris). In spite of (or because of) massive 
development efforts over the last decade, rural 
poverty persists in many parts of the world,’ 
and recent work has demonstrated that low 
real-income levels of farm households have in 
some cases declined (Rajaraman) at the same 
time that various price-support measures are 
mairxaining farm incomes in other parts of the 
world. 

A zcmmon explanation for rural poverty is 
that agricultural productivity is low because of 
tenancy arrangements and limited access to 
modern inputs and techniques such as con- 
trolled irrigation, chemical fertilizers, pes- 
ticides, mechanization, new varieties of crops, 
credi:, and extension services. Such explana- 
tions ignore the effect that product prices have 
on agricultural productivity and, therefore, on 
employment and migration. Here we attempt 
to quantify the extent to which product prices 
that zre undervalued contribute to a subopti- 
mal rural population and the extent to which 
product prices that are overvalued contribute 
to a larger-than-optimal rural population. 

In -able 2 we present four estimates of the 
impact of price distortions on agricultural em- 
ployment. Two are based on average labor/ т; 
output coefficients, using production changes ` 
calculated from high and low supply elasticity 
estimates. The other two are calculated using 
margiaal labor/output coefficients where pro- 
ducticn changes are based on high and low 
supple elasticities. There are three reasons for 
presenting the results in this manner. First, we 
wish io demonstrate the sensitivity of em- 
ployment to changes in assumptions. Second, 
labor coefficients tend to be rather gross esti- 
mates. as they are derived from numerous 
secondary sources that use different assump- 
tions and they typicallv vary by more than 
100% within developing countries according to 
different production techniques for the same 
crop. Our results may be regarded as captur- 


5".,. the most prcmising attack on employment problems in 
developing countries is in efforts to redress the present urban bias 
in develcpment strategies" (Edwards). 


- Bale and Lutz 


ing the upper anc lower bounds of employ- 
ment changes. Third, it can be argued that 
under a regime of distorted prices, marginal 
operators will be displaced or expanded in re- 
sponse to price changes. Thus, marginal 
labor/output coefficients are more appropriate 
for estimating impacts on agricultural em- 
ployment. 

Referring to the developed countries in table 
2, we see that existing agricultural pricing pol- 
icies cause significant numbers of workers to 
remain in agriculture. Japanese rice-pricing 
policies are particularly significant, causing 
from between one-half of a million workers 
(low supply elasticity, average coefficient) to 2 
million workers (Figh supply elasticity, margi- 
nal coefficient) to stay in agriculture. As a 
proportion of farm population, the numbers 
are large (2.1% ta 9.6%); expressed as a pro- 
portion of total population (0.4% to 1.9%), the 
numbers are still significant. In the European 
countries presented here, the number of 
workers retained in agriculture is somewhat 
smaller, both absolutely and relatively. For 
example, in France, if free-market prices were 
to prevail for all five commodities, between 
52,987 and 241,200 workers in an agricultural 
. labor force of 8.6 million would be displaced.$ 
In terms of the total work force, the propor- 
tion is 0.16% to 0.75%. While this percentage 
may seem rather small, it is nonetheless sig- 
nificant. 

In developing countries, agricultural price 
distortions have the effect of reducing farm 
employment from that which would exist 
under free market prices. In general, the abso- 
lute value of the effects on employment is 
larger for developing than for developed coun- 
tries, partly because of the labor-intensive 
production metheds used in developing coun- 
tries. The numbers suggest the extent to which 
price distortions create unemployment and 
stimulate migration. Using the high supply 
elasticity and marginal labor coefficients in 
Egypt, for example, the total reduction in ag- 
ricultural employment for the four commod- 
ities is 1.15 million workers, or around 5% of 
the rural population. Employment in rice pro- 
duction accounts for a large portion of this. No 
doubt the numbers would be considerably 
larger if secondary (multiplier) effects were 
considered and if all commodities were cov- 
ered. р 

Unemployment and rates of rural-to-urban 

6 We do not wish to render the labor estimates useless by 


presenting numbers which have such a large variance, but we do 
want to present realistic upper and lower bounds. 
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migration greater than the rates of urban job 
creation are serious problems in developing 
countries. While overt unemployment is pro- 
nounced in urban centers, disguised unem- 
ployment is prevalent in rural areas (Todaro). 
Thus, any policies that contribute to unem- 
ployment or underemployment, such as ag- 
ricultural pricing policies, need to be exam- 
ined carefully. The conventional lay wisdom 
that if prices for farm products were to be 
increased in developing countries, poor people 
would be hurt, needs to. be scrutinized. Many 
of the poor are rural poor or former rural resi- 
dents who have migrated to urban areas in 
search of better employment opportunities. 
Higher agricultural prices would assist them if 
they were to remain as farmers, landless 
laborers, or farm-related workers. Viewed ina 
longer-run dynamic context, as farmers and 
farm laborers realize higher incomes, their 
demand for urban-produced goods and ser- 
vices will increase, so stimulating employment 
in urban areas.? 


Welfare Effects 


Our results indicate that the economies of the 
countries analyzed incur large annual welfare 
losses due to a misallocation of resources re- 
sulting from the existing agricultural pricing 
policies (table 3). The losses depend linearly 
on assumed elasticities and quadratically on 
the size of the price distortion as measured by 
a proportional tariff rate. Total net social 
losses are the sum of net social losses in pro- 
duction and in consumption. They range from 
U.S. $26 million for the United Kingdom (the : 
low elasticity case) to U.S. $4,119 million for 
Japan (the high elasticity case). Even though 
the sample of commodities used in this analy- 
sis is small, it is interesting to compare the 
estimated welfare losses to the GNP of the 
countries.’ The results show that in compari- 
son with economic output, distortions are 
generally more costly to developing countries 
than to industrialized nations (table 4). Com- 
pared to agricultural gross national product 
(GNP), however, the comparative losses of 
the different countries are somewhat more 
evenly distributed when the importance of the 
agricultural sector in the total economy is 
taken into account. 

The results have been obtained from a par- 

? We are indebted to Willis Peterson for suggesting this point. 

8 By selecting only four or five major agricultural commodities 
here, we clearly underestimate the effects of the price distortions 


in the agricuitural sector. Thus, our figures represent lower 
bounds of the true effects. 


Table 3. Net Social Losses of Price Distortions, 1976 (im °000 US dollars) 





Country 
Commodity 


France 
Wheat 
Maize 
Barley 
Sugar 
Beef 

Total 


Germany, F.R. 
‘Wheat 
Maize 
Barley 
Sugar 
Beef 
Total 


Urited Kingdom 
Wheat 
Maize 
Barley 
Sugar 
Beef 
Total 


Japan 
Wheat 
Barley 
Sugar 
Beef 
Rice 

Total 


Yugoslavia 
Wheat 
Maize 
Beef 

Total 


Argentina 
Wheat 
Rice 
Maize 
Beef 

Total 


Egypt 
Wheat 
Rice 
Maize 
Cotton 

Total 


Pakistan 
Wheat 
Rice 
Maize 
Cotton 

Total 


Thailand 
Rice 
Maize 
Sugar 
Rubber 

Total 


Net Social Loss 
in Production 


Net Social Loss 
in Coasumption 





Net Social Loss 









































Low High Low High Low High 
26,020 79,298 2,986 8,959 29,006 88,258 
5,310 16,244 5.002 15,006 10,313 31,250 
26,854 81,840 £,225 12,676 31,079 94,515 
31,586 95,148 2,079 9,238 34,665 104,386 
24,721 74,163 46,530 121,589 65,251 195,752 
114,491 346,693 55,822 167,468 160,314 514,161 
32,341 98,839 £,355 25,066 40,696 123,905 
1,266 3,948 11,721 35,164 12,988 39,112 
32,147 97,973 €,408 28,223 41,555 126,196 
56,883 171,973 1C,006 30,018 66,889 201,990 
33,405 100,214 61,456 184,369 94,861 284,583 
156,042 472,947 106,946 302,840 256,989 715,786 
3,400 10,272 1,285 3,854 4,685 14,126 
4 11 2,985 8,955 2,988 8,965 
23 71 5 16 29 87 
2,541 7,623 3,961 11,882 6,502 19,506 
4,053 12,158 7,845 23,536 11,898 35,694 
10,021 30,135 16,081 48,243 26,102 78,378 
19,567 58,946 1254 3,763 20,821 62,709 
19,602 59,051 140 420 19,742 59,471 
1,715 5,225 4.789 14,367 6,504 19,592 
7,666 22,998 12,161 36,482 19,827 59,480 
2,035,883 3,644,244 91.237 273,712 2,127,120 3,917,956 
2,084,433 3,790,464 109,581 328,744 2,194,014 4,119,208 
51,836 155,509 21.298 65,670 73,135 221,179 
23,945 71,836 16,106 49,266 40,051 121,102 
354 1,062 578 1,733 931 2,794 
76,135 228,407 37,982 116,669 114,117 345,075 
73,276 219,829 10,307 30,920 83,583 250,749 
361 1,095 96 288 457 1,383 
40,341 122,856 9.560 28,680 49,901 151,536 
35,468 106,403 24327 72,980 59,794 179,383 
149,446 450,183 44-290 132,868 193,735 583,051 
10,997 33,908 38 773 118,601 49,771 152,509 
130,145 390,435 56 739 174,944 186,884 565,380 
6,926 20,777 15 938 49,143 22,864 69,920 
30,403 91,208 35 470 106,409 65,873 197,618 
178,471 536,328 146 920 449,097 325,392 985,427 
6,968 21,723 9.316 27,947 16,283 49,670 
31,966 95,899 25.878 77,635 57,845 173,534 
25 75 43 130 68 205 
45,660 137,536 4 063 12,189 49,723 149,725 
84,619 255,233 39 300 117,901 123,919 373,134 
10,503 33,008 3 926 9,161 14,429 42,169 
6 18 0 1 6 19 
5,363 16,088 3.623 10,868 8,985 26,956 
6,641 20,659 0 100 6,641 20,759 
22,513 69,773 7.549 20,130 30,061 89,903 
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Table 4. Estimated Total Net Social Losses as a Percentage of GNP for Some Countries and for a 


Selected Commodity Sample, 1976 


Social Losses Social Losses 











Agricultural GNP* (% of GNP) (% of Agricultural GNP) 

(as % of GNP) Low High Low High 
France 5 0.05 0.16 1.0 3.2 
Germany 3 0.06 0.19 2.0 6.3 
United Kingdom 3 0.01 0.04 0.3 1.3 
Japan 5 0.43 0.80 &.6 16.0 
Yugoslavia 16 0.34 1.03 2.1 6.4 
Argentina 13 0.48 1.46 3 11.2 
Egypt 28 3.52 10.58 12.6 37.8 
Pakistan 33 1.01 3.04 3.1 9.2 
Thailand 27 0.21 0.62 0.8 2.3 





* World Bank 1979. 


tial equilibrium model and hence capture only 

partial effects. However, it is clear that distor- 

tions of the size discussed here would have 

repercussions in other sectors of the economy 

as well. Thus, a general equilibrium analysis 

would produce estimates of social costs larger 
' than those estimated here. 

As our results in table 5 indicate, the most 
sizeable effects of the different agricultural 
policies are the welfare transfers between con- 
sumers and producers. While the farm sector 
in the developing countries studied was taxed 
from about $700 million to about $2 billion 
annually, the producers in developed coun- 
tries received large transfers due to the protec- 
tionist policies. In Japan, where the average 
rate of protection is the highest, farmers 
gained between $2.6 and $5.1 billion for the 
total of the five major commodities analyzed. 
(See Bale, who estimates the producer gain to 
farmers for these products, except sugar, at 
$5.29 billion in 1875/76.) Consumers in devel- 
oped countries incurred large welfare losses 
because of price protection whereas the con- 
sumers in developing countries generally 
gained from this type of price intervention. 
Relating the magnitudes of the welfare trans- 
fers to the size of the social losses, it is appar- 
ent that the transfers are far more sizeable 
than the deadweight iosses. 

Our results indicate that, with the exception 
of France, governments in all countries re- 
ceived increased revenues from their interven- 
tionist policies. T3ese results are based on the 
implicit assumption that the entire price dis- 
tortion is attributable to taxes (or subsidies). 
In reality, however, quantitative restrictions 
also are used, and unless the quotas are auc- 


tioned, the quota recipient gets the revenue. 
So, in general, our results tend to overestimate 
government revenues. Exceptions are those 
countries that import commodities with NPCs 
of less than one (e.g., wheat in Pakistan), in 
which case our method assumed implicitly 
that the entire distortion is due to government 
subsidies. To the extent that imports at con- 
cessionary terms are involved, our results un- 
derestimate actual government receipts. 

The effects on foreign exchange earnings 
are again clearly divided according to different 
levels of development. While industrialized 
nations gained foreign exchange through pro- 
tectionist policies, developing countries lost 
foreign exchange earnings. This is particularly 
serious in that foreign exchange availabilities 
represent a major bottleneck for developing 
countries in their efforts to increase growth 


‘and alleviate poverty. 


Limitations 


'Two caveats need to be made in order to in- 
sure proper interpretation of our results. First, 
the results are based on only one year—1976. 
Second, in certain cases the quality of the data 
is uncertain and some personal judgments 
were required. Because of the uncertainties 
involved, range analysis was used to ascertain 
the sensitivity of the results to different data 
input. We regard the results as providing or- 
ders of magnitude rather than exact measures. 
As indicated by the range analysis, the qualita- 
tive conclusions are stable with respect to dif- 
ferent elasticity assumptions. Methodological 
questions were addressed in a previous sec- 
tion. 


Table 5. Monetary Effects of Price Distor-ions 1976 (in '000 U.S. Dollars) 


Welfare Gain of 


"Nelfare Gain of 





Change in Foreign 








Producers Consumers Change in Exchange Earnings 
Country Government 
Commodity Low High Low High Revenue Low High 
Frence 
‚ Wheat 574,437 521,159 —292,433 —298,405 —311,011 223,124 678,904 
Maize 258,703 447 ,769 —216,382 —226,387 —52,633 66,533 201,615 
Barley 428,904 373,918 —305,410 —313,861 —154,573 159,379 484,695 
Sugar 269,234 205,672 —20:,030 —207,188 —102,870 198,088 596,491 
Beef 1,138,079 1,088,637 —1,122,896 — - 1,210,955 — 73,433 483,337 1,450,011 
Total 2,669,357 2,437,155 —2,145,151  —2,256,796 | —694,520 1,130,461 3,411,716 
Germany 
Wheat 437,178 370,771 —515,503 —533,214 38,539 166,477 505,734 
Maize 39,774 37,092 —334,569 — 358,012 281,808 45,571 137,236 
Barley 421,099 355,273 — 569,481 — 585,296 103,827 162,961 494,886 
Sugar 551,291 436,202 —585,023 —605,035 —33,157 173,738 524,650 
Beef 1,095,996 1,029,187 — 1,243,775 | —1,371,688 57,918 451,720 1,355,159 
Total 2,545,338 2,228,525 —3,251,351 — 3,453,245 448,935 1,000,467 3,017,665 
United Kingdom 
Wheat 107,516 100,644 — 193,289 —200,859 86,089 62,462 188,350 
Maize 70 63 — 13,434 ~ 145,404 136,376 21,346 64,038 
Barley 10,072 10,024 — 19,692 ~ 10,703 591 5,756 17,368 
Sugar 79,795 74,713 — 285,287 —294,209 199,990 33,343 100,029 
Beef 274,864 266,759 —31%,384 —332,075 29,622 139,976 419,928 
Total 472,317 452,203 —95 .,086 —983,250 452,668 262,883 789,713 
Jaran 
Wheat 56,377 16,998 — 205,837 —209,346 129,639 35,532 106,974 
Barley 52,302 12,853 3.,396 31,116 —103,440 15,360 46,720 
Sugar 59,975 56,464 ` —333,727 —343,305 267,248 36,131 108,846 
Beef 193,663 178,331 —275,645 —299,966 62,155 132,179 396,536 
Rice 4,770,541 2,341,044 —6,085,137 6,267,611 8,611 2,535,894 7,607,682 
Total 5,132,858 2,605,690 —6,869,950 | - 7,089,112 364,213 2,755,096 8,266,758 
Yugoslavia 
Wheat —538,646 —642,319 395,409 351,038 70,103 —317,977 —961,647 
Maize —512,482 —560,372 447,805 414,645 24,625 —276,217 —835,184 
Beef 47,425 46,717 —39,563 —40,718 —8,794 23,287 69,860 
Total —1,003,703 — —1,155,974 805,651 724,965 85,934 . —570,907 — 1,726,971 
Argentina 
Wheat —761,436 —907,989 473,658 453,044 204,196 —363,404 —1,090,212 
Fice —11,750 —12,845 =,087 7,895 3,207 —4,807 —14,561 
Maize —392,695 —475,210 157,440 138,320 185,354 —195,689 —594,259 
Beef —765,091 —836,027 60,213 552,560 104,084 —427,102 —1,281,307 
Total —1,930,972 —2,232,071 1,248,398 1,151,819 496,841 —991,002 —2,980,339 
Egypt 
Wheat — 180,184 —203,095 382,296 302,468 —251,882 —191,425 —586,573 
Еїсе —690,770 —951,060 452,455 334,249 51,431 —575,027 — 1,739,630 
Maize —257,024 —270,875 27 .,834 238,630 —37,675 —95,266 —291,333 
Cotton — 656,883 —717,688 329,977 259,037 261,033 — 199,614 —598,841 
Total —1,784,861 —2,142,718 1,438,562 1,134,384 22,907 1,061,332 —3,216,377 
Pakistan 
Wheat —297,595 —312,350 328,971 302,340 ~ 39,660 — 148,031 —451,544 
Есе —596,952 — 660,884 43 .,504 379,748 107,603 —269,044 —807,133 
Maize —7,864 —7,914 ^,796 7,709 0 —2,252 —6,838 
Cotton — 199,450 —291,327 102,153 100,027 41,575 | —236,776 —712,978 
Total — 1,101,861 —1,272,475 862,424 789,824 109,518 — 895,665 — 1,978,493 
Thailand 
Fice —864,557 —887,062 74 ,019 735,784 109,109 —110,989 —324,376 
Maize 6,146 6,134 —660 —661 —5,492 636 1,907 
Sugar 334,968 324,243 — 128,235 — 133,480 —217,719 27,647 82,942 
Eubber — 148,421 —162,439 8,570 9,471 132,210 —26,041 —81,408 
Total —671,864 — 719,124 625,694 611,114 18,108 —108,747 —320,935 
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Conclusions 


What emerges from this paper is the vital role 
that farm product prices play in achieving op- 
timum output and growth in productivity. Be- 
cause ''incorrect" price signals are being 
given to farmers, full potential in terms of allo- 
cation, production, and consumption is not 
being realized. In many cases, the estimated 
changes in production have greatly altered 
trade patterns, in some cases causing import- 
ing countries to become self-sufficient, in 
other cases causing ‘‘would-be exporters” to 
become importers. Particularly the magnitude 
of income transfers but also that of the 
efficiency losses ‘net social losses) are sig- 
nificant, both as an absolute number and as a 
proportion of national and agricultural in- 
come. The effects of price distortions on rural 
employment, while perhaps less impressive 
than the welfare losses, are nonetheless seri- 
ous, given the high unemployment rates in 
developing countries and the political sensitiv- 
ity of agricultural employment in developed 
countries. Since we have not considered dis- 
tortions in the input markets our analysis may 
overestimate or underestimate the true wel- 
fare effects depending on the nature of the 
input distortion (subsidies or taxes) and 
whether the nominal protection coefficients 
are greater or less than one. 

The ultimate question about agricultural 
pricing policies is their long-term dynamic ef- 
fects. In this paper we have quantified the 
static effects. Our model (and the state of 
technology of our profession) did not allow us 
to estimate accurately the effects on income 
and industrial growth, adoption of technology, 
investment in agriculture, social conse- 
quences, and others. While it is politicians and 
not agricultural economists who make the de- 
cisions for governments, our profession plays 
a vital role in defining and quantifying the is- 
sues involved, and in passing these findings to 
appropriate officials. Our hope is that this 
paper is in keeping with that tradition. 


[Received Augus: 1979; revision accepted 
July 1980.] 
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A Multicommodity 


Analysis of Trade Policy 


Effects: The Case of Nicaraguan 


Agriculture 


Daniel Fajardo, Bruce A. McCarl, and Robert L. Thompson 


Agricultural trade policies for a small country are analyzed, using a simple, 
multicommodity, quadratic programming, agricultural sector model. The policy 
conditions simulated include (а) quantitative trade restrictions given an uncertain world 
market, (b) export taxation, and (c) import subsidies. The multicommadity, 
sectoral-wide coverage permits analysis of the factor-product market linkages and 


enables identification of the distributional consequences. 


Key words: Nicaragua, quadratic programming, sector modeling, trade policy, 


uncertainty. 


Agriculture must play a number of competing 
roles in a developing country. As well as pro- 
ducing food for a growing nonfarm sector, it 
also must play a large role in generation of 
foreign exchange, employment, and gross na- 
tional product (GNP). This can result in a 
number of policy conflicts. On the one hand, 
governments frequently attempt to hold food 
prices artifically low to protect the real income 
position of urban consumers. On the other 
hand, farmers must be provided adequate in- 
centive to produce both domestic food and 
i exportables. Ore area in which conflict does 
arise is trade policy. 

International trade theory suggests that the 
optimum trade policy for a small open econ- 
omy under certainty is free trade. Any distor- 
tion of domestic relative prices away from the 
international terms of trade results in a social 
welfare loss in that country. However, given 
an uncertain and variable world market, the 
welfare benefits gained from trade may be ac- 
companied by less stable domestic markets. 
Many less devəloped countries (LDCs) have 
adopted restrictive trade policies to dampen 
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the effects of world price uncertainty on their 
domestic economies. The demands of the 
LDCs in the current trade discussions for 
world commodity price stabilization (Warley) 
are partly in response to voaatile world prices. 

Most empirical studies af trade policy and 
other costs of protection have been carried out 
in a partial equilibrium framework, one com- 
modity at a time, with all other prices and real 
income held constant. Evea when carried out 
for a number of commodities in the same 
economy, the analyses usaally are done one 
commodity at a time, ignoring the interrela- 
tionships (simultaneities) among the commod- 
ities in both production and consumption (as 
in Bale and Greenshields). Factor market and 
functional income distribution adjustments, 
which often are ignored, zre in reality just as 
often the crux of the argument in trade policy 
considerations. The objec-ive of this paper is 
to present and illustrate the use of a simplified 
model of a small, open economy for obtaining 
approximate estimates of the effects of trade 
and policy distortions. The model encom- 
passes production of multiple commodities 
from multiple factors. A second objective of 
this paper is to examine the effects of trade 
restrictions on domestic market stability. 

To achieve these objec:ives a simple, open, 
fifteen-commodity, quadratic programming 
model of the Nicaraguan agricultural sector is 
constructed. The model iacludes farm produc- 
tion, processing and trading activities, domes- 
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tic demand, labor and land supply, credit, and 
other input use. Three policy simulations are 
carried out with the model, and the effects. on 
а] of these variables are estimated. First, be- 
cause Nicaragua imposes formal and informal 
quantitative restrictions on trade. which cut 
tke link between domestic and world market 
prices, the effects of removing these quctas 
are simulated. Further, because one of the 
objectives of imposing quantitative restric- 
tions is domestic price stabilization, the ım- 
pact of the existing restrictions and their re- 
moval is simula:ed with eight different years of 
world price data. Second, the effects of impos- 
ing an export tax such as was used -o generate 
tax revenue following the 1972 earthquake zre 
simulated. Third, the effects of agricultural 
input subsidies are simulated. The compara- 
tive statics effects on equilibrium quantities 
and prices in both product and factor markets 
and distributional effects are presented. 


Background 


Like many LDCs, Nicaragua is a sraall, open 
economy which derives a large portion of its 
foreign exchange earnings (60%) from agricu.- 
tural exports; yet it does not export a sufficiert 
quantity of any one product to be able to affect 
the world terms cf trade. The agricultural sec- 
tor can be dichotomized into two production 
subsectors: production primarily for domestic 
consumption and production primari.y for ex- 
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pcrt. The two subsectors, however, are quite 
diferent, with the export subsector using 88% 
of the imported agricultural inputs (Warnken) 
and being characterized by larger landhold- 
ings. This segmentation in production has led 
to the formation of separate subsectoral eco- 
nomic policies. 

""he principal crops of the Nicaraguan ag- 
riciltural subsector are export crops—cotton, 
coffee, tobacco, sesame, and sugarcane; and 
domestically consumed crops—rice, corn, 
bezns, and sorghum. Cotton, sugarcane, and 
rice are processed before sale, yielding ginned 
coton and cottenseed, sugar, and milled 
rice. Bananas, although important, will not 
be treated in this analysis because of a lack 
of data. Crop production, acreage, domestic 
price, domestic consumption, export price, 
and export quantity for 1971 are presented in 
table 1. In some cases, these data reveal a gap 
between domestic and export price. Sugar and 
coffee are traded under a system of interna- 
tional quotas. The other crops are exported 
through an informal system of quotas (Cappi 
et aL). 


Metkod 


This analysis is carried out with a multicom- 
тойу agricultural sector model that 
explicitly includes the factor markets. This 
model is designed to simulate a competitive 
agricultural sector and to reflect the product 





Table 1. 1971 Nicaraguan Production Statistics 

Domestic Domestic Export Import 
Commodity Land? Production? Consumption” Price* Export? Price’ Imports Price 
Coffee 150 928 224 247 704 291 0 — 
Tobacco habano 0.7 18 0.9 1,224.1 17.1 1,300 0 — 
Tobacco rubio I 26 26 251.8 — — 0 — 
Sesame 9.6 103 5 72.5 88 100 0 — 
Sugarcanet 46 38,960 0 1.75 0 — 
Sugar* 3,507 1,812 32 1,694 53 0 — 
Irrigated rice? 11 545 — 40 — — 0 — 
Nonirrigated rice? 19 307 -— 40 — — 0 — 
Milled rice* — 530 347 67.5 183 68 0 — 
Raw cotton? 136 5,063 56.7 — — 0 — 
Ginned cotton* - 1,736 159.4 159.4 1,687 171 0 = 
Cottonseed* — 2,795 2,598 20.3 197 28 0 — 
Corn 236 3,539 3,581 34.4 134 35 175 33 
Beans 45 336 12€ 76.8 236 77 28 78 
Sorghum 39 51.7 534 25.6 8 26 25 25 





а Jn thovsands of manzanas (one manzana = 1.74 acres). 

> In thocsands of hundredweights. 

* In cord5bas per hundredveight (one cordoba = U.S $ 1428). 
å A commodity to be processed. 

* A commodity after processing. 
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and factor market impacts of trade distortions. 
The model is a quadratic programming model 
of the type introduced by Takayama and Judge 
and discussed in the recent review paper by 
McCarl and Spreen. 

The model simulates activity within the 
Nicaraguan agricultural sector involving pro- 
duction, processing, export, import and 
domestic consumption of sesame, corn, 
beans, cotton, rice, coffee, sorghum, tobacco 
rubio, tobacco habano, and sugarcane. Other 
commodities are treated as exogenous. Opera- 
tionally, the model maximizes the area be- 
tween the supply and demand curves subject 
to supply-demand balance, foreign trade, and 
resource constraints. 

The objective function consists of the area 
under the domestic demand curve plus export 
revenue minus the costs of imports, miscel- 
laneous production, credit, chemicals, and 
processing. The areas under the land and labor 
supply curves are also subtracted. Constraints 
are present which balance (a) total land use 
with land supplied, (b) labor use with labor 
supply (from both family and hired sources), 
(c) credit use with credit supply, (d) chemical 
use with chemical supply, and (e) product use 
with product supply. Constraints are also pres- 
ent which limit processing capacity and im- 
pose export-impart quotas. Fajardo provides 
details on model specification (the authors 
also will provide a detailed specification upon 
request). 


Assumptions and Empirical Specification 


Several key assumptions are made relative to 
the sector. First, labor is assumed to be in 
infinitely elastic supply up to a point, 2096 
more than current use. It then follows a linear 
supply curve from that point on, with point 
elasticity 2. This practice is followed because 
of the high degree (3096) of rural unemploy- 
ment (Warnken) and because of a lack of data 
to utilize other possible assumptions. Second, 
production of each crop is modeled with only 
one production activity. Third, it is assumed 
that the supply curve of land is upward slop- 
ing, reflecting a progressively higher cost of 
either drawing land out of other enterprises 
(exogenous to the model) or developing addi- 
tional land. Fourth, credit is modeled with a 
differential interest rate for each crop, reflect- 
ing current conditions in the Nicaraguan sec- 
tor. Fifth, all other inputs are modeled as 
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infinitely available at a price. These assump- 
tions will not be discussed at great length here 
and are made on the basis of data availability 
and knowledge of the sector. (See Fajardo for 
a thorough discussion of these assumptions.) . 
The way these assumptions are implemented 
is presented below. 

Empirical specification of the model is ac- 
complished using the approach of Miller and 
Millar. Rather than being built up from micro 
data, the model is constructed using national 
average farm budget data (Warnken). The 
model is empirically forced to reproduce the 
observed 1971 data, assuming that the sector 
was in equilibrium during that year. This is 
similar to the approach that is often used in 
input-output analysis. The production and 
processing budgets are normalized on land 
area or processing level. Use of each input 
explicitly accounted for in the model (land, 
labor, credit, fertilizer, and pesticides) is then 
priced at its 1971 observed price, as is produc- 
tion of each output. The miscellaneous cost 
item in each budget is then set at the difference 
between the budget’s total cost and total reve- 
nue. As a result, at prevailing 1971 prices, 
marginal revenue and marginal costs of any 
given activity are equal. This is the condition . 
of optimality for the QP model. 

Completion of the model also requires spec- 
ification of commodity demand, land supply, 
and hired labor supply schedules. Demand for 
each commodity is assumed to be represented 
via a negatively sloped function. Price elas- 
ticities are obtained either by manipulating in- 
come elasticities (via Frisch's method) or 
from related work in Mexico (Duloy and Nor- 
ton). Cross-price elasticities are not included. 
The linear demand curve formed for each 
commodity has a prespecified elasticity at the 
point given by the base-period price and quan- 
tity. With respect to foreign trade, Nicaragua 
is assumed to be a small country facing 
infinitely elastic (fixed-price) world market 
supply and demand schedules for all products. 
Export and import prices are fixed at their 
1971 levels, as seen in table 1. Quantitative 
export and import restrictions are either set at 
their 1971 levels (as in table 1) or are not 
effective restrictions. 

The land supply is specified in a similar 
manner. By inspection of the ranges of annual 
land costs in Warnken, a price of 100 cordobas 
per manzana is chosen as the base land price. 
The bese quantity of land is the total acreage 
of crops planted in 1971. A land supply elastic- 
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ity of +0.2 is chosen, based upon the authors’ 
judgment. A linear land supply curve is there- 
fore included with an elasticity cf 0.2 at the 
1971 price-quantity point. Credit cost (which 
varied by crop) is drawn from Central Bank of 
Nicaragua statistics. Labor cost :s set at the 
national average agricultural wage rate. Fer- 
tilizer and pesticide costs are held at 1971 
average cost. 


Model Verification 


The data used in th» model specification were 
from 1971. Thus, the task became to repro- 
duct 1971 economic performance. The model 
specified above was. run without trade restric- 
tions and showed quite a large gap between 
tke actual and predicted outcomes. This dif- 
ference principally arose in the foreign sector 
where exports were considerably larger than 
the observed levels. Domestic consumption 
was lower than observed. This occurred be- 
cause in the model, with no barriers to trade, 
domestic and expor: or import prices are equal 
for traded goods. T3is is inconsistent with the 
observed divergence between domestic and 
export prices as given in table 1. An examina- 
tion of the literatuce (Cappi et al.) and the 
authors’ experience led to the conzlusion that 
exports are traded under formal and informal 


Table 2. Base Mocel Production Results 
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qvotas.! Thus, quantity limits on exports and 
inrports were imposed at 1971 levels and thé 
model was rerun. These results are presented 
in table 2. Comparing table 2 with table 1, 
extremely close correspondence was obtained 
between the trade restricted model and 1971 
reality, as expected (given the model spec- 
ificatior. approach). This model, judged to re- 
produce adequately 1971, is adopted for fur- 
zher anzlysis of changes under specified condi- 
cions.? 


Experiments and Results 


Perhaps the most interesting question to be 
answered is what would happen if Nicaragua's 
agricultiral sector were opened to unre- 
strcted foreign trade. This analysis is pre- 
sented below, as are other analyses on export 
taxatior and import pricing options. 


! Two alermative hypotheses also can be advanced. First, the 
mocel may be misspecified, and the difference between domestic 
end foreign prices should be considered a marketing margin. Sec- 
end exporers may be risk-averse; and, thus, risk attitude would 
exp'ain the difference. The first hypothesis was believed false. The 
seccnd hypothesis was tested using a Hazell and Scandizzo-type 
risk model; however, the results were not significantly better and, 
therzfore, cre not discussed here. 

? This procedure does not test the validity of the model for the 
enalysis of changes from the equilibrium. Rather, the model is 
assumed vzlid by construction. 








Domestic Domestic 

Cemmodity Land Procuction? Consumptior? Price* Exports? Imports? 
Ccffee 150 928.7 224 247.9 704 0 
Tobacco habano 0.7 18.0 0.9 1,220 17.1 0 
Tobacco rubio 1.0 26.3 26.3 251.8 0 0 
Sesame 9.6 103.5 15.5 72.5 88 0 
Sugarcane 45.3 38,944 — 1.75 — == 
Sugar? — 3,505 1,811 52.2 1,694 0 
Irrigated rice? 11.2 535.9 — 40.1 — — 
Ncnirrigated rice? 19.3 310.1 — 40.1 — — 
Milled rice® — 530 347 67.4 183 0 
Raw cotton® 136.3 5,063 — 64.5 — — 
Ginned cotton? — 1,737 50 159.1 1,687 0 
Cottonseed® — 2,795 2,528 20.3 197 0 
Com 236 3,539 3,531 34.4 134 17.6 
Beans 44.8 335.8 128 76.8 236 28: 
Sorghum 39.1 51.7 534 25.6 8 25! 





? C3mmodity which is processed before sale. 
> Processed commodity. 

e Ir 1,000 manzanas. 

* Ir thousands of hundredweight. 

* In cordobas per hundredweight. 





f Both imports and exports ere present for these commodities because cf the quota scructure. 
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Trade Restriction 


Uncertainty in world prices is often cited as a 
major reason LDCs restrict, or want to impose 
restrictions on, trade. Quantitative restrictions 
on trade can aid in stabilizing domestic prices 
as they cut the link between domestic and 
world market prices. The model is used to 
analyze the consequences of restricted versus 
unrestricted trade under export price uncer- 
tainty in an attempt to estimate the magnitude 
of the dislocation arising from the imposition 
of quotas. Time-series data obtained on export 
prices for the three principal export crops— 
sugar, cotton, and coffee—for the years 
1967-74 are given in table 3. 

The comparison between unrestricted and 
restricted trade is made by first running the 
model with world market prices for each of the 
eight sample years with trade volumes re- 
stricted at 1971 levels and then running 
through each sample year with unrestricted 
trade. (Under these cases, the processing re- 
straints were removed.) The results of this 
analysis are summarized in table 4. 

In interpreting these results, several factors 
need to be considered. First, this is an equilib- 
rium model, which fully adjusts to any shock 
within one year. Thus, the results do not take 
into account the perennial nature of some of 
the crops and other short-run resource fixities. 
Therefore, it overstaies short-run resource ad- 
justments among crops. Further, the formula- 
tion assumes that farmers react as if they had 
perfect knowledge of these prices and seek to 
maximize net income. The model is rather 
simple and does not capture risk-averse be- 
havior, many constraints which may dampen 
adjustment, multiple activities for production 
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of a crop, substitution in demand, or the effect 
on demand of income change—nor are the 
terms of trade adjustments captured which po- 
tentially would occur with large changes in the 
balance of trade. Consequently, the model can 
be said to give a maximum measure of the 
effects of international price stability (when 
tested under free trade). Nevertheless, the dis- 
tributional effects of the price uncertainty are 
of interest. 

The trade restrictions lower the average 
value of exports, depress rural employment, 
land prices, consumer prices, and producer 
prices (table 4). However, under restricted 
trade, all of these items were more stable, as 
expected. The domestic consumer paid lower 
prices (as evidenced by the Laspeyres price 
index) and faced more stable prices. The pro- 
ducers of exported goods lost, as evidenced by 
their producer surplus.^ Thus, the policy of 
export restrictions transfers income to con- 
sumers and producers of domestically con- 
sumed goods from export producers.? 


Export Tax 


One means implemented by the Nicaraguan 
government to obtain tax revenue after the 


3 Table 4 also illustrates one of the benefits of the multicommod- 
ity simultaneous trade-policy analysis. Land area is reallocated 
among crops in response to the policy change consistent with the 
opportunity costs of producing eazh crop. 

* Consumer and producer surplus are used here individually and 
as a measure of welfare. These topics are somewhat controversial; 
also the zero cross elasticities cloud the use of this measure. 
However, the authors felt that in this context these measures were 
useful. Willig provides discussion and references. 

5 As Jabara and Thompson demonstrate, under risk aversion the 
subjective cost associated with international price uncertainty 
may exceed the static welfare losses identified here. But this is 
beyond the scope of the study. 














Table 3. Export Prices for Cotton, Sugar, and Coffee, Nicaragua, 1967—74 
Cotton Sugar Coffee 
Price 
Year Nominal? Deflated^ Nominal? Deflated^ Nominal? Deflated^ Index* 
1967 163.7 179.9 43.7 48.0 263.2 289.2 91.0 
1968 183.4 205.6 44.3 49.7 256.5 287.5 89.2 
1969 161.3 172.1 45.9 49.0 249.5 266.3 93.7 
1970 162.6 170.3 47.3 49.5 345.5 361.8 95.5 
1971 171.4 171.4 53.0 53.0 290.8 290.8 100.0 
1972 199.0 173.9 57.3 50.1 324.0 283.2 114.4 
1973 204.6 178.8 83.8 49.5 382.9 226.0 169.4 
1974 331.8 145.6 81.6 35.8 459.5 241.1 221.9 








* Cordobas per hundredweight (Source: Banco Central de Nicaragua, 1970, 1974). 


b Price іп 1971 constant cordo»as. 


© Based on FAO price index of agricultural commodities, FAO (1970-71 and 1974-75). 
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Table 4. Selected Results of Restricted Trade Analysis over Eight Years of Runs (1967—74) 





Unrest-icted Trade 


Traded under Quota 











Coeff. of Coeff. of 
Mean Variation Mean Variation 
Production? 
Coffee 1,246 2.190 817 ‚284 
Sugarcane 1,982 .005 2,248 277 
Raw cotton 26,582 .629 4,844 ‚120 
Milled cotton 178 .005 181 .001 
Ginned cotton 9,118 .629 1,661 .120 
Selected export value? 
Coffee 373,648 2.645 172,116 .424 
Milled sugar 0 — 11,223 2.646 
Ginned cotton 1,659,315 .677 283,724 .180 
Total exports value 2,612,357 .364 539,294 .196 
Domestic price* 
Coffee 321 .084 246 .016 
Milled sugar 582 .038 520 .006 
Ginned cotton 178 .075 157 .029 
Factor use 
Labor? 67,573 596 34,292 .124 
Land* 1,318,924 .176 675,305 .051 
Fertilizer? 197,237 710 86,596 173 
Insecticide” 366,612 497 84,976 ‚102 
Credit? 107,512 .425 28,541 .083 
Miscellaneous 
Consumer and 
producer surplus” 3,287,220 .055 3,041,597 .013 
Consumer surplus? 2,629,283 .023 2,814,392 .003 
Producer surplus? 649,940 .369 227,091 .184 
Exporter producer 
surplus? 477,850 .863 155,569 .158 
Domestic producer 
surplus” 172,088 1.582 71,522 .439 
Price of lanc” 0.549 .305 0.086 .786 
Consumer price index 1.497 111 0.991 .023 
Producer prize index .985 .071 0.977 .066 





а In thousands o? hundredweight. 
> In thousand cordobas. 

© In cordobas per hundredweight. 
4 [n thousands of man days. 

° In thousands of manzanas. 


1972 earthcuake was the establishmen: of an 
ad valorem tax for export crops. The th2ory of 
commercia. policy predicts that an export tax 
on a small (price-taking) country's exports 
will affect the market for a given good in one 
of two ways. Either (a) the volume o? goods 
exported will fall as will the domestic price; or 
(b) if there is a binding export quota, it merely 
transfers income (rent) from exporters to the 
government (as tax revenues) with no changes 
in product:on of the good. 

A 15% ad valorem export tax is imposed on 
exports of zoffee, sugar, tobacco habano, cot- 
ton, and sesame. The solution is summarized 
under ‘‘Export Tax" in table 5. One of the 
most interesting findings is an observed reduc- 


tion in the exports of only cotton and sugar. 


The tax equivalent of the existing export . 


quotas on other crops already was causing 
more than a 15% difference between their 
domestic and export prices. Thus, case (b) 
above applied to these crops. In the new 
equilibrium under the taxes, less coffee was 
exported, and there were no sugar exports. 
The area of land planted to coffee fell slightly, 
and sugarcane land was almost halved. This 
led to a decrease in land value and a slight 
increase in the production of other crops. 
Total land use fell by 13%. Social welfare, 
measured by consumer plus producer surplus, 
fell 2.696. A Laspeyres index of consumers' 
prices shows a 3.196 reduction, whereas an 
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Table 5. Principal Macroeconomic Results from Selected Alternatives 
1971 Base Export Input Input Input 
Actual Model Tax Subsidy 1 Subsidy 2 Subsidy 3 

Social 

welfare? — 3,042,214 2.965,394 3,080,723 3,047,273 2,969,274 
Producers' 

surplus? — 231,598 140,621 260,906 232,609 142,618 
Exporter producer 

surplus? — 144,375 91,912 161,328 145,434 149,859 
Consumers 

surplus? — 2,810,429 2,824,817 2,818,897 2,813,754 2,826,702 
Labor use? 36,059 36,069.62 32,515 36,148 36,102 32,646 
Land use* 694.7 694.7 606.2 697 696.5 611.8 
Credit? 274,678 287,346 201,973 287,443 287,177 263,574 
Fertilizer? 101,058 97,947 86,084 98,158 98,008 91,274 
Insecticide? 94,690 94,336 63,202 94,530 94,444 90,511 
Price 

Consumer 

index? — 100 96.9 97.8 99.2 96.4 
Producer 

"Price 

Index? E 100 89.1 99.0 99.6 88.9 
Government 

revenue? 50,532 —38,538 —5,001 73,972 
Changes in social 

welfare from base? — — —76,820 39,509 5,059 —72,940 


в In thousands of cordobas. 
* In thousands of man-days. 
* In thousands of manzanas. 
5 Laspeyres’ price index. 


index of producers prices shows a 10.9% re- 
duction. Consumers are slightly better off. 
Labor use fell by 10%. Government revenue 
from the tax was 74.7 million cordobas. This 
policy again benefits consumers and domestic 
producers while discriminating against export- 
ers and reducing rural employment. 


Imported Input Subsidies 


The prices of imported inputs rose substan- 
tially in 1973. As a result, many LDCs sub- 
sidized the use of imported inputs. The effects 
of such a policy are simulated through the im- 
position of subsidy policies directed toward 
the chemical inputs. 

Three subsidy policies are tested. The 
specific policies are (a) a 20% price subsidy on 
chemical inputs used for all crops, (b) a 20% 
price subsidy on chemical inputs used for only 
the domestically consumed crops, and (c) a 
20% subsidy for domestically consumed crops 
coupled with a 15% export tax on the crops as 
above. The results from these three policies 
are summarized in table 5. 

All of the subsidy policies resulted in gains 
for consumers. Producers gained under the 
all-crop subsidy policy, came out even under 


the domestic crop subsidy, and lost under the 
subsidy-tax policy. In all three cases the net 
change in government expenditures almost 
exactly equaled the gain in welfare. Govern- 
ment expenditures were 38.5 million cordobas 
under the first plan and 5.1 million under the 
second plan. Under the tax and subsidy pro- 
gram, net government receipts were 74 million 
cordobas. 


Concluding Comments 


This paper illustrates the use of a simplified 
multicommodity modeling approach that read- 
ily permits the analyst to conduct trade policy 
analysis taking into account important simul- 
taneities often ignored in single-commodity 
analysis. The Nicaraguan crop sector is exam- 
ined under selected changes in its trade and 
agricultural policies. The analysis uses a таг 
ket-oriented, quadratic programming model 
of the crops sector. The model, constructed to 
reproduce 1971 conditions, is then used to test 
sensitivity of the sector to trade liberalization, 
unstable markets, export taxes, and imported 
input subsidies. 
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With regard to the Nicaraguan situation, 
several observations can be made. First, the 
production of export crops appears to be 
profitable, given the quotas in existence. =vi- 
cence for this appears in the form of the 
Gomestic-international trade differential. 
Trade in these commodities has been reduced 
through a system of quotas. Further, at times 
export taxes have been imposed, affecting ex- 
port profitability while adding to government 
tax revenues. The analysis above shows that 
the net impact across all commodities of such 
policies is to bring about benefits to consumers 
and producers of domestically consvmed 
стор, and Icsses to producers of crops that 
are primarily exported. Unrestricted trade in- 
zreases rural employment, but also opens the 
country to considerably more variabilicy in 
internal prices and incomes. Input subs:diza- 
tion policies also were examined, and the pos- 
sibility was demonstrated that the revenues of 
an export tax might be used in subsidized 
domestic production. i 

Above and beyond concerns relating 10 the 
Nicaraguan context, this study raises a num- 
ber of resezrch questions. First, the model 
used is potertially powerful. The alternative to 
this model is a larger, more data-intensive 
model, such as CHAC (Duloy and Norton). 
The time required to implement the model in 
this paper can be much less; however, the 
accuracy of the larger model could (and 
should) be greater. The research questions 
that arise, then, are: How accurate is the type 
of approach used herein? Is this approech in- 
appropriate? When should it not be used? Is 
the marginal gain from having a more detailed 
model in fact worth its cost? In many cases the 
authors feel the above methodology is appro- 
priate for quick, insightful analyses. 

The second set of research questions relates 
to trade or other policy analysis using a 
multiple-commodity model. The authcrs feel 
that in this situation the multicommodity 
model is appropriate and in fact could build a 
case for expanding the model scope to nonag- 
ricultural and/or monetary sector activity. The 
appropriate questions then are: Under wnat 
conditions is single-commodity analysis ap- 
propriate? What are the relative strengths and 
weaknesses of a single- versus a multiple- 
commodity model? Finally, how do you know 
when to stop a model in terms of its scope? 
This question is important in a country such as 
Nicaragua, where time, skiled manpower, 
computer facilities, and quantitative expertise 
are potential major constraints. 
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A third set of research questions relates to 
the use of this model in a stability situation. 
The model basically assumes equilibrium. 
Stability analyses are done most frequently 
with dynamic disequilibrium models. The au- 


tkors feel each has its place and believe the © 


appropriate question is, when are the results 
of an equilibrium model appropriate for a sta- 
b:lity examination (especially when the model 
т.ау be put together rather simplistically)? Re- 
strictive assumptions (as above) are certainly 
necessary. 


[Received November 1979, revision accepted 
June 1980.] 
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Effects of Exchange Rate Changes on U.S. 
Agriculture: A Dynamic Analysis 


Robert G. Chambers and Richard E. Just 


An econometric model of the wheat, corn, and soybean markets is used to examine the 
dynamic effects of exchange rate fluctuation on U S. commodity markets. Exports and 
agricultural prices are found to be sensitive to movements in the exchange rate, while 
domestic factors, such as disappearance and inventories, are less sensitive but still 
responsive. Dramatic short-run adjustments in prices and exports are followed by less 
dramatic but significant longer-run adjustments. Thus, the hypothesis of elastic response 
to the exchange rate seems particularly relevant for the shor: run. 


Key words: agricultural prices, agricultural trade, exchange rate. 


One of the most dramatic events in the inter- 
national arena over the last decade was the 
devaluation of the dollar by almost 1095 vis-a- 
vis special drawing rights (SDRs) in 1971. The 
devaluation was largely the result of an in- 
creasingly poor international payments situa- 
tion for the United States. Dramatic as it was, 
however, the initial devaluation of the dollar 
was followed by yet another devaluation and 
eventual floating of the dollar in 1973. During 
this same period, the United States experi- 
enced the first in a series of de3cits in the trade 
account. These facts, coupled with the still 
weak position of the dollar in interaational 
currency markets, have led manv trade 
theoreticians and empiricists to question the 
overall effectiveness of devaluation as a policy 
tool. In fact, there is a school 3f thougat (often 
identified as monetarist) which suggests that 
devaluation can have only monetary eTects, in 
which case a devaluation likely causes port- 
folio adjustment but is unlikely to affect seri- 
ously the trade balance. Examples of theoreti- 
cal research on this topic include the series of 
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papers by Laffer (1969, 1976), while the paper 
by Miles presents some empirical evidence in 
support of the monetarist hypothesis. 

On the other hand, a good deal of attention 
has been directed at the effect of these devalu- 
ations on the agricultural sector of the econ- 
omy. If a devaluation strongly affects the ag- 
ricultural sector, then the majority of the asso- 
ciated impact effect must come through an 
adjustment in the agricultural trade balance 
rather than through a portfolio adjustment. In 
an award-winning paper, Schuh has demon- 
strated (given implicitly nonmonetarist as- 
sumptions) that overvaluation and, hence, de- 
valuation could have important effects on both 
the foreign component as well as the domestic 
component of the agricultural sector. This lat- 
ter point is particularly relevant because many 
of the empirical studies of the effect of a de- 
valuation on U.S. agriculture have concen- 
trated on price and export effects. In a market 
where production occurs only once a year, 
however, any factor that impacts on both price 
and exports will, with little doubt, have impor- 
tant dynamic effects on domestic disappear- 
ance and inventory accumulation. One goal of 
the present study is to investigate the dynam- 
ics of these effects in an empirical model. 
Most of the modeling efforts that have been 
directed at this problem thus far, either 
econometric or judgmental, have been static in 
nature and are thus incapable of portraying the 
dynamic adjustment to a devaluation. This pa- 
per, on the other hand, seeks to identify the 
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major dynamic characteristics of this adjust- 
ment process via dynamic multiplier analysis. 

This paper is эаѕей on another paper by 
Chambers and Just which argues that past 
modeling efforts may have been overly restric- 
tive in their specification of the exchange rate 
variable in empirical agricultural trade models. 
Specifically, many cross-price effects which 
are ignored in applied modeling because of 
problems of multicollinearity and degrees of 
freedom, collectively can cause a significant 
exchange rate effect which might be under- 
estimated (overestimated) by only deflating 
own price by the exchange rate in an export 
equation. On the basis of the classic work by 
Orcutt on international price elasticities under 
a system of fixed or relatively fixed exchange 
rates, such as the crawling peg arrangements 
of Bretton Woods, economic agents also may 
respond differently to exchange rate adjust- 
ments than they do to market price move- 
ments. For both cf these reasons, reduced- 
form exchange rate elasticities of price need 
not be restricted to lie between zero and — 1, 
(0, —1). Because this proposition is clearly 
testable, some attention is directed at the as- 
sociated empirical investigation. On balance, 
the reported statistical results tend to favor the 
proposition. 

In this paper the authors attempt to develop 
a model which corsiders exchange rate ad- 
justment as a monetary effect with adequate 
flexibility in specification, which reflects ex- 
change rate effects on the domestic sector as 
well as the foreign sector of U.S. agriculture, 
and which appropriately considers the dynam- 
ics of the associated adjustment process. The 


'model concentrates on the markets for the 


three most important U.S. agricultural 
exports—wheat, corn, and soybeans. In the 
following section, a dynamic econometric 
model of these three markets is presented and 
discussed. The model is then used to generate 
dynamic and long-run multipliers to investi- 
gate the time path of adjustment to fluctua- 
tions in the exchange rate and to a devaluation 
of the same size as the original devaluation of 
the Nixon era (in terms of the SDR-dollar 
rate). By and large, the results indicate that 
the devaluations of the early 1970s had ex- 
tremely important effects on agricultural ex- 
ports and prices as well as on domestic disap- 
pearance and inventory accumulation. In- 
terestingly, however, the short-run effects are 
more dramatic that the long-run effects. The 
results also suggest that monetary factors in 
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general, such as money. supply controls, can 
have significant effects on agriculture through 
the exchange rate. 


The Structural Model 


The econometric model consists of fifteen 
equations, three of which are identities. These 
equations explain disappearance, inventories, 
exports, and production for three com- 
modities—corn, wheat, and soybeans. The 
model is formulated in a seemingly recur- 
sive form with a separate block for each com- 
modity. However, because ofthe likelihood of 
cross-block correlation of d:sturbances, the 
model is estimated as a single system by 
three-stage least squares (38S) using quar- 
terly data for the period 1969(1)-77(1). 

The results of the structural estimation with 
variable definitions and data sources are pre- 
sented in table 1. Each functicnal relationship 
is assumed to be linear in parameters to 
simplify the estimation and subsequent dy- 
namic analysis of the model, and each quar- 
terly equation contains indica-or variables to 
account for purely seasonal effects. Also, each 
equation is estimated in per capita form so as 
to preserve the linearity of the system and to 
allow the straightforward induction of a linear 
(in parameters) reduced-form “rom the struc- 
tural estimates.! The model zs a whole ap- 
pears to fit well and achieve a sound level of 
statistical significance, as evidenced by the as- 
sociated root-mean-squared errors (RMSE) 
and standard deviations for the estimated pa- 
rameters (reported in parentheses). The signs 
of all coefficients appear to be reasonable in 
terms of a priori expectations. 

The estimated model is substantially more 
aggregated than many models of agricultural 
markets although much less aggregated than 
those presented by Clark or Egbert. For ex- 
ample, it is not unusual to seperate domestic 
disappearance of wheat into food disappear- 
ance and feed disappearance (e.g., Mo). 


! This specification has a somewhat peculiar implication that the 
U.S. population elasticity of total exports is 1. However, popula- 
tion varies little during the sample period used here and is held 
constant for purposes of examining dynamic adjustments to ex- 
change rate changes below. On the other hand, if exports are not 
considered in per capita terms while other deraands are, then the 
System including identities becomes nonlinear. Thus, the dynamic 
analysis (which is the major focus of this paper) becomes messy 
and, in fact, cannot be performed generally without relying on 
approximations which may be poor, given the magnitude of 
changes considered. 
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Also, several empirical studies on U.S. grain 
exports—for instance, Fletcher, Just, and 
Schmitz; and Johnson, Grennes, and 
Thursby—differentiate U.S. exports by coun- 
try of destinatior. Mo, for example, further 
chooses to partiton inventories into govern- 
ment-held inventories and privately held in- 
ventories. The agzregate nature of the present 
study, however, is justified by the fact that 
interest is center2d on the net effects of ex- 
change rate fluctuation in each of the markets 
rather than on each particular component of 
the market. 

Per capita wheat disappearance (PWD) is 
assumed to be a function of the own-price of 
wheat deflated by the wholesale price index 
(RPW), real per capita disposable income 
(RPDI), the lagged dependent variable, and 
quarterly indicator variables (FALL, WINT, 
SUM). The estimated coefficients for RPW and 
RPDI are both tkeoretically plausible and sig- 
nificant in a 596, one-sided asymptotic sense. 
The coefficients >f each of the indicator vari- 
ables are all statistically significant, suggesting 
a strong seasonal effect. The estimated elas- 
ticities indicate a fairly inelastic response to 
the deflated price of wheat (—.087 at means), 
while wheat appears to be a superior good 
with an estimated elasticity of deflated income 
of approximately 1.5. 

The per capita corn disappearance (PCD) 
and per capita soybean disappearance (PSD) 
equations are taken to be functions of the 
own-deflated prices (RPC and RPS, respec- 
tively), and the quarterly indicators. In addi- 
tion, since corn finds relatively more use for 
feed, particularlv for hogs, domestic corn de- 
mand is taken to be a function of the number 
of hogs on feed (HOG), and the price of cattle 
(PCAT), the latter of which reflects short-run 
adjustments in the livestock industry.?^ Arzac 
and Wilkinson fp. 301) report a positive in- 
come coefficient in their domestic corn de- 
mand equation, while the results in table 1 
indicate a negative income elasticity for both 
PCD and PSD. It should be noted, however, 
that neither their reported coefficient nor the 
ones in table 1 zre significantly different from 
zero, and thus, there appears to be little statis- 


?'The reader may note that a number of other variables also 
were considered in explaining domestic disappearance. For exam- 
ple, because soymeal :s an important ingredient in some poultry 
feeds, poultry numbers were considered in the soybean equation 
but no plausible coef3cient could be obtained suggesting that 
poultry feed demand is not one of the major determinants of 
domestic soybean demand. 
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tical reason to prefer one to the other. Fur- 
thermore, a negative income coefficient for a 
feed grain is not entirely implausible because 
derived demand due to meat consumption is 
reflected through the livestock variable. The 
numbers of cattle and hogs on feed appear to 
be important in the determination of per capita 
corn disappearance with elas-icities of approx- 
imately .5 and .7, respectively. Like Arzac 
and Wilkinson, table 1 suggests a negative, but 
statistically insignificant, own-price elasticity 
for PCD. 

The estimated inventorv equations are 
based on the hypothesis that inventories are 
inversely related to own-price and are consis- 
tent with the partial adjustment inventory 
model suggested by Labys (рр. 70-71). Logi- 


- cally, as the own-price rises, the opportunity 


cost of carrying grain out of a given period 
rises and the incentives for profit taking in- 
crease. The converse is true as price falls. Per 
capita wheat inventories (РУУГ), thus, are 
taken to be a function of ceflated price, the 
lagged dependent variable, and the quarterly 
indicator variables. Own-deilated price has the 
expected sign and is significant statistically. 
Per capita corn and soybean inventories (PCI, 
PSI) were both estimated as a linear function 
of own-deflated price, lagged production in- 
dicator, the lagged dependent variables, and 
the quarterly indicator variables. Both equa- 
tions achieve a strong leve. of statistical sig- 
nificance. Also, with the exception of soy- 
beans, inventories appear to be responsive to 
own-price movements although in an inelastic 
sense. Respective price elasticities are — .247, 
—.172, and —.033. 

As mentioned earlier, the export equations 
represent somewhat of a departure from tradi- 
tional modeling of grain exports in their treat- 
ment of the exchange rate variable (for al- 
ternative specifications see, for example, 
Johnson, Grennes, and Thursby; Green- 
shields). The theoretical basis for this spec- 
ification has been developed in Chambers and 
Just, and one purpose of the present study is 
to investigate empirically -he validity of-the 
associated argument. Although Chambers and 
Just argue for including ‘‘indices for ‘all other’ 
traded commodities and all nontraded com- 
modities’’ while weighting ‘‘the ‘all other’ 
commodity index by the exchange rate" (р. 
255), the present study follows the simpler 
alternative of including the SDR term as a 
separate regressor. This is done because the 
necessary indices are not available and be- 
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czuse deflating own-price and the commodity 
index by the exchange rate introduces a sig- 
nificant nonlinearity into the system, making 
multiplier analysis extremely difficult. The 
own-price term, however, is deflated by zhe 
wholesale price index which places a rela- 
tively heavy weight on traded commodities 
while not ignoring nontraded commoditiss; 
thus, cross-price effects of nontraded commod- 
ities should be depicted adequately. 

Also, one might note that exparts to cen- 
trelly planned economies are considered en- 
dogenous to the model specified and estimated 
here. Some previous studies have treated stch 
exports as exogenous in estimating U.S. ex- 
port demand. To do so, however, denies that 
central planning bodies possess economic -a- 
tionality. Internal prices may be meaningless 
in a centrally planned economy, but certainly 
excernal prices сап be important. For exam- 
ple, there is no reason to assume that the 
Soviet Union might not import a little less 
grein if the price they must pay is very high 
rather than verv low. While.such trade may be 
interrupted occasionally by political factcrs 
such as with the recent Russian grain em- 
bargo, there is no reason to rule out ratioral 
economic responses on the part of doth coun- 
tries when such political barriers are not effec- 
tive (as they generally were not during tie 
relevant sample period). In fact, the results of 
Fletcher, Just, and Schmitz, in which exports 
to the Soviet Union are investigated in a sepa- 
rate equation, verify that this particular cen- 
trally planned economy responds significantly 
to external price incentives. 

If centrally planned economies possibly re- 
spcnd to external price incentives, however, 
then the associated exports are endogenous in 
grain trade models and any attempt to treat 
them as exogenous variables generally will 
lead to biased and inconsistent estimates. 
Thus, exports to centrally planned ezonomies, 
as well as other commercial exports, асе 
necessarily considered as endogenous vari- 
ables which respond to the usual set of exter- 
nal or international economic variables. 

With this in mind, per capita wheat expor-s 
(PV/X) are presumed to be a linear function of 
own-deflated wheat price (denominated in 
domestic currency units), the exchange rate 
(SER), the European Community's threshold 
price (THPW) for wheat imports, the stocks of 
wheat in other major exporting countries 
(WSTOCKW), P.L. 480 shipments of wheat 
(PL480), the lagged dependent variable, and 
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the indicator variables. Per capita corn ex- 
ports (PCX) are represented as a linear func- 
tion of own-deflated price, the exchange rate, 
stocks of corn in the other major exporting 
nations (WSTOCKC), the price of soybeans 
(to represent relevant substitution pos- 
sibilities), the lagged dependent variable, and 
the indicator variables. Finally, per capita 
soybean exports (PSX) were taken to be a 
function of own-deflated price, the exchange 
rate, non- United States exports (NONUSS) of 
soybeans, the lagged dependent variable, and 
the seasonal indicators.? 

The exchange rate variable is highly sig- 
nificant in the corn export equation and sig- 
nificant at a 6% or 7% level in the soybean 
export equation (asymptotically). While the 
significance is less in the wheat export equa- 
tion, other variables also are less significant 
presumably due to the large number of other 
explanatory forces considered. For example, 
by eliminating WSTOCKW from the equation 
(which has a /-габо of only —.81), the SDR 
t-ratio more than doubles to — 2.54, while the 
coefficient increases by only about 30%. The 
wide range of alternative explanatory vari- 
ables is retained in the equation to give other 
forces the maximum opportunity of explaining 
the endogenous variables which are so highly 
correlated with exchange rates. 

These results coupled with the earlier 
findings of Fletcher, Just, and Schmitz, and 
Meilke and de Gorter provide strong empirical 
evidence supporting the exchange rate spec- 
ification used in those papers as well as in the 
present study. Furthermore, the estimated 
structural exchange rate elasticities for ex- 
ports (all larger than unity) indicate that the 
level of U.S. grain exports has been very sen- 
sitive to fluctuation in the exchange rate. 
Hence, the arguments of Schuh and others 
appear to be valid, and there seems to be evi- 
dence that devaluations and depreciations can 
lead to significant real adjustments in the ag- 
ricultural trade balance as well as the portfolio 


3 Attempts also were made to incorporate other indicators of 
the international demand and supply situation such as the level of 
freight rates and the threshold price of corn. However, apparent 
problems of multicollinearity with other included regressors led 
to poor statistical results. Shipments of corn under P.L. 480 were 
not included because they have amounted to less than 1% of U.S. 
com exports. One might also note that while the SDR-exchange 
rate depends perhaps too heavily on developed country exchange 
rates for general agricultural trade modeling, it is highly correlated 
with many of the less developed country exchange rates in this 
sample period because of the dramatic nature of the U.S. devalua- 
tions. Thus, its use seems adequate for present purposes, particu- 
larly in view of the cost of constructing an alternative basket rate. 
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adjustment emphasized by monetarists. On 
the other hand, the estimated price elasticities 
for exports range from .17 to .46 which, fol- 
lowing the arguments of Chambers and Just, 
indicates a significant differential effect be- 
tween exchange rate and own-price move- 
ments. This differential may be attributed, 
among other things, to cross-price demand 
and supply effects reflected through the ex- 
change rate and a differential response rate on 
the part of economic agents to exchange rate 
and price movements. The overall, dynamic 
impact of the exchange rate on these three 
markets will be investigated in greater detail 
below. 

Modeling production in a quarterly, simul- 
taneous equation system presents an interest- 
ing problem sinze production usually occurs 
only once a year. (For an exception to this 
treatment see Bradford and Kelejian.) The 
overall production model used in the estima- 
tion follows from the work of Cromarty and 
Houck and Ryan. Production is expressed as a 
function of the deflated support price (RWSP, 
RCSP, RSSP) and the deflated lagged average 
price (RWAP, RCAP, RSAP) received by the 
farmer. To handle the periodicity problem, 
both sides of the production equation are mul- 
tiplied by an indicator variable taking the 
value 1 in the period when the bulk of produc- 
tion occurs and zero otherwise. This allows 
the application of system estimation. Each of 
the estimated equations appears to be sig- 
nificant. However, because of the specifica- 
tion one must bear in mind that the reported 
standard errors are misleading in a downward 
direction. 


The Reduced-Form Model 


The 3SLS derived, reduced-form estimates for 
the model are reported in table 2 (elasticities 
are reported in brackets). Because the model 
appears to be recursive in nature, the reduced 
form also was estimated by Zellner’s seem- 
ingly unrelated regression technique. How- 
ever, because of the similarity of the results, 
only the derived 3SLS estimates are reported. 
The coefficien-s of the reduced form (impact 
multipliers) are interesting because they pre- 
sent a more accurate picture of the total ef- 
fects of predetermined variables than simple 
elasticities computed from the structural form. 
In particular, the reduced form provides equa- 
tions for the jointly dependent prices (RPW, 
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RPC, RPS) while also recognizing the effect 
that the exchange rate has on per capita disap- 
pearance and inventories of the three com- 
modities. The reduced form is also used to 
generate the dynamic multipliers associated 
with the exogenous variables. Before proceed- 
ing to the investigation of the dynamic proper- 
ties of the model, a closer look at the impact 
elasticities associated with the exchange rate 
is worthwhile. 

One of the main contentions of the paper by 
Chambers and Just is that restriction of the 
exchange rate elasticity of price to the closed 
interval (0, —1) may be incorrect.^ The results 
in table 2 clearly support this proposition since 
none of the impact elasticities are within the 
unit interval. The impact effect of a change in 
the exchange rate on deflated grain prices is 
thus apparently substantial. To gauge the size 
of this effect, note that the deflated price of 
wheat was .01531 in the first quarter of 1971 
and .02248 in the first quarter. of 1975. In the 
intervening period the SDR/$ rate had fallen 
from 1 to .8040, so about 70% of the increase 
in the deflated wheat price can be explained by 
short-run adjustments to the exchange rate. In 
dollars and cents, the impact effect of such a 
change. is about $1.73 per bushel, whereas the 
actual price rose by about $2.10. For the same 
period, all of the increases in corn- and 
soybean-deflated prices can be explained by 
the dollar depreciation. 

A similar analysis can be performed for the 
level of wheat, corn, and soybean exports with 
the result that the depreciation of the ex- 
change rate over that period is capable of ex- 
plaining all of the increase in wheat and soy- 
bean exports and over 90% of the increase in 
com exports. Although the preceding experi- 
ment may overstate the exchange rate effect 
somewhat, it serves to demonstrate the sig- 
nificant effect that exchange rate fluctuations 
can have in moving from a period of fixed 
exchange rates to a period of fluctuating rates. 


^ One might note that under some stringent assumptions, theory 
implies that the exchange rate elasticity must lie in the interval (0, 
~1). For example, theorems 4.D.1 and 4.D.3 of Takayama (p. 
392-3) imply that if all goods are net gross substitutes and all 
income elasticities are positive, then this must be the case. How- 
ever, the estimated system structure in table I obviously admits 
the possibility of negative income elasticities (see the corn and 
soybean disappearance equation where income serves as a deter- 
minant of direct-human or, at least, nonlivestock consumption). 
Thus, such a restriction is inappropriate. Moreover, even 
theorems of this type cannot be applied in restricting the exchange 
rate elasticity if phenomena such as the Orcutt hypothesis are 
operative. The latter point is particularly relevant since exchange 
rates were under direct control for a large part of the sample 
period under investigation here. 
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Turning to the effect of the exchange rate on 
the other variables in the system, note first of 
all that the impact effect on production is nil 
because of the recursive nature of the produc- 
tion equations. However, the exchange rate 
does impact on the other jointly dependent 
variables in the system as evidenced by table 
2. In particular, PWI, and PCI seem to be 
responsive to changes in the exchange rete. 
This result is interesting because it suggests 
that the wheat and corn markets react to rapid 
increases in the level of their exports by draw- 
ing relatively more on inventories while the 
soybean market appears to curtail domestic 
consumption relatively more. 

As well as providing estimates of the effect 
of the exchange rate on the jointly dependent 
variables of the system, the reduced form élso 
allows analysis of the effects of other exoge- 
nous variables on the system. For example, it 
appears that the prices of corn and soybeans 
are fairly sensitive to fluctuations in the num- 
ber of cattle placed on farms with elasticicies 
of .74 and .60, respectively, while wheat price 
is fairly responsive to the level ofthe threshold 
price in the European Community, with an 
elasticity of —.62. This latter result is sup- 
portive of the model used by Johnson, Gren- 
nes, and Thursby. Corn price is particularly 
sensitive to hog numbers, with an elasticitv of 
1.09, and is somewhat responsive to short-run 
livestock market adjustments, with an e.as- 
ticity of .40 with respect to cattle price. 


Dynamic Characteristics of the Model 


To investigate the dynamic nature of the 
. model, it can be written (following Chow) as a 
matrix difference equation. Before examiring 
the dynamic multipliers, one may be in- 
terested in the stability of the model, i.e., the 
eigenvalues which determine the expected 
time path of the jointly dependent variables 
(see Chow or Dhrymes). The model is, in- 
deed, stable, having as a dominant root a real, 
negative eigenvalue with modulus .8804. Al- 
though less than one, the size of this eigen- 
value suggests that exogenous shocks to the 
model will have effects that persist for quite 


5 Most general proofs of multimarket stability rely on assump- 
tions of net gross substitutability or positive income elasticitiss for 
all goods (see, e.g., Takayama, p. 399—406). Because the esti- 
mated model in table 2 contains some negative income elasticities, 
an ex post examination of stability of the model is crucial tefore 
proceeding with further analysis. 
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some time. In addition to the dominant eigen- 
value, there are six other eigenvalues with 
negative signs, two of which are also quite 
large; taus, one can expect rather lengthy 
adjustment processes following exogenous 
shocks. 

Table 3 reports the dynamic (interim) mul- 
tipiers associated with the exchange rate for 
lag periods of one to twelve quarters. These 
multipliers represent a fairly long and smooth 
adjustment process once the initial shocks are 
over. The impact multipliers (reduced form 
coefficients) associated with the exchange rate 
incicate strong upward pressure on exports 
and price as an impact effect of a depreciation. 
The strong upward push on price leads to a 
slazken:ng of domestic disappearance and in- 
ventory accumulation which in turn tends to 
recuce the rate of price increase originally 
caused by the depreciating exchange rate. 
Nevertheless, prices continue to rise as the 
terdency to satisfy deferred demand increases 
and, in the second or third quarter, rising 
prices begin to choke off and reverse the 
growth in exports. As time wears on, the ef- 
fects diminish as the system approaches a new 
equilibrium point. But as the size of the domi- 
naat root would suggest, there are still notice- 
abe effects for all of the jointly dependent 
vaciables, even in the twelfth period following 
de valuation. 


Dynamic Effects of the First 
Nixon Devaluation 


At the end of 1971, President Nixon an- 
nounced an approximate 10% devaluation of 
the dollar (.0789 SDR/$). Because of the con- 
siderabie controversy in the literature about 
the effect of this devaluation on agricultural 
markets, consider a closer empirical examina- 
ticn of ihe issue in the context of the dynamic 
model of this paper. To this end, the impact, 
cumulative, and long-run (equilibrium) multi- 
pLers are computed to determine the (а) short- 
rua impact effect of such a change in the ex- 
change rate, (b) the maximum cumulative ef- 
fect, and (c) the long-run adjustment to such a 
devaluation. These results are presented in 
{азе 4, where numbers in parentheses indi- 
cate the lag period. 

As saggested by the reduced form, the im- 
pect effect of a 10% depreciation of the ex- 
ckange rate is substantial. Corn exports rise 
by ove: 90 million bushels, wheat exports by 
about 24 million bushels, and soybean exports 
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about 8 million bushels. To compensate for 
this dramatic upsurge in exports in the short 
run, domestic demand is curtailed. Hence, 
wheat disappearance falls by 1.7 million 
bushels, with the bulk of the adjustment com- 
ing through a rapid curtailment of wheat in- 
ventories. Also, in the corn market, a substan- 
tial amount of the increase in exports is ac- 
commodated by a disaccumulation of inven- 
tories, while in the soybean market the re- 
sponse is more balanced, with disappearance 
curtailment accounting for approximately 46% 
of the export rise and inventory adjustment 
accounting for the other 54%. The sharp up- 
ward pressure on overall demand which is not 
met immediately by a corresponding increase 
in total availability, of course, leads to a dra- 
matic increase in prices. In such a situation, 
where supply is highly inelastic, an equal per- 
centage increase in price is not surprising, 
and, following the arguments of Chambers and 
Just, suggests perhaps a more than elastic re- 
sponse. Such appears to be the case in table 4, 
where all the short-run exchange rate elas- 
ticities of prices are larger than unity (nega- 
tively). Thus, the impact effect of a devalua- 
tion is dramatic. 

However, such a dramatic increase in prices 
leads to increased production in later periods, 
while further eroding the demand for exports 
as much of the relative price advantage gained 
by the devaluation is lost to subsequent infla- 
tion of domestic prices—a classic problem as- 
sociated with devaluation policies. The long- 
run and cumulative effects reported in table 4 
support this argument. The peak effects on 
exports are reached relatively soon after the 
devaluation. As inflationary tendencies take 
over, the system tends to cycle toward the 
steady-state solution and the effects start to 
wear off. The approximate 10% devaluation is 
associated with a maximum decrease of wheat 
disappearance of about 1 million bushels, corn 
disappearance decreases by about 17 million 
bushels, and soybean disappearance falls by 
about 3 million bushels. In all three markets, 
the bulk of the response can be attributed to 
inventory disaccumulation. Inventories tend 
to be sufficient to weather the devaluation 
(with substantial price increases) because ex- 
ports peak and begin to fall rather soon after 
only two or three quarters. The effect on 
prices seems to dampen rather quickly as a 
result. 

Perhaps the most important questions when 
investigating changes in exogenous variables 
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Table 4. Effect of a 10% Devaluation on the U.S. Agricultural Sector 


Largest Effect Long-Run Effect 











Impact Short-Run of Sustained of Sustained Long-Run 
Variable Effect Elasticity Devaluation Devaluation Elasticity 
-----------2-—---2--------- (Milon bushels)- --------------.-------- 
Wheat disappearance — 1.767 .108 — 1.12 (о) -1.12 .069 
Corn disappearance —21.048 ‚239 = 7.15 (ә) 17.15 194 
Soybean disappearance — 3.605 .203 — 3.16 (e) —-3.16 .178 
Wheat inventories —31.976 .307 — 3.07 (e) —13.07 .125 
Corn inventories —70.371 328 —30.11 (ә) —30.11 .140 
Soybean inventories — 4.196 .088 — 1.79 (=) -1.79 .038 
Wheat exports 33.743 —1.829 «1.15 (3) 27.25 —1.477 
Corn exports 91.420 —4.072 186.03 (2) 71.37 —3.447 
Soybean exports 7.801 —.TI6 8.97 (3) 6.75 —.671 
Еи (5 per bushel)-------------------------- 
Wheat price .284 — 1.242 .181 (>) .181 —.790 
Corn price .332 — 1.903 .240 (2) .240 —1.377 
Soybean price 1.073 —2.643 .879 (ә) ` .879 —2.165 





Note: All figures correspond to the means of data in the sample period. Humbers in perentheses indicate the time horizon in quarters 


corresponding to the largest effect of sustained Cevaluation. 


relate to the total or long-run effects of such a 
change after a new equilibrium has been 
reached. These results are represented by col- 
umns (3) and (4) in table 4. Here, the long-run 
elasticities are particularly importent. A 10% 
devaluation calls forth about a 0.7% long-run 
change in wheat disappearance and about a 
2% change in corn and soybean disappear- 
ance. Wheat inventories, on the other hard, 
fall by about 1.2%, corn inventories by abcut 
1.4% and soybean inventories by less than 
0.£%. In percentage terms, therefore, the 
domestic response in the corn market is much 
more balanced than in the wheat and ccrn 
markets. In the long run, wheat market zd- 
justments tend <o entail inventory responses, 
while soybean market adjustments tend to :n- 
vo.ve consumption responses. 

On the other hand, a sustained cevaluation 
signals dramatic long-run changes in the level 
of grain exports. Wheat exports eventually re- 
spond to a 10% devaluation with a 15% rise, 
corn exports with a 35% rise, and soybean 
exports with a 7% rise. The response of 
domestic price levels to a sustained deprec:a- 
tioa is also interesting. Only wheat price re- 
sponds in an inelastic manner over the long 
run, while both com and soybean prices ap- 
pear to be elastic. Hence, there is further em- 
pirical support for the proposition of possible 
elastic response to exchange rates. Interest- 
ingly, the estimated long-run domestic wheat 
prize elasticity implied by the present study is 
markedly simila- to that suggested by the work 


of Johnson, Grennes, and Thursby. Their re- 
sults suggest that the effect of a 10% devalua- 
tior cn domestic wheat price would be about 
6.9%, while the result here is approximately 
7.9%. Nevertheless, the results here suggest a 
quite elastic short-term impact on domestic 
prices; thus, important income, welfare, and 
allocational effects could be realized as the 
result of such a devaluation, which might be 
ignored in a more long-run type of model. 
Since the Johnson, Grennes, and Thursby 
mode. is apparently static, its inherent struc- 
ture is not designed for and, hence, cannot 
cap-ure the short-run effects investigated 
here. 


Conclusions and Implications 


This paper presents a dynamic, quarterly, 
econometric model of the U.S. wheat, corn, 
and soybean markets designed to investigate 
exchange rate specification and the dynamic 
effects of exchange rate fluctuations on the 
domestic and foreign sectors of these three 
markets. The results indicate that exchange 
rate fluctuation has had a significant real im- 
pac: on agricultural markets by altering the 
volume of exports and the relative split be- 
tween exports and domestic use of the three 
commodities. Hence, the results suggested by 
Miles and Laffer do not appear to be generally 
true for agricultural markets. Although the es- 
timated model is stable, some interesting cy- . 
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clical forces are clearly operative. The dy- 
namic and long-run adjustment of prices and 
exports to changes in the exchange rate is 
particularly interesting. In this context, there 
appears to be empirical support for the major 
hypotheses of the Chambers-Just paper, while 
the results presented are not inconsistent with 
the results of previous modeling efforts such 
as that presented ty Johnson, Grennes, and 
Thursby. For example, for wheat the short- 
run exchange rate elasticity of price is well 
above 1.00 as suggested by Chambers and 
Just, while the long-run elasticity of .79 is well 
below 1.00, as obtained in the static model of 
Johnson, Grennes, and Thursby. In the case of 
corn and soybeans, however, both short- and 
long-run exchange rate elasticities of price are 
well above 1.00. 

A second purpose of this study has been to 
study the dynamic influence of the exchange 
rate on the agricultural economy. The results 
suggest a rather ccmplex and long-term ad- 
justment. Disappearance, inventories, and ex- 
ports adjust somewhat differently among 
crops. For example, the soybean domestic 
demand responds quickly to a devaluation 
while wheat demand responds very slowly. 
Similarly, soybean price tends to adjust more 
quickly, while wheat price adjusts more 
slowly. For all markets, however, exports in- 
crease rapidly and then decline somewhat 
after several quarters. The continued higher 
level of exports is then sustained partially by a 
long-term declining trend in inventories. 
Comparing among crops, price elasticities of 
supply and demand apparently explain why 
soybeans respond to devaluation with a rela- 
tively large price increase and smaller export 
growth, while corn and wheat respond with 
relatively smaller price increases but larger 
export impacts. 

Because the exchange rate is essentially a 
monetary variable, these results have other 
important implications for the agricultural sec- 
tor. For example, an important implication of 
this research is that policy tools, such as open 
market operations, which are usually viewed 
as having little or no effect on agricultural 
markets can have significant impacts via the 
exchange rate. Similarly, fluctuation in other 
monetary variables also can have important 
effects on U.S. agriculture. 

The results further imply that the devalua- 
tions and subsequent floating of the dollar may 
have had important allocational effects within 
the U.S. economy. If, as is generally sup- 
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posed, the devaluation did little to enhance the 
overall balance of trade situation in the United 
States, there is no doubt that an increased 
share in export earnings has accrued to the 
agricultural sector. Ancther factor which must 
be considered with respect to the rest of the 
economy is that the period of study coincides 
almost exactly with the appearance of the Or- 
ganization of Petroleum Exporting Countries 
(OPEC) cartel and the subsequent quantum 
jump in energy costs to agriculture and other 
sectors of the economy. Perhaps the coinci- 
dence of this development is responsible for 
the lack of response of overall U.S. trade bal- 
ances to devaluation. The significant impacts 
observed in agricultural exports, however, 
suggest that the devaluation was, after all, 
quite effective. For example, one might con- 
sider just how much worse the balance of 
trade situation would have been in view of the 
OPEC development without the counter- 
balancing effects of a devaluation on agricul- 
tural trade. 

If the estimates in this study are a reason- 
able interpretation of the data, it appears that 
general trade conditions of the United States 
have an important influence on the agricultural 
economy that may not be realized for some 
time after the relevant policy decisions or 
terms-of-trade observations. More important, 
the contrasting response of different crops to 
general trade and policy developments sug- 
gests the importance of tailoring any counter- 
balancing policies (which may be designed to 
aid adjustments) to the individual sectors of 
the agricultural economy with which they are 
intended to deal. 


[Received November 1978; revision accepted 
April 1980] 
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Major Determinants of Ocean Freight Rates 
for Grains: An Econometric Analysis 


James K. Binkley and Bruce Harrer 


Econometric analysis of ocean grain rates suggests that ship size and trade volume are of 
approximately equal importance with distance in determining rates. Use of large ships 
reduces at-sea costs and hence the role of distance; but larger ships appear to incur 
higher port costs, which suggests that efficient port facilities are required for scale , 
economies to be realized. Policies to improve shipping technology and increase trade 
volume can lead to lower rates, reduce geographic differences among exporters, and thus 
lead to more competitive markets. This implies that the role of transportation in trade 


analysis should not be ignored. 


Key words: freight rates, grain transportation, international trade, ocean shipping, 


ports. 


International trade in bulk agricultural com- 
modities recently has become more important 
to the world economy. Yet economists have 
devoted little attention to international ship- 
ping. Transport costs between countries can 
pose a formidable barrier to trade, similar in 
effect to tariffs and institutional constraints. 
Sampson and Yeats found transport costs to 
be a more significant trade barrier for United 
Kingdom exporis than tariffs; Finger and 
Yeats come to similar conclusions for U.S. 
imports. 

In addition, ocean transportation changes 
can affect the domestic grain transport system 
of major exporters, such as the United States 
and Canada. Jones argues that many studies 
have examined the efficiency of domestic 
grain transportation systems, but little has 
been done internationally. Transport costs are 
thought to reflect unalterable geographic fac- 
tors—primarily distance between traders— 
and, hence, are not policy relevant. Geraci 
and Prewo and Finger and Yeats have 
criticized this viewpoint. Many factors can 
influence rates, and rates need not be directly 
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proportional to distance. For example, rates 
on grain from the U.S. East Coast to Rotter- 
dam are about 10% higher than corresponding 
rates from the U.S. Gulf Coast, even though 
the distance is significantlv less. A further 
problem is that accurate information on ocean 
freight rates and/or costs is difficult to obtain 
(Geraci and Prewo). But without analysis of 
Ocean transport costs, it is difficult to formu- 
late intelligent trade policy, since the effects of 
tariffs and quotas can be confounded with 
those due to transportation. This lack also 
may seriously compromise research in inter- 
national trade, for differences in transport 
costs can be one of the primary sources of 
comparative trading advantages among export- 
ers. 

This study empirically examines the major 
factors accounting for cross-sectional differ- 
ences in ocean freight rates for grains. The 
emphasis is on factors causing relative rate 
differences and not on the level of rates. The 
analysis separates the effect of at-sea costs 
and port costs on rate differences, and esti- 
mates the effects of major port areas on rates. 
Thus, the role of unalterable versus controlla- 
ble factors in determining comparative port 
advantage is examined. 

In the next section, the rationale for the 
approach, hypotheses, and models used in the 
analysis is developed. The data are described, 
followed by the estimation results. In the next 
section, the authors address the role of port 
areas and factors that give shipping advan- 
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tages to some ports. Finally come :he conclu- 
sions of the study. 


Model Formulation 


Most ocean grain trade moves in general pur- 
pose tramp ships or specialized bu К carriers. 
Tramp ships travel no regularly scheduled 
routes, generally being chartered on a single- 
voyage basis. Specialized bulk carriers are 
more regular in their routes traveled and often 
carry grain as a return load for voyages involv- 
ing coal, cars, or other cargo. The market is 
divided between shipper-owned and/or time- 
chartered vessels and single-voyage charters. 
It is the latter that are of interest herz, because 
voyage rates are determined and r2ported in 
this market. Rates are set by shippers and 
shipping firms who bargain througn brokers. 
On the supply side, many shipping firms par- 
ticipate in this market, providing a variety of 
ship sizes and types. There are no real restric- 
tions on entry, and grain shipping operates 
virtually without economic regulations. On the 
demand side, chartering is dominated by five 
. multinational grain firms and by certain gov- 
ernments (H. P. Drewry, Ltd.). This suggests 
that rates are unlikely to deviate from costs for 
long, given the possibility that grain firms may 
expand their existing vessel ownership.! 

Therefore, conventional concepts of cost 
were used to select variables for analyzing rate 
differences. Two equations (described below) 
were estimated. Each was of the following 
general form: 


RATE = f (DIST, SIZE, TERMS, QUART, 
FLAG, VOL, PORT), 


where RATE is rate (dollars per long ton);? 
DIST, voyage distance (thousands of miles); 
SIZE, shipment size (thousands of tons); 
TERMS, loading and unloading terms (ex- 
plained below); FLAG, registry of ships (U.S. 
or foreign); QUART, quarter in which the 
shipment occurred; VOL, volume of grain 
trad2 on route in question, 1972-76 (hundreds 
of shipments); and PORT, origin/destination 
port area of shipment. This formula-ion does 


! Because of the nature of supply in ocean shipping, short-run 
rates often do not reflect costs. Since the data were indexed on a 
1976 basis (described below), annual rate fluctuations were re- 
moved. Thus, it is only important that relative rates reflect relative 
costs differences. 

? A long ton is 2,240 pounds. Throughout the balance of the 
discussion, the word ‘‘ton’’ is understood to mean ''long ton.” 
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not include some factors that affect costs, 
most notably input prices. These are assumed 
to be sufficiently invariant across routes as to 
have no perceptible impact on cross-sectional 
differences. 

Various hypotheses concerning the effects 
of these factors on rates are suggested by pre- 
vious theoretical and empirical results. Obvi- 
ously, increasing distance will increase costs 
and, hence, rates. While the exact nature of 
this effect is basically an empirical question, 
the results of Geraci and Prewo suggest that as 
distance increases, rates increase in a decreas- 
ing fashion. It is expected that rates in the last 
quarter of the year are higher, due to demands 
put on the shipping industry by harvests in 
Northern Hemisphere grain-producing areas 
(O’_oughlin). Ships operating under U.S. reg- 
istrv are known to charge higher rates, due to 
higker costs brought about by U.S. construc- 
tion and operation restrictions. These ships 
depend upon cargo preference laws (e.g., P.L. 
480 and Russian shipments) for survival, and 
essentially operate in markets separate from 
ships of other countries (Cayemberg). 

It is reasonable to expect that as the volume 
of shipments on a route rises, the average rate 
charged will decline, because of favorable ex- 
ternal effects. A more active trade route will 
involve ports with more efficient handling 
facilities, better ship provisioning and main- 
tainence, and perhaps lower probability of 
long waiting times (Bennathan and Walters). 
In addition, a busy route is likely to generate 
more backhaul opportunities and, hence, less 
emp-y mileage. 

The average size of bulk vessels has been 
risinz recently. Because as size of ship in- 
creases, such factors as horsepower and man- 
ning requirements increase less than propor- 
tionzlly, use of larger ships presents a means 
of lo vering costs, at Jeast those costs incurred 
at sea. But there are conflicting views concern- 
ing tne effect of ship size on port costs. Both 
Kendall and Janson and Schneerson have 
claimed that port costs rise with size of ship, 
and -hat optimal ship size depends upon the 
trade-off between at-sea economies and port 
diseconomies. However, Robinson, using re- 
gression on data from the Port of Hong Kong, 
found that larger ships spend less time in port 
than do smaller ships. Heaver and Studer ex- 
amin2d grain shipment data from Vancouver, 
British Columbia, and found that larger ves- 
sels spend more time in port but have faster 
loadiag rates. 
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In this study, a special effort is made to 
examine port costs as they relate to shipment 
size. An aspect of this involves examining in- 
teractions between size of shipment and char- 
ter terms, which determine responsibility for 
loading and/or unloading. There are three 
types of terms employed in the grain trade: 
‘free in and out," ir. which the charterer pays 
both loading and unloading; ‘тее discharge,’ 
in which the charterer pays unloading but the 
shipowner pays loading; and ‘‘gross terms," 
. in which the shipowner pays both.? Any varia- 
tions in these charges for different shipment 
sizes can provide information on the relation- 
ship between size of vessel and cargo-handling 
costs. There are port costs other than loading 
and unloading, such as ship waiting, move- 
ment in and out of the harbor, berth changes, 
and pilotage. These are reflected in rates; and 
if there exist port diseconomies and at-sea 
economies, one would expect the function re- 
lating rates charged by large ships to distance 
to have a larger intercept than the correspond- 
ing function for small ships (reflecting higher 
port costs) but a smaller response to distance 
(reflecting lower at-sea costs), apart from the 
effect of charter terms. 

In order to examine these hypotheses, two 
linear models are estimated using ordinary 
least squares (OLS). The first is a relatively 
simple form, designed to examine the ‘‘aver- 
age" effect of the variables described above. 
The second model is more complex, intended 
to explore issues dealing with economies of 
scale, port costs, and at-sea costs. The depen- 
dent variable in each equation is the rate in 
dollars per long ton. The independent vari- 
ables in the first equation are distance and 
distance squared, stipment size and shipment 
size squared, volume of trade, and dummy 
variables for U.S. ship registry, gross terms, 
free discharge, and quarter in which the ship- 
ment occurred. Tke second equation is a 
covariance model (Johnston), in which 
coefficients needed to examine hypotheses 
dealing with scale economies are permitted to 
vary across shipment size classes. A set of six 
shipment size classes is substituted for ship- 
ment size and its square. Interaction variables 
between these and the two shipping term 
dummy variables are added, and slope shifter 
variables for the shipment size class variables 


3 The obverse of free discharge, in which the charterer pays 
loading and the shipowner pays unloading (known as ''f.o.b. 
terms") is seldom, if ever, used in grain shipping. 
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on distance and distance squared are incorpo- 
rated. This model also contains a set of port 
origin and estimation dummy variables, which 
will be discussed in a subsequent section. 

Some words on the research methods used 
are appropriate. Linear equations (as opposed 
to a log form) are used to permit the separation 
of fixed (port) costs and variable (at-sea) 
costs, since port costs affect rates in an addi- 
tive rather than a multiplicative fashion. The 
only real difficulty with the procedure relates 
to aggregation bias (Theil). The data used are 
observations on individual grain movements. 
Given the large number of factors likely to 
affect rates charged on a given shipment, it is 
clearly not possible that the variables used in 
the analysis have homogenous effects across 
observations. Thus, the results should be in- 
terpreted not as estimates of the response of 
rates on individual shipments but as represen- 
tative of tendencies existing in ocean grain 
shipping. Although numerical results are of 
interest, the primary purpose of the study is to 
identify the relative role of major factors af- 
fecting ocean grain rates. 


Data 


The data used for the study are published ship 
charters for all grains and soybeans (Maritime 
Research). These list information on origin, 
destination, and tonnage of the shipment, 
name and flag of registry of the ship, rate, and 
shipping terms. All 1972—76 charters so pub- 
lished were compiled, yielding 9,356 observa- 
tions. 

Certain data modifications were performed. 
In order to eliminate the year-to-year variabil- 
ity characteristic of ocean freight rates, an in- 
dexing procedure was used to put all data on a 
1976 basis. The indexes were constructed by 
calculating mean rates for all years, and then 
taking the ratio of the 1976 mean to that for 
each year. The rates were multiplied by the 
appropriate index. Different indexes were 
constructed for the major trading routes, and 
an overall index was used for others. 

Because there are in excess of 1,000 indi- 
vidual origins and/or destination points in the 
sample, ports were aggregated into 16 origin 
and 34 destination regions, each with a basing 
point. The distances used in the analysis were 
based on these points and were obtained from 
the Marine Distance and Speed Table (Ed- 
ward W. Sweetman & Co.). 

Because the published charters do not ac- 
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count for all movements, a proxy variable for 
the number of shipments was constructed. For 
each exporting country, the total volume of 
grain exports for the sample period was ob- 
tained (FAO). This was compared to total ex- 
ports from each country represented in the 
sample.* The ratio of the former to the latter 
was calculated, and then the number of ship- 
ments in the sample from each port area was 
augmented by dividing it by the ratio for the 
country in question. 

Table 1 presents some characteristics of the 
sample. There is strong evideace of scale 
economies, because average rates steadily de- 
cline as average shipment size increases. Also, 
loading costs appear to be much smaller than 
unloading costs (since the difference between 
gross terms and free-in-and-out far exceeds 
that between gross terms and free discharge). 
There is evidence that total hand'ing costs can 
easily exceed at-sea costs, which supports the 
criticism made by Jansson and Schneerson of 
previous work: ‘‘Current ship-optimizing 
models are heavily 'at-sea biased’ in spite of 
the fact that the costs incurred in port are 
generaly of a comparable order or mag- 
nitude" (p. 288). 


Empirical Results 


The estimation results for the t'vo equations 
are presented in table 2. First we will em- 
»hasize the ‘‘average’’ effects of zhe variables, 
equation (1). Then various interaction effects 


* The sample comprised the following percen-ages of exports by 
major grain producers for 1972-76: United States, 42%; Canada, 
31%; Brazil, 48%; Argentina, 35%; Australia, 16%; South Africa, 
4196; France, 396. 
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among the variables, equation (2), will be dis- 
cussed. 


Listance 


As expected, equation (1) results indicate a 
nonlinear effect of distance. While the coef- 
ficient on distance is positive (1.988), the 
negative coefficient on the square of distance 
(—.061) implies a declining effect as distance 
increases. For example, the increment in 
going from a 3,000- to a 4,000-mile voyage is 
estimated to be $1.56 per ton. The correspond- 
ing increment for 5,000 to 6,000 miles is $1.31. 
Thus, even relatively large differences in dis- 
tance between traders may not necessarily 
generate substantial trading advantages, at 
least in the typical case. 


Shipment Size 


From equation (1), the estimated coefficients 
on shipment size and shipment size squared 
(—.387 and .004, respectively) suggest the 
presence of scale economies over a large but 
not unlimited range. Based on data for free- 
im-and-out shipments in table 1, the average 
elasticity of rates with respect to shipment size 
is —.33. Increasing size by 5,000 tons from the 
sample mean reduces the per ton rate by 71g. 
However, the effect of size on per unit rates 
becomes positive at approximately 50,000 
tons, indicating diseconomies beyond that 
point. This almost surely cannot reflect rising 
al-sea costs, since at-sea economies are prob- 
ably unlimited (Jansson and Schneerson). 
Thus, this evidence of diseconomies is likely 
to represent port costs, an issue explored be- 
low. 





Table 1. Rates, Sizes, Terms, and Distances for Sample Data 
Number of 
Shipment Size Shipments 
(Thousands of Tons) 
Less than 10 _ 583 
10-20 2,559 
20—30 1,066 
20—40 1,170 
40-50 432 
50+ 546 
Terms 
Free-in-and-out 6,233 
Free discharge 2,945 
Gross terms 178 


Average 
Average Shipment Average 
Rate Size Distance 
($) (Tons) (Miles) 
24.21 — 4,787 
78.38 — 5,779 
15.00 — 6,246 
13.49 — 6,441 
13.11 — 6,195 
11.95 — 5,540 
14.10 25,446 — 
20.67 19,360 — 
38.03 24,065 == 
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Table 2. Regression Results 




















MODEL 1 MODEL 2 

Variable Coefficient t Coefficient t 

1. Constant 12.805 29.04 5.369 6.16 
2. U.S. ship registry 11.390 41.92 10.621 38.83 

3. Shipment size (1,000 tons) —.387 —22.04 — — 

4. Shipment size squared .004 15.45 == — 

5. Distance (1,000's miles) 1.988 14.93 3.408 9.88 

6. Distance squared —.061 —6.22 —.145 ~5.05 
7. Number of shipments on 

route, 1972-76 (100's) —.254 —22.50 —.125 ~6.72 

8. January-March —2.901 — 14.98 —2.273 – 12.37 

9. April-June — 1.436 —7.45 —1.141 —6.35 
10. July-September —1.145 —5.93 —1.219 —6.78 
11. Gross terms 11.058 20.58 12.365 10.63 
12. Free discharge 2.908 17.55 1.474 2.51 
Shipment size intercept. shifters 
13. Tons 2: 10,000 = tons < 20,000 — — 2.251 2.56 
14. Tons 3: 20,000 = tons < 30,000 — — .836 .68 
15. Tons 4: 30,000 = tons < 40,000 — — 6.259 3.21 
16. Tons 5: 40,000 < tons < 50,000 — — 6.575 1.92 
17. Tons 6: tons =-5),000 — — 6.272 2.10 
Interactions between size and terms 
18. Tons 2 and gross :erms — — —2.497 -1.79 
19. Tons 3 and gross zerms — — —6.285 —3.93 
20. Tons 4 and gross ierms — -— —9.138 —4.47 
21. Tons 5 and gross terms — — —4.606 —1.80 
22. Tons 6 and gross terms — — —11.863 —5.52 
23. Tons 2 and free discharge — — —.096 —.15 
24. Tons 3 and free discharge — — 1.531 2.42 
25. Tons 4 and free discharge — — 2.18€ 2.86 
26. Tons 5 and free discharge — — 4.541 3.87 
27. Tons 6 and free discharge — — | 6.510 4.38 
Slope shifters for distance 
28. Tons 2 with distance — — ~ 1.674 —4.42 
29. Tons 3 with distance — — ~1.82¢ —4.18 
30. Tons 4 with distance — — —4.127 —6.44 
31. Tons 5 with distance — — —4.741 —4.39 
32. Tons 6 with distance — — —4.515 —4.65 
33. Tons 2 with distance squared — — .112 3.60 
34. Tons 3 with distance squared — — : 97 2.80 
35. Tons 4 with distance squared — — .264 5.52 
36. Tons 5 with distance squared — — .330 4.20 
37. Tons 6 with distance squared — — .299 4.09 

Е? E .49 .56 





Shipping Terms 


The estimated coefficients on the dummy vari- 
ables denoting shipping terms indicate that 
rate differentials attributable to handling costs 
are substantial but lower than implied by the 
data in table 1. The coefficient for gross terms 
suggests that inclusion of loading and unload- 
ing in the rate leads to an average increase of 
about $11 a ton; the corresponding increase 
for loading is $2. T'he difference in the regres- 


sion results relative to a comparison of sample 
means implies that different shipping terms are 
quoted under different average circumstances. 
For example, the average distance for ship- 
ments quoted as free discharge is lower than 
that for the other categories (table 1). 


Volume of Trade 


In both models, the negative coefficient on the 
number-of-shipments variable and the level of 
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statistical sign:ficance, particularly in equation 
(1), suggest external economies in ocean ship- 
ping, perhaps of fairly substantial practical 
significance. The estimated coefficient f-om 
equation (1) {—.25) implies that increasing 
saipments on a route by 100 over a five-vear 
period (e.g., a sustained increase of 20 per 
узаг) would tend to be associated with a rate 
reduction of about 25g a ton. This does not 
mean increasing trade volume (for whatever 
reason) will automatically lower rates. Part of 
the effect identified may reflect the presence of 
ezficient port facilities, which are associated 
with high volume routes. The volume may jus- 
tify the improved facilities, which in turn kead 
to lower rates. On the other hand, trade ~ol- 
ume itself may generate lower rates through 
ircreasing the availability of backhauls. Rele- 
vant to this, estimation of the second equation 
(which suggests that volume is of lesser impor- 
tence than does the first) with no destination 
variables but with port origin variables yielded 

: a coefficient virtually identical to that in equa- 
tion (1). The decline in magnitude with the 
addition of port destination variables implies 
that part of the volume effect reflects backkaul 
availability at cestinations. Again, however, it 
could be reflecting the presence of efficient 
off-loading facilities. It is difficult to determine 
whether the negative correlation betw2en 
rates and volume is direct or due to joint co-re- 
lation with other factors. Undoubtedly both 
effects are present. 


O:her Factors 


For both models, the magnitude of: the 
ccefficient deroting U.S. flag vessel ($10- 
$11/ton), coupled with its extremely high level 
of statistical s:gnificance, certainly supports 
the viewpoint that U.S. and foreign flag ves- 
sels operate in different markets.5 This лаз 
important implications for any policy designed 
to expand cargo preference laws for U.S. 
shipping, as occasionally has been proposed. 
The estimated coefficients on the seasomal 
variables indicate that rates in the last quarter 


* However, estimates made by the Office of Management and 
Budget and reported in The American Shipper are considerably 
higher. For the pericd 1972-76, OMB's calculations indicated а 
per-ton rate subsidy ranging between $13.87 and $33.29, coasid- 
erebly higher than the estimates of $11.00 obtained here. Part of 
this difference stems from the fact that the present study was 
confined to bulk shipments; shipments of bagged grain were еіті- 
nated. Some P.L. 486 shipments involve bagged grain, and these 
mcve at high rates, generally at least twice the magnitude of tiose 
for bulk shipments. 
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of the year are highest. The lowest rate occurs 
in the irst quarter, perhaps caused by the clos- 
inz of several important port areas during the 
w:nter months, temporarily increasing the 
supply of ships for other port areas, and from 
seasonal drops in export demand. 


Interaction Effects 


As sta:ed above, in equation (2) shipment size 
dumm; variables are used in lieu of a continu- 
015 variable, with interactions between these 
and other variables. The size classes are the 
same as those in table 1, necessitating five 
dumm; variables, with the smallest size class 
being Һе ''omitted" class from the dummy 
se:. Hence, coefficients on variables involving 
these classes measure differences as com- 
pared со the smallest class. 

The estimated coefficients for interaction 
variables between shipment size and terms 
display opposing tendencies. For gross terms, 
they exhibit a downward trend in the premium 
charged for loading and unloading as shipment 
size increases. The corresponding estimates 
involving interaction between shipment size 
and free discharge (which only involves load- 
ing) exhibit an opposite trend. These results 
sugges. economies of scale in discharging 
cargo and diseconomies in loading, which 
dozs net accord well with expectations. 
Grain-loading ports tend to have more special- 
ized facilities than receiving areas (Cargo Sys- 
teris). Thus, if inadequate port facilities in- 
hibit the use of larger ships, larger vessels 
should incur higher costs for unloading rather 
then loading. The result is especially puzzling 
in view of the fact that many charters quoted 
under gross terms are destined for less devel- 
op2d countries, which are known to have lim- 
ited facilities (see table 4 below). Evidently, 
there aze specific factors at work that are not 
represented in the data, such as a tendency for 
free discharge to be specified for shipments 
arising from ports with limited facilities. This 
camnot be examined because published char- 
ters rarely state the exact port of origin, and 
port areas have significantly differing facilities 
(even within a single port).® 

Given the number of observations involved, 
it в doubtful that the results with respect to 
grcss terms reflect general tendencies of the 


é Table 4 below indicates a greater tendency for free discharge 
to bz speccfied from certain ports areas than from others. Thus, the 
restits with respect to free discharge probably do reflect some рол 
specificity and, о? more importance, individual facility specificity. 


т 
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population.’ The results for free discharge are 
more credible, although possible aggregation 
bias suggests they, too, should be interpreted 
with caution. The indication is that loading 
costs increase rather sharply with ship size. 
One would expect this to be less true for ports 
with superior facilities than for those with lim- 
ited facilities. Grair-handling terminals spe- 
cifically designed to accommodate large vessels 
as well as small do exist, and large ship-load- 
ing disadvantages can at least partially be 
overcome (H. P. Drewry; Cargo Systems). 
The estimation results can be viewed as indi- 
cating that the benefits from modernized 
facilities may be substantial. 

The other interaction effect examined was 
to determine whether the functions relating 
rates to distance vary across shipment size 


class. This involved the intercept shifters . 


(variables 13 througk. 17) and the slope shifters 
for distance (variables 28 through 32) and dis- 
tance squared (variables 33 through 37). In 
general, the estimation results support the dis- 
economies in port, economies-at-sea hypothe- 
sis, but not overwhelmingly. The shipment- 
size intercept shifters display a vague upward 
trend, but it is not consistent, and the esti- 
mates carry a fairly low level of statistical 
significance. But the general tendency is for 
the intercepts (and hence port costs other than 
cargo handling) to rise with shipment size. 
The slope shifter for distance indicates a 


. tendency for the slope coefficient on distance 


to decline for larger shipment sizes, implying 
that, as distance increases, rates do not rise as 
much for large shipments as they do for small. 
But the slope shifter for the square of distance 
produces an opposite effect: as shipment size 
increases, so does the coefficient on distance 
squared. For the larzer shipment size classes, 
the overall shape cf the estimated function 
relating rates to distance is that of a U. The 
downward-sloping portion occurs for short 
distances (few large shipments move short dis- 
tances) and probably reflects a confounding 
with port costs, as represented by the inter- 
cept. Within the range of typical voyage dis- 
tances (2,500 to 8,000 miles), the function im- 
plies a much smaller rate increase as voyage 
lengthens than is true of the lower size 


7 There were only sixteen charters in the largest tonnage class 
quoted under gross terms, twelve of which were on two routes. 
The results imply virtually no charge for cargo handling for this 
size class. This cannot be accepted as a characteristic of the 
population. 
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classes. The portion of the function where, 
due to the effect of distance squared, the slope 
is positive and increasing (implying a rise in 
rates more than proportional to the increase in 
distance) occurs for high values of distance. 
This surely does not reflect ship-operating 
characteristics. A plausible explanation is that 
longer voyages are usually outside major trad- 
ing routes, often bound for less developed 
countries (LDCs), and are thus somewhat 
atypical. However, there may be some inher- 
ent disadvantages to using very large ships on 
long routes, relating to difficulties of finding 
backhaul traffic to use vessel capacity 
efficiently, particularly from LDCs. 


Analysis of Port Areas 


A producer’s competitive position in the world 
grain trade depends upon its comparative ad- 
vantage in shipping as well as in production. 
An obvious component of the former is close- 
ness to markets. This study provides evidence 
that distance may be of relatively small conse- 
quence if large vessels are employed, suggest- 
ing that a critical factor in shipping advantage 
is the nature of port systems at origins and 
destinations. The type of port facilities avail- 
able, including channel depths, determine the 
types of ships that can be handled efficiently. 
A second factor is the location of ports with 
respect to major trading routes. The effect of 
trading volume on rates suggests that ship 
availability can affect a port area’s compara- 
tive advantage, and hence a port area along a 
major trading route may enjoy lower shipping 
rates than one less favorably located. 

In table 3 appear the average shipment size 
and average rate charged for the sixteen major 
port origin areas included in the sample data, 
and for four destination areas: North Central 
Europe, Japan, LDCs, and the rest of the 
world.? The former two are the only major 
importing areas for bulk agricultural commod- 
ities with highly developed port facilities (Bulk- 
Systems International). LDCs generally are 
located outside major trade routes and have 
limited facilities. There are significant ship- 


* For example, in going from a 3,000- to 5,000-mile voyage, the 
estimated incremental per ton charge in dollars is (by increasing 
size class) 2.38, 2.94, 2.38, .47, .30, .27; for an increase from 5,000 
to 7,000 miles, it is 5.44, 4.30, 1.99, 1.42, 1.76, 1.49. 

? The choice of LDCs was based on the criterion of countries 
with 1978 per capita income of $478 or less (U.S. Department of 
State). These are basically India, Pakistan, Bangladesh, and most 
of Africa. 
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Table 3. Origin Port Area Data and Regression Results for Port Variables 








Average 
Number of Grcss Free Average Shipment ^ Regression T 
Port Area Observations Terms Discharge Rate ($/ton) Size (tons) Coefficient Statistic 
Origins 
U.S. Gulf 4,386 72 838 11.94 26,689 — — 
Brazil 362 G 14.28 18,453 1.143 2.94 
Argentina 64- ü 580 17.75 18,041 —.358 -1.09 
California 64 S 26 18.10 15,376 .856 1.09 
U.S. North Pacific 722 6 552 21.79 20,877 3.493 12.41 
Canada, West Coast 192 le 56 16.39 20,544 1.716 3.48 
Canada, Great Lakes 135 G 11 17.90 15,580 5.389 9.27 
U.S. Great Lakes 631 A 55 17.13 17,619 4.753 15.32 
Canada, East Coast 45 C 5 6.98 22,790 —2.307 —2.36 
Canada, St. Lawrence 467 li 68 9.38 28,194 —.519 — 1.48 
U.S. East Coast 919 E 117 11.12 25,133 —1.006 —3.78 
France 102 = 22 14.82 16,381 —.375 —.59 
South Africa 37: Є 360 13.90 15,721 — 2.599 —6.22 
Thailand 22 1 2 16.00 14,258 —2.589 —1.95 
Australia, West Coast 100 C 98 18.51 20,345 1.346 2.04 
Australia, East Coast 19: С 141 17.40 20,757 2.776 5.69 
Destinations 
Less developed countries 1,062 115 701 24.91 23,410 4.137 16.69 
Japan 1,255 C 407 12.36 23,360 —2.422 —8.63 
North Central Europe 2,102 1 194 9.73 31,683 —1.207 —4.62 
Rest of world 4,932 SE 1,640 15.36 19,976 — — 





ment size differences among ports, with а 
negative association between size and rate. 
The association is not perfect, of course, due 
to the complexity of the relation between rates 
and size and the presence of otter differences 
among port areas that impact on rates. Some 
of these are included in the regression models 
above. However, others are not. To account 
for these, a set of fifteen origin dummy vari- 
ables and a set of three for destinatiors are 
included in equation (2). The regions omitted 
from these two sets were the U.S. Gulf and the 
rest of the world, respectively. 

The resulting regression coefficients appear 
in table 3. These indicate that, after allowing 
for the other factors in the ecuation, some 
significant differences in shipping rates from/ 
to port areas remain. The results generally 
support the hypothesis that races from port 
areas near major trading routes (e.g., South 
Africa, the eastern part of the United States, 
and Canada) are lower than those from areas 
less favorably located (e.g., the Great Lakes 
area, the North Pacific Coast, Australia). 

The data in table 3 indicate that LDCs are 
at a competitive disadvantage in world agricul- 
tural trade. The average rate to LDCs is more 
than twice that to North Centre] Europe and 
Japan and substantially above the average to 
other areas. Much of this is 2vidently ex- 
plained by factors in equation (2), for ciffer- 


ences in dummy variable coefficients are 
smaller than differences between sample 
means. Such factors include a dispropor- 
tionate use of U.S. ships and charters involv- 
ing handling costs; also, LDCs are relatively 
far from producing areas and have low trade 
volumes. Even though shipment sizes are rea- 
sonably large, the distance from exporters and 
major trading routes evidently negates any ad- 
vantages from use of large ships, as noted 
above. The remaining LDC disadvantage (as 
measured by the dummy variable) probably 
reflects the costs of inadequate ports. Con- 
versely, the negative coefficients for the 
Europe and Japan dummy variables suggest 
some combination of the effect of major trad- 
ing routes and efficient port facilities. 

Using study results, the analysis of shipping 
advantage can be extended. As an example, 
shipments to North Central Europe from sev- 
eral port areas active in that trade were exam- 
ined. Because the Gulf is the major exporting 
area to Europe, the Gulf region was used as a 
standard of comparison. The results of the 
procedure appear in table 4. The first column 
is the difference between the average sample 
rate from the origin to Europe and. the corre- 
sponding rate from the U.S. Gulf (which was 
$5.82). The U.S. Gulf has a comparative ad- 
vantage in this trade, with substantially lower 
rates than South American or Great Lakes 
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Table 4. Analysis of Rate Differences between Major Origins and North Central Europe, as 


Compared to U.S. Gulf 

















Ditference 
Due to Distance Due Due to 
and : to Volume of 

Origin Area* Actual Shipment Size Distance Trade 
Brazil 6.65 3.10 36 2.35 
Argentina 11.20 5.55 1.13 2.28 
Canada Great Lakes 11.07 3.08 —.35 2.42 
U.S. Great Lakes 10.07 2.55 —.31 1.77 
Canada East Coast —.93 —.60 —.98 2.64 
Canada St. Lawrence 15 — 53 —.88 2.16 
U.S. East Coast .62 .07 —.71 1.88 





? In the order of origins on the table, the distances are (in nautical miles) 5,446, 6,360, 4,369, 4,444, 2,796, 3,178, 3,636; U.S. Gulf = 


- 4,939. Average shipment sixes were 20,992, 16,189, 15,619, 18,426, 26,203, 38,339, 28,730; U.S. Gulf = 42,887. The number of 


observations were 147, 126, 75, 322, 20, 140, 284; U.S. Gulf = 923. 


origins. Only Eastern Canada has a lower 
sample rate. The remaining columns were 
computed from equation (2). For each origin, 
the percentage of traffic on this route in each 
of the six shipment size classes was computed. 
Using the appropriate distances, the rate for 
each tonnage class between the sets of points 
was estimated, ignoring all factors other than 
distance and the intercepts. Based on the per- 
centages, a weighted average rate was com- 
puted. The second column is the difference 
between the weighted rate for each origin and 
that of the Gulf. It -hus estimates the advan- 
tage of the Gulf cue to its distance from 
Europe and its shipment size distribution. 
Column three was computed in the same fash- 
ion, except that the shipment size distribution 
for the Gulf was used for all origins. Since 
shipment sizes for all origins are equalized, 
this estimates the role of distance alone in 
determining advantage. The last column is 
(negative of) the difference between the esti- 
mated rate reduction on each route caused by 
trade volume and the reduction for the U.S. 
Gulf. In the table, positive entries denote a 
comparative advantage for the U.S. Gulf, 
negative entries a disadvantage. 

Based on this procedure, the U.S. Gulf has 
an advantage due to volume and size. (The 
conclusion concerning size follows from com- 
paring column 3 to column 2). The trade vol- 
ume advantage underscores the importance of 
domestic-export transport inter-relationships, 
for the Gulf’s location with respect to inland 
transportation (particularly the Mississippi 
River) gives it a high level of shipping activity. 
It is only for distance that the Gulf has any 
comparative disadvantage. Note that, if all 


origin areas had a shipment size distribution as 
favorable as the Gulf’s, the effect of distance 
on this trade would not be particularly strong. 
The maximum differential attributable to dis- 
tance under this procedure is about $2.00 a ton 
(Canada East Coast vs. Argentina). 

Distance, shipment size, and trade volume 
do not explain all the differences in the sample 
rates in column 1. Other factors in the equa- 
tions also play a role. But many of these also 
reflect port characteristics, such as adequacy 
of handling facilities and harbors and location 
relative to major areas of shipping activity, 
and are related to distance, shipment size, and 
trade volume. Although the decomposition of 
ocean freight rates into identifiable compo- 
nents is quite difficult, the results of this study 
indicate that distance, shipment size, and 
trade volume are primarily responsible for rate 
differentials, and that generally none is domi- 
nant. 


Implications and Conclusions 


The most important implications of this study 
pertain to the relationship between interna- 
tional shipping and the comparative position 
of countries in the world grain trade. At pres- 
ent, North American producers dominate this 
trade, with the U.S. and Canada accounting 
for over two-thirds of seaborne grain ship- 
ments. Much of this developed because of 
production efficiencies (Johnson). However, 
these countries have transportation advan- 
tages: they are well-located with respect to 
major markets and have relatively. efficient 
ports, many with a high level of shipping activ- 


56 February 1981 


ity. The continuing growth in trade gives other 
producers incentive to improve both produc- 
tion methods and export marketing, leacing to 
a more competitive trade environment. 

The trend toward improved grain-haadling 
facilities and larger vessels suggests a decline 
in the role of distance in determining patterns 
of international trade. The study results show 
that larger ships lead to lower a:-sea transport 
charges. The measurement of the interaction 
between ship size and port costs did not yield 
a clear-cut answer, but the evidence »oints 
toward a positive relationship. If this is so, 
inadequate port facilities will hinder farther 
savings in shipping. This is probably why 
some major exporters recently have made 
substantial port investments. Such iavest- 
ments are likely to be the primary soucce of 
future cost savings in export grain handling. 
Port areas that make them will benefit vis-à-vis 
those that do not. 

The results show a negative association be- 
tween a route's grain trade volume and ship- 
ping rates. While this reflects the association 
between traffic volume and efficient port 
facilities, such factors as backhaul avail- 
abilities and ship maintenance are partly 
responsible for this finding. These exterr.al ef- 
fects, in the ‘ong run, may be the most impor- 
tant source of rate differentials among ship- 
ping areas. The volume of seaborne trace de- 
pends on many factors outside the discretion 
of individual traders. However, trade policy 
can affect trade volume. Countries restricting 
imports not only reduce backhaul oppor- 
tunities for ships carrying exports, they may 
find that reduced trade makes investment in 
port facilities less attractive. 

The importance of shipping density has 
other implications. Small importers may not 
be able to generate sufficient trade to benefit 
from high levels of shipping activity, and their 
erratic demand may preclude the construction 
of efficient grain off-loading facilities (Carge 
Systems). Thus, gains may arise if certain 
well-developed ports serve as transshipment 
centers, with small vessels serving as the dis- 
tribution system, a procedure used in Eu-ope. 
But institutional and geographic constraints 
may inhibit its application elsewhere. Thus, 
LDCs may find themselves at a continuing 
disadvantage in world trade, worsening prob- 
lems brought by rising food and fuel prices. 

For an exporter with several port areas, 
such as the United States and Canada, port 
expansion decisions should include the effects 
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of the density factor. The results imply that 
expansion should occur in the areas with rela- 
tively heavy ship traffic. But optimal port im- 
provement and location depend upon the 
trade-off between inland and export transpor- 
tation costs. The efficiency of the U.S. export 
grain transport system perhaps could be en- 
hanced by a combination of domestic trans- 
port changes (such as the introduction of 
long-haul unit trains to certain ports) and port 
improvements. But neither change may be jus- 
‘ified without the other, and it is difficult to 
2ffect such changes without coordinating pol- 
cy. Knowledge of both domestic and export 
cransportation, such as that provided by this 
study, will assist in evaluating these tradeoffs. 

Finally, the study results indicate that rela- 
zive transport costs between producers and 
:mporters do not necessarily, nor even primar- 
Ју, reflect unalterable geographic factors, but 
are more a function of transport and port tech- 
30logy and overall patterns of trade, both of 
"which are policy-relevant. This suggests that 
the effects of changes in international trans- 
Dort costs on trade is itself worthy of study, 
and that international trade research which 
does not consider transportation factors may 
be based on misconceptions and may generate 
erroneous conclusions. 


[Received January 1980; revision accepted 
August 1980.] 
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Rural Financial Market Performance: 
Implications of Low Delinquency Rates 


Robert C. Vogel 


In contrast to most developing countries, nonrepay ment of agricultural loans has not 
been a problem for the Costa Rican banking system. Delinquency rates have in fact been 
lower for agricultural than nonagricultural loans and lowest on loans to small farmers. 
This good perfcrmance is due largely to efficient techniques developed for gathering 
information about potential borrowers and incentives for borrowers to repay promptly to 
maintain access to bank loans which carry interest rates substantially below equilibrium. 
The pattern of low delinquency rates reflects the structure of low interest rates which 
causes farmers. especially small farmers, to be rationed most severely. 


Key words: agricultural credit, Costa Rica, credit rationing, delinquency rates, interest 


rates. 


Low rates of delinquency and default often 
have been the primary criterion used to mea- 
‘sure the success of agricultural credit pro- 
grams in developing countries. This wide- 
spread concern with good repayment records 
is amply documented in various volumes of 
the Agency for International Development's 
(AID) Spring Review of Small Farmer Credit 
(Gonzalez-Vega). Low default and delin- 
quency rates are said to be particularly 
praiseworthy because they indicate tha: lend- 
ers are careful in their selection of borrowers 
and forceful in their collection of loans. Good 
repayment records also are said to irdicate 
that loans are being allocated to productive 
activities because enough additional income is 
being generated to repay the loans. 

This paper argues that low default and de- 
linquency rates do not necessarily irdicate 
that an agricultural credit program is perform- 
ing satisfactorily. This does not mean that 
good repayment records are not necessary for 
a successful credit program, but rather that 
they are not a sufficient condition for s-ccess. 
The overriding concern with loan repayments 
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can be explained, if not justified, by the high 
delinquency rates which typically have 
plagued agricultural credit operations in de- 
veloping countries. In contrast to the wide- 
spread repayment problems reported by Bot- 
tomley (pp. 282-7), Donald (pp. 137-53), the 
World Bank (pp. 140-3), and the AID Spring 
Review, low delinquency rates characterize 
agricultural credit operations in Costa Rica, 
the case to be examined in this paper. How- 
ever, these low delinquency rates have been 
achieved in part at the cost of a perverse selec- 
tion of borrowers; that is, small farmers who 
are supposed to be the main beneficiaries of 
the Costa Rican agricultural credit system are 
in fact rationed more stringently in their ac- 
cess to credit than other classes of borrowers. 

The evidence on delinquency rates in Costa 
Rica presented in the next section of this paper 
shows not only that overall delinquency rates 
are quite low, but also that delinquency rates 
tend to be lower for agricultural than for 
nonagricultural loans and lowest on loans to 
small farmers. This unusual pattern is worthy 
of detailed analysis, if not emulation. How- 
ever, the analysis which follows reveals nega- 
tive as well as positive aspects to this pattern 
of delinquency rates. The Costa Rican agricul- 
tural credit system is worthy of emulation in 
that it efficiently processes information about 
the probable repayment performance of poten- 
tial borrowers and provides incentives that 
encourage borrowers to repay promptly. One 
of the main incentives for prompt repayment is 
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the promise of continued access to credit at 
interest rates substantially below market 
equilibrium, but this interest rate structure 
also provides lenders with an incentive to lend 
only to those small farmers who are judged to 
be Jess risky than potential borrowers in other 
categories. Moreover, the subsidy implicit in 
these below-equilibrium interest rates makes it 
impossible to conclude that good repayment 
records show that loans are being allocated to 
productive activities. 


Evidence of Low Delinquency Rates 


The banking system in Costa Rica consists of a 
central bank and four commercial banks, all 
owned by the government of Costa Rica. 
These four commercial banks are the predom- 
inant source of agricultural credit in Costa 
Rica and provide virtually all of the institu- 
tional credit for agriculture (see Vogel and 
Gonzalez-Vega, especially pp. 10—35, 147). 
The commercial banks also lend substantial 
amounts for nonagricultural purposes, but ag- 
ricultural lending (including both crops and 
livestock) is the primary component and com- 
prises almost half of the total portfolio (see 
Banco Central de Costa Rica). The first set of 
data on delinquency rates to be examined per- 
tains to all four commercial banks and in- 
cludes nonagricultural as well as agricultural 
loans. For two commercial banks, more de- 
tailed information is available on delinquency 
rates for agricultural loans, and these latter 
data provide the basis for most of the main 
conclusions. 

Delinquency rates for the commercial de- 
partments of the four banks as of the end of 
each year 1969-74 are reported in table 1. 
These delinquency rates are measured by the 
total value of loans with any payment of inter- 
est or principal overdue as a percentage of the 
total value of loans outstanding. However, 
some researchers, such as Donald (pp. 138—9), 
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have suggested that delinquency rates might 
better be calculated on the basis of the value of 
loans disbursed or falling due during a year. In 
the case of Costa Rica, such altzrnative bases 
for calculating delinquency rates would make 
little difference. Because of the predominance 
of short-term loans, the amount falling due 
each year has averaged over 80% of the 
amount outstanding at the end oZ each year, so 
that delinquency rates calculated on this basis 
would be only slightly higher than the rates 
reported. Delinquency rates calculated on the 
basis of amounts disbursed actvally would be 
slightly lower than the rates reported because 
of the approximately 20% per year growth in 
lending. 

The data in table 1 initially seem to suggest 
that delinquent loans may be a problem for 
Costa Rican commercial banks as approxi- 
mately one-third of credit outstanding is over- 
due. However, only 3%-4% have payments 
more than one year overdue, and the percent- 
age of credit between ninety-one days and one 
year overdue has declined ove- the 1969-74 
period. Moreover, the high proportion of 
credit with payments between one and ninety 
days overdue should not be taken to indicate a 
serious delinquency problem Lecause it re- 
flects primarily Costa Rican banE policy. Judi- 
cial proceedings against delinquent borrowers 
are not initiated until paymen-s are ninety 
days overdue; but thereafter, delinquent bor- 
rowers are actively pursued. Judicial proceed- 
ings may be suspended if an agreement can be 
reached for reasonably prompt repayment, so 
that only about half the credit more than ninety 
days overdue is actually under judicial pro- 
ceedings. 

As stated above, more detailed information 
on delinquency rates is available for two of the 
four commercial banks. The first of these is. 
the Banco Nacional de Costa Rica, which is by 
far the most important as it accounts for al- 
most half of total bank credit and almost 60% 
of bank agricultural credit. In addition, the 





Table 1. Commercial Departments of Costa Rican Commercial Banks: Delinqueat Loans as a 
Percentage of Credit Outstanding at End of Year, 1969-74 

1969 1970 1971 1972 1973 1974 

1-90 days overdue 19.78 18.11 24.05 24.16 26.84 25.59 

91 days-1 year overdue 9.47 8.29 7.53 7.97 7.52 6.34 

More than I year overdue 4.06 3.69 2.82 3.41 4.03 3.04 

Total overdue 33.31 30.09 34.40 35.54 38.37 34.97 








Source: Banco Central de Соз:а Rica, Auditoria General de Bancos, unpublished records. 
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Rural Credit Department of the Banco Na- 
cional has long been a pioneer in lending to 
small farmers and continues to be an im- 
portant source of agricultural cred t (see 
Gonzalez-Vega).! Table 2 reports the delin- 
quency rates at the end of each quarter of 1974 
for the Rural Credit Department and the three 
components of the Banco Nacionals Com- 
mercial Department: the central office, the 
financiera section, and the regional offices. The 
figures in tables 1 and 2 are mutually suppor- 
tive in two respects. First, most delinquency 
rates are reasonably stable during tke year 
and, in particular, year-end delinquency rates 
do not systematically understate e2nd-of- 
quarter delinquency rates. Second,. year-end 
delinquency rates for the total Banco Nacional 
correspond quite closely to 1974 delinquency 
rates for the four banks combined, which sug- 
gests that the patterns observed for the Banco 
Nacional may accurately describe the other 
three banks. 

The most significant pattern which emerges 
from table 2 is that delinquency rates ere sub- 
stantially higher for the central office and the 
financiera section than for the regional offices 


! To qualify as a small farmer under Costa Rican bank ng regula- 
tions, a borrower must have a net income of less ап 25,000 
colones and total bank loans of less than 100,000 co ones, and 
these same limits apply to all clients of the Banco Nacicnal’s rural 
credit department. 


Amer. J. Agr. Econ. 


and the rural credit department. This pattern 
closely parallels appreciable differences in | 
average loan size and in purposes for which 
loans are granted (see Banco Nacional de 
Costa Rica). Less than 10% of the credit from 
the financiera section and about 60% from the 
central office is for agriculture, in contrast to 
more than 8096 from the regional offices and 
99% from the rural credit department. In addi- 
tion, average loan size for the central office is 
more than 300,000 colones, in contrast to ap- 
proximately 100,000 colones for the regional 
offices and less than 10,000 colones for the 
rural credit department (8.57 colones equals 
one U.S. dollar) Thus, lower delinquency 
rates appear to be associated with smaller 
loans and with lending for agricultural pur- 
poses. 

The other commercial bank for which more 
detailed information is available on delin- 
quency rates is the Banco Anglo Costarri- 
cense. The Banco Anglo is the third largest 
bank and accounts for almost 15% of bank 
agricultural credit and more than 1596 of total 
bank credit (see Banco Anglo Costarricense). 
The detailed information on the Banco Anglo 
is particularly useful because delinquency 
rates are reported for different categories of 
loans and because loans which are on time 
without extensions or other forms of refinanc- 
ing are distinguished from those loans for 


Table 2. Commercial and Rural Credit Depariments of the Banco Nacional: Delinquent Loans 
as a Percentage of Credit Outstanding at End of Quarter, 1974 








Central Financiera Regional Rural 
Office 3ection Offices Credit Total 
March 31 
1-90 days overdue 16.91 33.39 22.46 16.71 19.18 
91 days-1 year overdue 12.23 9.85 1.39 2.38 8.15 
More than 1 year overdue 2.80 3.05 1.10 1.35 2.22 
'Total overdue 31.94 46.29 24.95 20.44 29.55 
June 30 
1-90 days overdue 16.94 29.97 23.98 16.49 19.17 
9] days-1 year overdue 8.99 9.94 2.00 2.28 6.59 
More than 1 year overdue 2.58 2.78 0.94 1.29 2.07 
Total overdue 28.51 42.69 26.92 20.06 27.83 
September 30 
1-90 days overdue 20.33 30.48 20.37 16.62 20.72 
91 days-1 year overdue 6.29 8.02 2.24 2.33 5.07 
More than 1 year overdue 2.94 2.40 0.86 1.35 2.25 
Total overdue 29.56 40.90 23.47 20.30 28.04 
December 31 
1-90 days overdue 25.73 27.33 21.42 22.96 24.70 
91 days-1 year overdue 10.70 5.68 1.78 2.54 7.13 
More than 1 year overdue 2.88 1.95 0.64 1.26 2.10 
Total overdue 39.31 34.96 23.84 26.76 33.93 











Source: Banco Nacional de Costa Rica, unpublished -ecords. 
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which extension or refinancing has been 
granted. The percentage of credit delinquent 
and with extensions or other forms of refinanc- 
ing is reported in table 3 for the Banco Anglo 
as of the end of June 1974. 

An important conclusion which emerges 
from table 3 is tha: a generous policy of loan 
extensions and refinancing is not primarily re- 
sponsible for low delinquency rates in Costa 
Rica. Just 10% of livestock credit is on time 
because of extension or refinancing, and even 
this compares with only 2%-3% for crop and 
small farmer loans. In addition, delinquency 
rates for the Banco Anglo confirm the patterns 
indicated by the data for the Banco Nacional. 
Among the different.categories in table 3, de- 
linquency rates tend to be lowest on crop, 
livestock, and especially small farmer loans. 
The percentage of credit between 91 and 360 
days overdue and more than 360 days overdue 
is particularly low for the agricultural catego- 
ries, especially for small farmers. 

The evidence presented above leads un- 
equivocally to the conclusion that delinquent 
agricultural loans are not a serious problem for 
Costa Rican commercial banks. In fact, delin- 
quency rates in Costa Rica tend to be lower for 
agricultural than for nonagricultural loans and 
to be lowest of all on loans to small farmers. 
As noted initially, this experience stands in 
marked contrast to the widespread repayment 
problems for most agricultural credit opera- 
tions in developing countries, especially when 
the lending agency is a government institu- 
tion.? 


? Delinquency rates on bark ágricultural loans in Costa Rica are 
not appreciably higher than celinquency rates in the United States 
on loans from Federal Land Banks and Production Credit Associa- 
tions and appear.to be somewhat lower than delinquency rates on 
loans from the Farmers Home Administration. 
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Causes of Low Delinquency Rates 


Two attributes ofthe Costa Rican banking sys- 
tem are primarily responsible for the pattern of 
low delinquency rates achieved. The first is 
that the Banco Central de Costa Rica estab- 
lishes the interest rates at wFich commercial 
banks can lend, and these interest rates have 
been set well below the equilibrium levels 
which would equate demand with supply. 
From before 1969 through September 1974, 
interest rates on agricultural loans were set at 
8% or 9% (plus commissions of 196-296 on 
some loans), while interest rates on various 
types of nonagricultural loans were set as high 
as 1326 plus commissions. Small farmers are 
charged the lowest rate, 8%, and pay no com- 
missions.? The stated objective of these low 
interest rates is to promote developmental ac- 
tivities, especially in the agricultural sector, 
and to benefit disadvantaged borrowers, par- 
ticularly small farmers. However, the main 
result of such below-equilibrium interest rates 
is an excess demand for credit which necessi- 
tates some form of rationing. 

Excess demand for bank agricultural cred- 
it in Costa Rica has been documented 
thoroughly in a 1969 survey by Vogel and 
Gonzalez-Vega that includes interviews with 
more than four hundred farmers and more 
than fifty bank officials. Those -nterviewed re- 
ported that loan applications were rejected 
and amounts lent were limited because the 


3 Faced with mounting inflation, the Banco Central raised inter- 
est rates somewhat at the end of September ?974. Interest rates on 
some agricultural loans were set as high as 1196 and for some 
nonagricultural loans as high as 18%, but lcans to small farmers 
remained at 8%. These changes are too late and too small to have 
influenced the bebavior of delinquency rates for the period cov- 
ered in this paper. 


Table 3. Commercial Department of the Banco Anglo Costarricense: Delinquent Loans as a 
Percentage of Credit Outstanding by Category as of 30 June 1974 





On Time On Time More 
without with 1-90 91—360 Than 

Exten- Exten- Total Days Days 360 Days 

sion sion Overdue Overdue Overdue Overdue 
Crops 85.85 2.30 10.85 6.11 1.28 3.46 
Livestock 77.35 10.10 12.55 10.34 1.94 0.27 
Small farmer 91.90 3.31 4.79 3.25 1.20 0.34 
Industry 74.71 5.20 20.09 9.93 5.84 4.32 
Commerce 49.95 15.47 34.58 13.97 8.33 12.28 
Service 75.57 7.05 16.38 7.92 2.82 5.64 
Other 54.98 4.53 40.49 26.10 13.15 1.24 
Total 71.51 5.25 17.24 ' 10.40 3.79 3.05 





Source: Banco Anglo Costar-icense, unpublished records. 
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demand for credit by qualified borrowers at 
low bank interest rates substantially exceeded 
the funds available. Many farmers reported 
borrowing from nonbank sources at higher 
interest rates, and even those farmers with 
bank loans reported using on the average 1.5 
nonbank sources of agricultural credit. No 
comprehensive survey has been carried out 
since 1969, but the excess demand for bank 
agricultural credit almost certainly has in- 
creased because higher rates of inflation have 
reduced real interest rates to negative levels in 
1973 and 1974. The rate of inflation in Costa 
Rica remained well below 5% per year through 
1969, hovered around 5% from 1970 through 
1972, and then accelerated dramatically to 
15% in 1973 and well over 20% in 1974. 

Promises of continuing access to bank credit 
at interest rates well below equilibrium can 
provide borrowers with strong incentives to 
repay loans promptly. However, as the AID 
Spring Review thoroughly documents, low 
interest rates on bank agricultural loans are as 
widespread as repayment problems in devel- 
oping countries. What distinguishes Costa 
Rica from the high delinquency rates found 
elsewhere is the promise of more low interest 
rate bank credit in the future if repayment is 
prompt, but not otherwise. Costa Rican arm- 
ers are aware not only of the longevity and 
continuity of the banking system and cf the 
increasing amounts of credit available for ag- 
riculture, but also of the sanctions for fail ng to 
repay promptly. Even if the only sarction 
were the refusal of future loans, most Costa 
Rican farmers would nonetheless -epay 
promptly because the likelihood of a larger 
low interest rate loan in the future outweighs 
in most cases the transaction costs of repaying 
and negotiating a new loan. 

The relatively high proportion of loans be- 
tween one and ninety days overdue prcvides 
an important illustration of the trade-off be- 
tween prompt repayment and delinquency. In 
spite of the absence of explicit sanctions dur- 
ing the first ninety days, the majority of bor- 
rowers nonetheless repay on time and thereby 
avoid the possible damage to their reputations 
which might restrict future access to bank 
loans. Those borrowers who delay repayment 
for up to ninety days apparently find that the 
profitability of employing these resources for 
the additional time outweighs the possible 
damage to their credit worthiness. Tne in- 
crease after 1970 in loans between one and 
ninety days overdue (see table 1) may well 
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reflect a change in this delinquency-repayment 
trade-off associated with increasing inflation in 
Costa Rica. Higher rates of inflation imply 
lower real interest rates which, other things 
being equal, make it more profitable to delay 
repayment for up to ninety days. 

The second attribute responsible for the pat- 
tern of low delinquency rates is the internal 
operation of the Costa Rican commercial 
banks and, in particular, the incentives which 
leac bank officials to ration credit in a certain 
way and the mechanisms which have been 
developed to obtain information about the 
probable repayment performance of potential 
borrowers. It should be noted initially that the 
Icng tradition of professional banking in Costa 
Rica and the high salaries compared to most 
government and many private-sector institu- 
tions make it quite easy for the banks to attract 
highly qualified personnel. Because the com- 
mercial banks are government institutions, 
these personnel might be more strongly moti- 
vated to promote developmental activities and 
to aid the disadvantaged than to maximize 
profits. However, nonprofit objectives are 
given little weight for a variety of reasons. 
Allocating credit to projects with good repay- 
ment prospects, and thereby promoting bank 
rrofits, can readily be justified as supporting 
projects with high returns and hence promot- 
iag economic development. The low interest 
rates established for disadvantaged groups 
(s.g., small farmers) can be an excuse for not 
giving additional consideration to these groups 
in allocating credit. 

Profit maximization is the dominant objec- 
tive, mainly because it directly benefits bank 
employees. Salary increases are based in part 
on bank profits, and a portion of profits is 
channeled into pension funds and other fringe 
benefits for bank employees. Promotion is 
influenced in part by the profitability of the 
office or operation for which an employee is 
геѕропѕіЫе. In addition, profitable banks grow 
more rapidly, and working for a large and . 
irowing bank can provide more power and 
prestige, as well as a higher salary. 

In an attempt to assure some compliance 
with the objectives of promoting development 
and aiding the disadvantaged, the Central 
Bank sets various upper and lower limits on 
the amount of bank credit for certain activ- 
ities and groups of borrowers. However, 
Gonzalez-Vega (pp. 20-30) argues convinc- 
ingly that these credit limits are not part of any 
systematic plan, but rather are based largely 
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on projections of historical trends and are also 
quite vulnerable to political influence. Be- 
cause the credit limits are often not binding 
and bank officials generally have some flexibil- 
ity in allocating credit, even these limits have 
come to reflect profit considerations as much 
as development or welfare objectives. 
Various models have been developed to ex- 
plain bank lending under conditions of profit 
maximization (see, for example, Jaffee and 
Modigliani). The Costa Rican case is simpler 
in most respects because interest rates are 
fixed, so that bank officials can influence reve- 
nues only by varying the amounts lent in each 


category (within the credit limits). Allocating . 


credit under conditions of excess demand to 
minimize costs thus becomes the primary 
focus of the analysis, and costs can be divided 
conveniently into fcur components: (a) cost of 
funds, including opportunity costs; (b) fixed 
costs associated with processing each loan; (c) 
costs resulting from delinquency and default; 
and (d) costs incurred attempting to reduce 
the probability of delinquency and default. 

The first two costs can be dealt with quite 
simply. Although certain categories of ac- 
tivities and borrowers have special lines of 
credit from the Central Bank or foreign 
sources, there is no evidence that the cost of 
funds differs among categories at the margin. 
The fixed costs of processing a loan will, of 
course, decline per dollar lent as loan size 
increases. The last two costs involve a trade- 
off, as the risks of delinquency and default can 
be reduced by obtaining more information 
about potential borrowers and their prospec- 
tive projects before loans are made and, af- 
terwards, by pursuing problem borrowers 
more diligently. Hizher costs of obtaining in- 
formation about a particular category of bor- 
rowers imply, other things being equal, less 
information gathering and hence higher per- 
ceived risks of delinquency and default for 
that category. 

The mechanisms developed in Costa Rica to 
obtain information at low cost about the prob- 
able repayment performance of potential bor- 
rowers are particularly important because in 
most developing countries the high cost of ob- 
taining such information has severely limited 
the access of small farmers to bank credit. The 
Costa Rican banks are quite decentralized, in 
that most loans can be approved at local 
offices by branch managers (who typically are 
trained in agriculture as well as banking) to- 
gether with local boards of directors. Each 
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local board is composed of three residents of 
the area, mostly successful farmers, who are 
intimately aware of the reputations of poten- 
tial borrowers for honesty and ability as farm- 
ers. This innovative approach to evaluating 
loan applications (see Gonzalez-Vega, espe- 
cially pp. 43-48, 96-100) was begun as early as 
1914 by the predecessor of the Banco Nacio- 
nal's rural credit department and, more re- 
cently, has been adopted by the other three 
banks' small farmer credit offices. 

Statements made by Costa Rican bank em- 
ployees during the 1969 agricultural credit 
survey (and reiterated more recently to the 
author) indicate clearly the costs of obtaining 
different kinds of information and the value of 
this information in reducing the risks of delin- 
quency and default. According to these state- 
ments, the main criteria used to evaluate po- 
tential borrowers are prior economic success, 
especially in farming, and a reputation for 
fulfilling past obligations. Such information 
can be obtained quickly and cheaply from 
bank records and from the knowledge of resi- 
dents who serve on local bank boards. On the 
other hand, investment plans showing the an- 
ticipated returns from projects receive almost 
no weight in loan approval decisions, even 
though such investment plans normally are a 
required part of loan applications. The de- 
tailed analysis necessary to make these in- 
vestment plans useful in projecting returns 
would be costly and time consuming. More- 
over, with low, even negative, real interest 
rates on bank agricultural loans, most projects 
proposed by successful farmers are likely to 
appear profitable, so that prompt repayment 
can be expected from those farmers who also 
have good records of fulfilling past obliga- 
tions.* 

Guarantees normally are required for bank 
loans in Costa Rica and might be expected to 
provide additional assurance of repayment, 
but bank employees reported that guarantees 
receive little weight in evaluating loan applica- 
tions. The reluctance to rely on guarantees 


4 The recognition that credit often may be diverted to uses other 
than those indicated in the investment plan further reduces the 
importance of investment plans. Farmers present the projects 
which they think will be most attractive to bankers, but the credit 
obtained often is used to finance alternative investments that ap- 
pear more profitable to farmers. To the extent that alternative 
investments actually yield higher returns, bankers should not be 
too displeased because loan repayment prospects are enhanced. 
Moreover, efforts to prevent credit diversion, such as those 
criticized by Lipton (especially p. 549), are likely to be both costly 
and futile. 
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reflects the costly procedures and political 
problems that can arise in exercising guzran- 
tees to collect overdue loans. The relative 
costs of exercising different types of gueran- 
tees are reflected in the preference of Costa 
Rican bankers for cosigners and mortgages 
over cattle rather than mortgages over farms. 
Cosigners can be as ready as bankers to apply 
pressure for prompt repayment, while taking 
away a delinquent borrower's cattle is pro- 
cedurally and politically far less costly than 
taking away his farm. 

The cost and value of different kinds cf in- 
formation in reducing the risks of delinquency 
and default not only have resulted in heavy 
emphasis on prior success in farming aad a 
record of fulfilling past obligations but also 
have tended to bias the allocation of bank 
credit away from new crops and new bor-ow- 
ers and toward traditional crops and returning 
borrowers. Because gathering information 
about new crops and new borrowers is rela- 
tively costly, they are viewed as too risky and 
consequently receive little bank credit. T-adi- 
tional crops, on the other hand, are allocated a 
much larger share of credit than their share of 
agricultural output would warrant. According 
.to the Ministerio de Agricultura y Ganaderia, 
just five crops (coffee, rice, sugar, and beef 
and dairy cattle) accounted for almost 90% of 
bank agricultural credit disbursed during the 
1970—74 period, and coffee and beef cattle 
alone accounted for about 75%. However, in- 
formation costs are not necessarily biased 
egainst small farmers. Many of them are re- 
turning borrowers growing traditional crops, 
end the innovations discussed above ave 
been particularly effective in reducing the 
costs of obtaining information about small 
farmers. Nonetheless, the availability of czedit 
for small farmers, especially if they are new 
borrowers, should not be overestimatec, as 
the Banco Nacional's rural credit department 
actually made fewer loans each year in the 
early 1970s than in the early 1950s (see 
Gonzalez- Vega, p. 50). 

The Costa Rican policy of seiting interest 
rates below equilibrium has been shown to 
create an excess demand for bank agriculural 
credit and to necessitate some form of ra-ion- 
ing. The structure of these interest rates, to- 
gether with the foregoing examination of 
costs, especially information costs, also can 
explain in the context of profit maximizztion 
why Costa Rican bankers have rationed credit 
to achieve the observed pattern of delin- 
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qiency rates: lower for agricultural than for 
nonagricultural loans and lowest on loans to 
small farmers. For each loan application, bank 
o-ficials will obtain information about the po- 
tential borrower until the cost of this informa- 
tion equals, at the margin, its value in reducing 
е anticipated risks of delinquency and de- 
feult. Bank officials can then be viewed as 
renking loan applications according to the 
probability of delinquency and default and al- 
Iccating available credit by going down the list 
o? potential borrowers from low risk to high 
risk. If Costa Rican bank officials are compe- 
tent evaluators, this ex ante assessment of risk 
should be reflected in the delinquency rates 
achieved ex post. 

Risks, and hence delinquency rates, will not 
be equalized for different categories of bor- 
rowers to the extent that revenues and costs 
d ffer among categories. As indicated above, 
tke Central Bank has set lower interest rates 
fcr agricultural loans than for most nonagricul- 
tural loans and has reserved the lowest rates 
fcr small farmers. Bank officials thus will pro- 
cced farther down the list to serve higher-risk 
applicants in the higher-revenue nonagricul- 
tural categories and least far down the list in 
serving small farmers whose loans produce the 
lcwest revenues. If it is assumed that costs of 
finds are equal for different categories of bor- 
rowers, that fixed costs of processing loans are 
negligible, and that ex post delinquency accu- 
rztely reflects ex ante risks because of efficient 
irformation gathering, then interest rates (in- 
cluding commissions) of 8% for small farmers, 
16% for other farmers, and 14% for nonag- 
rizultural loans imply that nonrepayment rates 
07 3% for small farmers, 5% for other farmers, 
aad 8% for nonagricultural loans would 
equalize the expected returns to the bank for 
tFe different categories. Such nonrepayment 
retes would not be inconsistent with the pat- 
tern of delinquency rates reported in tables 2 
and 3. 


Conclusion 


Tae Costa Rican banking system has achieved 
relatively wide service to the agricultural sec- 
tcr, including small farmers, together with low 
retes of delinquency and default because of 
tke efficient techniques developed for gather- 
irg information about potential borrowers and 
{Ге profit orientation of bank employees. The 
srstem also provides strong incentives for 
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borrowers to repav promptly, not primarily 
because of explicit sanctions but rather be- 
cause of the promise of continuing access to 
bank credit if repayment is prompt but not 
otherwise. Continuing access to bank credit is 
attractive in part because of the below- 
equilibrium interest rates charged on bank 
loans. However, below-equilibirum interest 
rates imply excess demand and hence ration- 
ing, and the structure of low interest rates for 
certain categories of borrowers further implies 
that these borrowers will be rationed most 
stringently in their access to bank credit. Such 
rationing, which tends to offset the benefits for 
the agricultural sector of innovations in infor- 
mation gathering, is reflected in the pattern of 
lower delinquency -ates for agricultural than 
for nonagricultural loans with lowest rates on 
loans to small farmers. 


The stated objective of low interest rates on 
agricultural loans, especially to small farmers, 
is to promote developmental activities and to 
benefit disadvantaged borrowers. However, 
as shown above, these deserving borrowers 
are in fact more severely limited in access to 
bank credit than other borrowers. Moreover, 
low delinquency rates do not provide evidence 
that bank loans are used to finance productive 
activities in the agricultural sector. Negative 
real interest rates, such as existed in Costa 
Rica for bank agricultural loans in 1973 and 
1974, mean that borrowers can undertake proj- 
ects with negative real rates of return and still 
generate enough income to repay bank loans. 
The fungibility of credit, including the limited 
ability of bankers to control even outright di- 
version of credit to unprescribed uses, means, 
furthermore, that agricultural loans may not 
have financed even unproductive agricultural 
activities. 

If low interest rates in Costa Rica are asso- 
ciated with low rates of delinquency and de- 
fault, might not a mcvement to higher interest 
rates provoke an undesirable increase in de- 
linquency? In part such an increase in delin- 
quency would be desirable as it would reflect 
incentives for bank officials to lend for riskier 
projects provided the projects had high ex- 
pected returns. Higher interest rates also 
could encourage further innovations in infor- 
mation gathering to evaluate new borrowers 
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and new crops and thereby lessen the concen- 
tration of credit in loans to returning borrow- 
ers and traditional crops. However, the in- 
crease in delinquency would also undoubtedly 
reflect a reduced incentive for borrowers to 


.repay promptly because maintaining access to 


bank credit would not be as attractive with 
higher interest rates. Even this undesirable in- 
crease in delinquency might have beneficial 
aspects if it prompted bank officials to search 
for other ways to improve service and thereby 
to increase the attractiveness of bank credit. 


[Received January 1978; revision accepted 
June 1980.] 
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The Political Economy of Agricultural 
Credit: The Case of Bolivia 


Jerry R. Ladman and Ronald L. Tinnermeier 


A theoretical framework is established to show that agricultural credit programs in less 
developed countries can be used for political purposes because of (a) 
government-conirolled supply; (b) implicit income transfers associated with 
concessionary irterest rates, delinquency, and inflation that can be used as patronage for 
politically influential borrowers; and (c) ease of impiementation under guise of economic 
objectives. The framework is applied to Bolivia. Within that ceuntry's political context, 
large income transfers to a few influential farmers strongly suggest the importance of 
political factors :n credit allocation with consequent effects on income distribution, 


development, ard debilitation of financial institutiors. 


Key words: agricultural credit, Bolivia, income transfers, poLtical economy, subsidies. 


Agricultural credit has been a cornerstane of 
most agricultural development programs in 
less developed countries (LDCs). Domestic 
governments and donors of foreign aid alike 
have allocated significant sums for agricultural 
credit programs (Adams). This paper argues 
that, although such programs are said to be 
economically oriented, they are susceptible to 
being used by LDC governments as palitical 
tools. Thus, a political economy of agricultural 
credit emerges in which credit is allocaced to 
satisfy political objectives. 

There are five major reasons why the politi- 
cal economy of agricultural credit has become 
important. First, governments typically con- 
trol the formal market supply of agricultural 
credit throuzh development banks and credit 
policies which force private sector lending to 
agriculture. Therefore, governments have the 
ability to influence strongly the distribution 
and allocation of credit. Second, concession- 
ary interest rate policies, which are almost 
ubiquitous in LDC agricultural credi. pro- 
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grams, provide for an attractive income trans- 
Zer to borrowers. Third, when governments 
Dermit long-term delinquency, a common 
condition in LDCs, the borrower receives a 
:emporary income transfer for the period of 
che delinquency. If he never repays, it be- 
somes a permanent transfer. Fourth, when 
nflation is present, the magnitude of the con- 
zessionary and delinquency transfers is mag- 
nified. Fifth, the advantages of obtaining these 
cransfers are sufficiently attractive that they 
сап be used by governments to gain patronage 
5f borrowers and, conversely, by borrowers to 
pledge support to government. 

Credit programs are particularly alluring for 
political purposes. First, they are easy to es- 
tablish and administer. Second, they are 
legitimate for economic objectives. Third, be- 
cause monies are fungible and because of the 
hidden transfers, the true uses of such funds 
are difficult to identify. Thus, credit lends it- 
self to being used for political purposes under 
the guise of economic development. 

The extent to which economic decisions are 
influenced by political factors, or vice versa, is 
difficult to ascertain in practice. It is becoming 
increzsingly clear, however, that not only is 
there the potential for political forces to im- 
pact heavily on agricultural credit programs, 
but also they probably play a more important 
role than has been previously recognized 
(e.g., see Von Pischke). 

This paper first describes the evolution of 
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the institutional and policy structure of credit 
programs in LDCs. The role of foreign aid is 
emphasized. Second, a framework for the 
political economy of agricultural credit is spec- 
ified. Third, the framework is applied to 
Bolivia, an archetype of underdevelopment 
where political factors often predominate and 
where there have been massive infusions of 
foreign aid for agricultural credit. Fourth, 
conclusions and policy implications are set 
forth. 


The Evolution of Institutional and Policy 
Structures 


Commercial financial institutions in LDCs 
have shunned lending to agriculture because 
of the high costs and risks embodied in these 
loans (Donald, pp. 27—35). Thus, pressures 
were placed on government to provide alterna- 
tive sources of financing. The passivity of the 
agricultural sector suggested a supply-leading 
financial approach (Patrick). Government ag- 
ricultural banks were commonly established. 
Yet, when it became obvious that government 
institutions could not meet the needs of financ- 
ing agriculture, means were sought to force 
the private sector to lend to agriculture. Cen- 
tral bank rediscount mechanisms, loan guaran- 
tees and loan portfolio requirements were 
common policies. 

Almost without exception all of these ag- 
ricultural credit programs incorporated a fea- 
ture transferred from the U.S. Farmers Home 
Administration credit model—the concession- 
ary interest rate; because, from an economic 
standpoint, it provided elements deemed ap- 
propriate to the conditions of LDCs. The con- 
cessionary transfer (the income transfer due to 
the concession) was justified to encourage the 
use of more highly productive inputs, and to 
compensate the farmer for the inherent risks in 
agriculture, the paucity of cost-reducing in- 
frastructure in the countryside, the past injus- 
tices done to farmers by moneylenders, and 
low product prices imposed by the govern- 
ment to protect the interests of urban wage 
earners (Donald, pp. 101-03). Little attention 
has been directed heretofore to the tremen- 
dous political leverage that the concessionary 
transfer offers. 


A Framework for the Political Economy of 
Agricultural Credit 


Figure 1 presents a country-wide demand 
curve DD’ for credit from agricultural lenders 


Political Economy of Agricultural Credit 67 


Figure 1. Demand for credit from agricul- 
tural lenders 
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to be used for agricultural purposes when 
interest rates are equalized throughout the 
economy. Assume that the prevailing real 
interest rate is r; therefore, farmers would 
want to utilize OC, credit. Suppose, however, 
that the government subsidized agriculture by 
means of a concessionary interest rate, гү, for 
agricultural loans but left interest rates for 
nonagricultural loans at the previous levels.! 
Two effects would occur. First, borrowers 
would increase the quantity of funds de- 
manded for agricultural purposes from С, to 
Cz, and, if non-price rationing were not em- 
ployed, would simultaneously receive a sub- 
sidy or income transfer (the concessionary 
transfer) of r,rab. 

Second, since monev is fungible, credit can 
be borrowed ostensibly for agricultural pur- 
poses but diverted to such nonagricultural ac- 
tivities as consumption or investment. This 
gives rise to agricultural illusion—a situation 
where some agricultural loans have the ap- 
pearance of going to that sector, but in fact go 
elsewhere. With the relatively lower interest 
rates for agricultural loans, it would be ex- 
pected that borrowers would behave in this 
manner—especially those with multiple occu- 
pations and knowledge of other investment 
opportunities—and the demand for credit from 
agricultural lenders would shift right to D,D',. 
Borrowers would want to use CC; quantity of 
credit to practice agricultural illusion and the 
total concessionary transfer now becomes 
ryac. 


! The pioneering work on the concessionary interest rates for- 
malized in this paper was done by Adams and Gonzalez-Vega 
1976. 
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If further concessions were granted, e.g., ro, 
r3, etc., there would be yet further demand 
shifts to the right, such as D4D';, D4D',. The 
horizontal distance between any D,D', and 
DD' at any r; would represent the amount of 
credit demanded to practice agricultural illu- 
sion due to the concessionary rate. Therefore, 
the locus of all equilibrium points for all r; and 
Р.Р’; traces the illusion demand curve for ag- 
ricultural credit when concessionary interest 
rates are employed in that sector. It clearly 
cemonstrates how agricultural illusion in- 
creases the concessionary transfer. 

Delinquency provides another possibility 
for an income transfer. À ''delinquency trans- 
Ег” may be temporary, when farmers dc not 
repay their loans on time, or permanent, v hen 
they never re»ay the loan. In the case of the 
temporary transfer, the farmer geins from im- 
proved income or reduced costs resulting from 
control over cash flow. The permanent trans- 
fzr is equivalent to the real value of the loan 
principal plus real value of interest charges 
lzss any real mount repaid on loan and inter- 
€st. In terms of figure 1, the amount of the 
permanent delinquency transfer would be the 
OC; loan principal plus Or,cC; interest. as- 
suming a concessionary interest rate of r;, ag- 
ricultural illusion and no repayment. 

When inflation is present, a situation com- 
mon to LDCs, the real rate of intzrest may be 
quite low or even negative. The effect :s to 
enlarge the concessionary transfer and the 
temporary delinquency transfer (because of 
the lower real value of the loan when repaid). 
When inflation is anticipated by farmers. the 
&mount borrowed will increase in accordance 
with the demznd schedule and will furthe- en- 
large both transfers. For examp/e, assume a 
concessionary rate of r,, but farmers antici- 
pated the real rate of ra, because of infla-ion. 
Borrowers then would gain an additional zon- 
cessionary transfer caused by inflation of 
тсе and the potential for a permanent delin- 
quency transfer of OC, loan principal and Ora 
eC, interest. The higher the inflation, the 
greater will be these transfers. In the case of 
temporary transfers, the longer the delin- 
cuency, the greater the transfer. 

Clearly the concessionary and delinquency 
transfers themselves and the additions to taese 
transfers resulting from inflation are to be zov- 
eted. Therefore, a government with its соп- 
trol over agricultural credit institutions can 
Lse these potential transfers to induce certain 
types of economic activity and/or to reward 
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certain behavior among borrowers. Moreover, 
borrowers in their competition for access to, 
ard a share of, the transfer, undoubtedly will 
be willing to bargain with the government. 
Taus, there is an interplay between govern- 
ment and farmers in which political factors 
may take on considerable importance. 

Heavy delinquency rates may be symp- 
tomatic of the degree that political factors 
hzve entered into the loan. When the govern- 
ment does not take the legally available mea- 
stres to bring pressure on the borrower to 
repzy, this indicates an unwillingness to bear 
the administrative costs or political conse- 
quences of such action. 

The sheer existence of the concessionary 
transfer, and the possibility of an easy delin- 
quency transfer, creates a potential for corrup- 
tion. Government officials could easily appro- 
puate part of the transfer for themselves by 
di-ectly or indirectly lending to themselves, or 
by receiving kickbacks from borrowers. 


Consequences 


Tne consequences of using credit as a political 
instrument will vary depending on the specific 
si:uation in any country. It is possible, how- 
ever, to draw generalizations about expected 
consequences in four areas: (a) resource allo- 
cztion, ‘b) income distribution, (c) institution 
financial viability, and (d) economic develop- 
ment. 

Apart from political considerations, the 
concessionary interest rate policy leads to a 
nonoptimal social allocation of (a) credit, (5) 
other resources, and (c) the production of 
goods in society, unless there is an effective 
mezns of non-price rationing. Experience 
demonsirates, however, that  non-price- 
rationing schemes are difficult to enforce. The 
schemes are even more unworkable when 
political factors intervene. If inflation is pres- 
emt, the additional transfer due to inflation 
enhances the attractiveness of using credit for 
political objectives. if this occurs the resource 
allocation consequences are exacerbated. For 
example, it may encourage speculative in- 
vestments and inventory stockpiling as well as 
agricultural illusion. 

Access to the concessionary transfer 
(Gonzalez-Vega, 1977) and the delinquency 
transfers as a result of borrowing or corruption 
will gain at the expense of others. Inflationary 
conditions will increase the benefits of those 
who receive these transfers. The net result, 
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under any combination of the several trans- 
fers, is that the borrower gains income at the 
expense of the taxpayer or saver whose 
money is utilized to provide credit. Moreover, 
the borrower will gain income relative to those 
who have no credit or who borrow at true 
market rates of interest. Where the source is 
foreign, these effects have international impli- 
cations as well. 

Concessionary interest rates lead to lower 
interest revenues with the lending institution if 
the demand for credit is inelastic and/or the 
supply of loanable funds is restricted over the 
relevant range of the demand schedule. This, 
in combination with the well-recognized high 
costs of administering agricultural credit pro- 
grams, will seriously jeopardize a credit in- 
stitution’s financial viability. Further, political 
lending will lead to erosion of. loan funds 
caused by extensive delinquency inherent in 
such loans. The result is that, to cover costs 
and maintain or increase its loanable funds, 
the institution must be subsidized by govern- 
ment or obtain foreign loans or assistance. 
Without such supports, the institution’s finan- 
cial resources soon would be gone. 

Finally, although it is well beyond the scope 
of this paper to discuss them in detail, it 
should be noted that there will be additional 
indirect impacts of credit allocation on general 
economic development, such as balance of 
payments, government expenditures and rev- 
enues, price stability, rural-urban migration, 
and sectoral development. 


The Role of Foreign Donors 


Foreign economic assistance programs con- 
tribute to the use of credit as a political in- 
strument in two ways. First, they have pro- 
vided considerable economic assistance for 
agricultural credit programs (Adams). Sec- 
ond, they have promulgated the policy of con- 
cessionary interest rates with the direct effect 
of creating concessionary transfers. As a con- 
sequence, they have been an indirect con- 
tributor to the use of credit for political pur- 
poses. This is particularly true for loans which 
have been made for general agricultural sector 
development, where credit typically flows to 
the larger and more sophisticated farmers and 
agricultural illusion takes on large dimensions. 
However, even in cases where foreign aid 
funds are earmarked for small farmers, the 
additional funds increase the size of the lend- 
ers’ total portfolio and may permit some sub- 
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stitution for other funds previously directed to 
small farmers, thus releasing them for other 
purposes, including political. 


Can Interest Rates Be Raised and Defaulting 
Reduced? 


The obvious economic solution to prevent all 
these distortions is to raise interest rates and 
decrease default. Why, then, have policies of 
higher rates not been put into effect? Further- 
more, why do not many lenders use their legal 
powers to limit default? The suggested answer 
is that the political cost is too great. First, 
governments would lose attractive elements 
available to them to bargain for political sup- 
port. Second, farmers accustomed to the con- 
cessionary and/or default transfers would 
stand to lose substantially. In particular, the 
impact would fall on the larger and more 
influential farmers who practice agricultural 
illusion with access to alternative invest- 
ment-consumption activities. Third, where 
corruption occurs, government officials would 
lose their access to these sources of income. 


The Case of Bolivia 


The framework is applied to Bolivia during the 
period of the government of General Hugo 
Banzer, 1971—78. (For a good discussion of 
the political developments in Bolivia over this 
period see Mitchell as well as Malloy and Bor- 
zutsky.) 

The regional distribution of agricultural 
credit since 1971 was highly skewed to the 
tropical lowlands in the department of Santa 
Cruz. Between 1973 and 1978, 68% of com- 
mercial bank loans went to that department 
(privàte communication from Banco Central 
de Bolivia). Between 1971 and 1978, 6496 of 
the volume but only 23% of the number of 
BAB loans went to Santa Cruz.? In contrast, 
according to the 1976 General Population Cen- 
sus, only 12.696 ofthe rural population lived in 
that department. Further, for the period 
1964—71, only 4396 of Bolivian Agricultural 
Bank (BAB) credit from regular credit lines 
went to Santa Cruz. 

Several interdependent factors explain the 


? Data from Departamento de Planificación, Unidad Estadística, 
from Banco Agrícola de Bolivia. A!l data reported in the remain- 
der of this paper come from this source unless otherwise indi- 
cated. 
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highly disproportionate share of agricu_tural 
credit going to Santa Cruz in the Banzer pe- 
riod. First, the petroleum and agricu tural 
boom in the region was viewed as the leading 
edge of the Bolivian economy. Rapid gains in 
food import substitutes and agricultural ex- 
ports were expected from commercial farms 
whereas these possibilities were not foreseen 
for the small-scale traditional farming areas in 
the highlands. Second, geopolitics was an- 
other factor. With the new petroleum cevel- 
opment, Bolivia viewed the growth of Santa 
Cruz as a buffer to further encroachmeat by 
Brazil, which had previously taken consider- 
able territory in the rubber boom of 1899. 

Whereas both of these factors were impor- 
tant in explaining the disproportionate credit 
flows, we suggest that domestic political fac- 
tors were also important in the credit alloca- 
tion. President Banzer had risen to power in a 
military coup with the support of a coalit on of 
interests tha: included farmers in Santa Cruz 
(Mitchell, pp. 122-3). Hence Banzer wzs ob- 
liged to these persons not only for his sudden 
rise to power but also for their continued polit- 
ical support. 


Institutionai and Policy Structure 


Over the 1971—78 period, 59% of the banking 
credit in Bolivia came from BAB. In adcition, 
the government-owned State Bank, a coramer- 
cial bank, loaned approximately another 20%. 
The system was amenable to government 
control. Credit was employed as the major 
agricultural sector policy instrument to ‘‘lead”’ 
agricultural production by means of a number 
of special credit programs established by the 
government and donors of foreign aid Key 
features of credit policy were concessionary 
interest rates and central bank rediscounts to 
the banking system from special credit lines 
for agriculture. 

Foreign assistance played a major role by 
providing a steady inflow of funds which freed 
government funds for loans to some major en- 
terprises, such as cotton (little foreign assis- 
tance was used for this crop), as well as for 
liquidity which the institutions needed ir. view 
of soaring and heavy delinquency. From 1967 
to 1978, there were $146 million (all figures in 
this paper are reported in current U.S. dollars) 
in foreign assistance committed for agricul- 
tural credit. A conservative estimate is that at 
least 4596 of bank credit (BAB and commer- 
cial banks) zame from this source. 
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Over the 1971—78 period, BAB loaned $80.9 
nillion in Santa Cruz with 3,348 loans. Of this 
amount, $45.9 million went to cotton in a total 
cf 726 loans. A much smaller amount, $4.1 
million, was directed to 118 farmers for soy- 
teans. The average size loan for cotton and 
soybeans was $63,169 and $34,525, respec- 
tvely, much larger than the $5,287 national 
everage. Credit for the two crops, which rep- 
resented 41% of the national BAB loan port- 
lio, went to only a few farmers (6% of BAB 
loans). These loans were made primarily to 
the larger farmers of Santa Cruz, many of 
whom belonged to that region’s elite and to 
powerful regional interest groups such as 
ADEPA (The Cotton Growers Association). 


Income Transfers 


Ав shown in table 1, the recipients of BAB 
cotton and soybean loans received total in- 
come transfers of at least $44.5 million over 
the period, an amount only slightly less than 
the $49.9 million of principal originally loaned. 
The average transfers for cotton and soybean 
bens were $55,000 and $39,000, respectively. 

These transfers result in part from interest 
iate concessions of 12% to 15% for BAB 
clients relative to the rates charged by com- 
mercial banks for commercial loans. Because 
the commercial rates are maximum rates es- 
tablished by the Central Bank, they are likely 
to be less than the true opportunity cost of 


Table 1. Concessionary and Delinquency 
Transfers Associated with Cotton and Soybean 
Loans of Bolivian Agricultural Bank, 1971- 
1978 (in Thousands of U.S. Dollars) 





Cotton Soybeans 
thousands 

Loan volume 45,861 4,074 
Number of loans 726 118 
Average loan size 63 35 
Percent past due, 31 Dec. 1978 51 69 
Delinquency transfer 

Interest and commissions 3,342 418 

Principal 23,491 2,823 
Concessionary transfer ` 5,680 519 
Transfers due to inflation 7,399 829 

Total trar.sfer 39,912 4,589 

Average transfer per loan 55 39 





Source: Authors’ calculations based on Bolivian Agricultural 
Bank data. 
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credit. To the extert this holds true, the con- 
cessionary transfer is understated. 

The effect of inflation is to reduce the real 
interest rate and therefore to provide an addi- 
tional transfer to the borrower. With the ex- 
ception of 1973 and 1974, inflation in Bolivia 
was mild, yet the income transfer associated 
with inflation was substantial, estimated at 
$8.2 million. 

From 1971 to 1978, BAB delinquency wors- 
ened. At the end of 1971, 15% of the loan 
portfolio was overdue; at the end of 1978, it 
was 43% overdue after reaching a high of 47% 
in 1977. Had many loans not been refinanced 
or extended, the situation would have been 
much worse. During 1978, 776 loans were ex- 
tended. Furthermore, several BAB loans have 
been extended many times. The delinquency 
is concentrated in Santa Cruz: in 1978, 68.8% 
of the total BAB delinquency was in that de- 
partment. In Santa Cruz, 48% and 52%, re- 
spectively, of loan numbers and volume were 
past due compared to 27% and 43%, nation- 
ally. Both cotton and soybeans contributed to 
the high proportion of loan volume delin- 
quency. 

At the end of 1978, the delinquency transfer 
associated with cotton and soybeans was 
$30.1 million. Before June 1977, the govern- 
ment would not permit the BAB authorities to 
pressure farmers for repayment. Also, to keep 
some private commercial banks from pressur- 
ing farmers, the government issued Supreme 
Decrees to buy these banks’ delinquent port- 
folios and transfer them to BAB. In June 1977, 
Banzer issued a Supreme Decree which ex- 
tended all BAB and State Bank cotton and 
soybean loans for periods of eight to twelve 
years. If the loans are paid back as scheduled, 
the borrowers will pay back virtually nothing 
in terms of real value due to the depreciating 
effects of inflation—the equivalent of a per- 
manent income transfer. 

The large BAB income transfers for bor- 
rowers for the two crops in Santa Cruz cannot 
be entirely attributed to political factors. Poor 
client selection, bzd weather, insects, and 
marketing are other reasons. But even in cases 
of the latter, political intervention led to size- 
able transfers. For example, in 1973, BAB and 
commercial banks fmanced large quantities of 
cotton, and ADEPA made forward contracts 
to sell cotton on the world market. When the 
world price exceeded the forward price, 
ADEPA refused to sell. The government sup- 
ported them as Banzer established a minimum 
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price by Supreme Decree. The world buyers 
refused to pay this higher-than-contracted 
price and much cotton remained unsold while 
delinquency soared. 

The case of BAB is illustrative of what also 
happened in the State Bank. Unfortunately, 
inadequate data do not permit a breakdown of 
transfers for credit from that institution. They 
are, however, sizeable. This institution also 
began to lend heavily for cotton and soybeans 
in Santa Cruz after 1972. By 1977, they had 
discontinued lending to agriculture because of 
heavy delinquency. In 1978, they had $22.4 
million in 232 past-due loans, most of which 
were for cotton and soybeans. (Private com- 
munication from the Banco del Estado.) 
Clearly, income transfers associated with 
these loans were also very substantial. 


Consequences 


The effect of credit being used as a political 
instrument to benefit the Santa Cruz commer- 
cial farming elite undoubtedly contributed to 
political stability during the Banzer reign. 
However, the elite's access to credit and the 
associated income transfers gave them a larger 
share of national income. Their ability to prac- 
tice agricultural illusion through investment in 
real estate, commerce, and conspicuous con- 
sumption further enhanced their income and 
worsened regional and personal income dis- 
tribution. For example the highland peasants 
gained little, and if it had not been for foreign 
aid for small farmer credit, which began in 
1975, it is doubtful that this large mass of 
farmers would have received much credit at 
all. It is plausible that such inequities were 
important factors in the defeat of the govern- 
ment's candidate in the 1978 elections. 

The long-run viability of financial institu- 
tions was seriously harmed. After 1976, the 
State Bank withdrew from agricultural lending 
because of the high costs associated with its 
heavy delinquency. In March 1979, BAB had 
to be rescued from bankruptcy by the gov- 
ernment when it issued $41.5 million in bonds 
(El Diario) which permitted BAB to meet its 
financial obligations. 


Conclusions 
It should not be surprising that government- 


controlled credit institutions and policy can be 
used for political objectives although they are 
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cast in the context of economics. Credit as a 
political instrument is attractive to a govern- 
ment because it is rapidly implementable and 
has the appearance of going for worthwhile 
economic objectives but in reality offers op- 
portunities for considerable benefits to bor- 
rowers by means of income transfers and gains 
from fungibility. Moreover, because the true 
benefits are hard to identify, they are less sub- 
ject to the scrutiny of the opposition and the 
general public. 

The usefulness of the presert study is to 
provide a theoretical framework to show the 
use of agricultural credit as a political- 
economic instrument particularly where con- 
cessionary interest rates and permissive de- 
fault are employed. The Bolivian case clearly 
illustrates the political economy of credit as it 
was applied by Banzer іп 1971 to 1978. І- also 
shows the unintended role of foreign assis- 
tance in abetting the use of credit in a poätical 
context. 

The Bolivian case is not unique. It is ikely 
that political forces figure strongly in credit 
allocation decisions in most nations. While 
they may contribute to political stability, they 
are subject to abuse and have undesirable con- 
sequences for resource allocation, income dis- 
tribution, and financial institution viability. 
The degree to which credit can be used as a 
political instrument would be su»stantial y re- 
duced if concessionary interest rates were 
eliminated, a tougher stance on default were 
taken, and inflation reduced. 

The voluntary implementation of th» re- 
quired interest rate and default policies will be 
difficult to attain given the high costs to gov- 
ernments in the loss of a political instrument. 
Therefore, pressures will have то be exerted 
by foreign donors in an appeal to improve 
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rzsource allocation, income distribution, and 
fnancial institution viability. 


[Received June 1979; revision accepted 
August 1980.] 
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Market Intervention Policies for Increasing 
the Consumption of Nutrients by Low 


Income Households 


Richard K. Perrin and Grant M. Scobie 


There is an immense step in passing from theory to governmental applications . . . 


and if this essay is 


of any practical value, it will be chiefly in making clear how far we are from being able to solve, with 
full knowledge of the case, a multitude of questions which are boldly decided every day. 


—Augustin Cournot, 1838 


This study employs a market equilibrium displacement approach to examine the nutrient 
consumption effects of market intervention programs such as food subsidies, income 
transfers, and agricultural input subsidies. The results permit comparison of the direct 
treasury costs of achieving marginal increases in nutrient intake with alternative 
programs. When applied to a case study of the food markets and population of Cali, 
Colombia, it was found that a marginal increase in caloric intake among the poor could be 
achieved at lowest cost with a consumer subsidy of certain cereals, although black 
market activity might raise this cost to that of an income subsidy. 


Key words: Colombia, food policies, nutrient consumption, treasury costs. 


Throughout much of the postwar period, the 
objectives of development were expressed in 
terms of economic growth. Through rapidly 
rising national products, real income gains 
were expected to accrue (albeit with the same 
` lag) to an increasingly wider spectrum of the 
population. Gradually, marginal participants 
would be drawn into the mainstream of eco- 
nomic activity with part of the increments in 
real income being spent on additional food. In 
short, policies which stimulated overall eco- 
nomic growth were seen to be conducive to 
generally rising living standards including in- 
creased nutrient intake. Few if any countries 
had explicitly formulated, or funded, national 
nutrition programs. 
Whether through disillusionment or impa- 
tience with the previous strategies, develop- 
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ment objectives have been evo: ving which are 
much more narrowly focused (Selowsky 
1979). The direct provision of food, education, 
health services, sanitation, and housing have 
become part of the ‘“‘basic human needs” ap- 
proach to aid and development. Governments 
have sought instruments with which they can 
effect changes directly in some specific target. 
Improved human nutrition is cne such target 
(Scandizzo and Knudsen). 

Economic research has been directed to 
measuring the magnitude of tke malnutrition 
problem (Reutlinger and Selowsky) and its 
impact on physical, intellectual, and economic 
development (Selowskv 1978, Selowsky and 
Taylor). Other research has explored the pos- 
sibilities for achieving nutrition goals through 
such government interventions as food price 
subsidies for the poor (Reutlinger and 
Selowsky; Ahmed; Kumar; George), income 
transfers to the poor (Pinstrup- Andersen and 
Caicedo), agronomic researzh (Ріпѕігир- 
Andersen, Ruiz de Londofio and Hoover), and 
agricultural production subsidies (Barker and 
Hayami; Hayami, Bennegan, Barker). 

The purpose of the research reported here is 
to examine and compare the treasury costs of 
achieving specified nutritional goals through 
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alternative intervention programs such as 
those above, both in general and in a specific 
case study of consumers in Cali, Colombia. 
Given the magnitude of current intervention 
efforts in various countries,! such a compari- 
son may prove to be quite valuable in as- 
sessing the impact of alternative policies. 


Analytical Model 


To permit ccmparison of the wide variety of 
intervention »olicies available, we find it con- 
venient to group them into three categories: 
those which shift supply to the right, those 
which shift demand to the right, and those 
which drive a subsidy or wedge between pro- 
ducers’ price and consumers’ price. Figure 1 
illustrates, for example, how an increase in 
food consumption from Q to Q’ could be 
achieved either by a supply shift from S to S’, 
by a demand shift from D to D’, or by a market 
wedge of size W under which producers would 
receive price P', while consumers would pav 
price P',. While not all possible market inter- 
vention policies can be directly represented bv 
this analytical framework (such as certain 
types of food stamp programs), a great manv 
can be. For example, supply shifting interven- 
tions can include (a) public investment in ag- 
ricultural research which generates new in- 
formation and technologies, (р) public in- 
vestment in rural infrastructure, (c) direct 
subsidies of agricultural inputs, and (d) food 
import policies. Policies which shift demand 
can include (a) direct income transfers, (b) 
certain types of food stamp programs, or (c) 
nutrition-oriented consumer education pro- 
grams. The price wedge approach can be used 
to describe a number of kinds of sudsidy 
mechanisms, such as simple food stamp plans, 
ration shops, and bounties paid to producers. 

To complete the analytical framework nec- 
essary to compare these policies, we first de- 
velop a model describing the price and quan- 
tity equilibriam displacement effects of each 
of the three basic types of policy instruments, 
for an n-commodity food economy with a mal- 
nourished (‘‘poor’’) consuming sector and 
an adequately nourished ("rich") consuming 


! Subsidies on staple foods constitute a substantial proportion of 
total expenditures by some governments. “Іс Egypt, Koa, and 
Sri Lanka, food subsidies accounted for as much as one-fifth of 
total expenditure in 1974 or 1975, while several other countries 
devoted approximately one-tenth of expenditure to this compo»- 
nent" (Davis). From a study of Egyptian food subsidies, Taylor 
(p. 35) reports that in 1975, staple food subsidies (on whezt, 
maize, sugar and edible oil) amcunted to over 11% of gross domes- 
tic product. 
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Figure 1. Increase food consumption via a 


supply shift, a demand shift, or a market wedge 


sector. Given the nutrient content of these 
commodities,? the effect of the policies on 
equilibrium nutrient intake follows directly. 
We then examine in more detail the effect of 
income transfers and price wedges in order to 
compare their cost effectiveness in terms of 
the treasury costs associated with increments 
in nutritional improvement. In this paper we 
do not address issues related to the financing 
of such interventions, nor do we consider the 
potentia] effect of these public financing ac- 
tivities on food markets. 


Equilibrium Displacements Caused by Shifts 
in Demand, Supply, or Market Wedges 


First consider the n-demand curves for the 
consuming population as a whole (we later 
stratify consumers into rich and poor strata). 
(Changes from initial equilibrium levels of con- 
sumption of commodity i must result from 
either a shift in demand for that commodity or 
from a change in the price of either commodity 
i or one of the other commodities. The per- 
centage change in quantities demanded can 
conveniently be expressed as 
n 


sae NS 
c 
ji 


(1) Ер; + yEy, 


"where i = 1,...,; E is the percentage 

2 In this study, we consider only calorie consumption as a 
measure of nutrition, because of its importance as a limiting nutri- 
ent (Reutlinger and Selowsky). The equilibrium displacement 
model could quite easily be extended to consider a vector of 
-everal nutrients. 
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change operator,? т; are the direct and cross- 
price elasticities of demand, y; is the income 
elasticity of demand, and y denotes income. 
The effect of food stamp or nutritional educa- 
tion programs could be represented by a rein- 
terpretation of the demand shifter (y,Ey). 
Supply changes can be represented as 


n 


Q) Ей = Y «Ер? + 8, 
j=1 
where i = 1, ..., п; &; are supply elasticities 


and & is a supply shift caused by some policy. 
Such policies might include input subsidies (as 
in Barker and Hayami) or investment in ag- 


ricultural research (as in Pinstrup-Andersen, 


de Londoño, Hoover). In work not reported 
here, we have used the model that follows to 
derive analytical solutions comparable to both 
these studies. 

To incorporate the possibility of price sub- 
sidies, we specify the following equilibrium 
relationship between supply prices and de- 
mand prices: 


(3) Ер? = Ep + Ef, 


where i = 1,..., n; Ef is the size of the 
subsidy wedge for commodity i, measured.as a 
percentage of initial equilibrium price. These 
three sets of n equations each can be ex- 
pressed in matrix notation as 


-H 0 I| [ЕР [TEy 
(4) 0 -S I| |ЕР|= | А |, 
-I 1 0| LEQ EB 


where H is an n X n matrix of demand elas- 
ticities, ny; S is an n X n matrix of supply 
elasticities, є;;; P^isann x 1 vector of demand 
where P,?, Р, are n x 1 vectors of demand 
prices by stratum; Q,, Q, aren x 1 vectors of 


EP,’ 


Increasing Nutrient Consumption of Low Income Households 75 


quantities by stratum; Vp, V, are n X n 
diagonal matrices with the share of the com- 
prices, pj?; Р# is an n x 1 vector of supply 
prices, p; О is an n х 1 vector of quantities, 
а; T is ann х 1 vector of income elasticities of 
demand, у;; А is an n x 1 vector of supply 
shifts, 6;; and EB is an n x 1 vector of price 
subsidies, ЕВ;. ; 

The solution to the system of equations (4) 
expresses changes in equilibrium prices and 
quantities as functions of the policy variables, 
Ey, ^ and EB: і 


EP (S — Hy?(TEy - А— SEB) 
(5) | EP: |—-|(S — H)(TEy- А — HEB) 

EQ H(S — H) SH?TEy — A 

— SEB) 

Given these changes in the equilibrium con- 
sumption of commodities, the percentage 
change in the equilibrium level of nutrient 
consumption (calories in our case) is 


(6) ЕС = KEQ = KH(S – Hy 
(SH? TEy — А — SEB), 


where K isa 1 x n vector of k, the fraction of 
initial total calorie consumption provided by 
commodity i.4 

We have now established the functional re- 
lationship between the policy variables and 
the target variable (nutrient intake) for the 
simple case in which demand shifts (ГЕу) and 
price subsidies (EB) apply to the entire con- 
suming population. But income transfers and 
price subsidies often will apply to only a sub- 
set of the population, so we must stratify the 
demand equations. Equation (1) is replaced by 
separate demand equations for the poor and 
the rich strata. The solution to this expanded 
system of equations,? which can be derived in 
a manner analogous to (5), is 


(S – H)*(V,I, Ey, + УГЕ, — А — 


(S — V,H,) EB, TR V,H,EB, | 


(5a) 


(5 — Hy [V,I,Ey, + VI.Ey, 
= — А — V,H,EB, — (S — V,H,)EB,] 


(S — Ну (V,I,Ey, + У,Т,Еу, 


— A – V,H,EB, — V,H,EB.) 2 


H,(S — HS — V.H,)H^T,Ey, 


+ У,Г,Еу, — A — (S — V,H,)EB, — Ү,Н,ЕВ,] 


EQ, 


AS — A) [(Y T Eyp + (S — V,H,) 


H,?T,Ey, — A — V,H,EB, — (S — V,H,)EB,] 


з The percentage change in a variable x, represented as E(x), 
can be defined as E(x) = din(x) = dx/x. 

* Note that the results of the solutions (5) and (6) can be inter- 
preted as point elasticities. Equation (6), for example, expresses 
the percentage change in equilibrium calorie consumption as a 


linear function of, Say, 5, which is the percentage shift in the 


supply of commodity i. The slope dEC/d8 is the point elasticity of 
the effect of 8, on EC, which will be correct only to a first-order 
linear approximation for any noninfinitesimal 6,. 

"n The derivaticn of this solution can be obtained from the .аџ- 
thors. 
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modity consumed by the stratum displayed or 
the diagonal, vp: and о,;. Also, Hp, H, are n X n 
demand elasticity matrices by stratum; H is 
defined as V,H, + V,H,; Tp, Taren x 1 
vectors of income elasticities by stratum; Ey,, 
Ey, are percentage changes in income by 
stratum; EB,, EB, are n x 1 vectors of price 
subsidies by stratum. 

The percentage change in the equilibrium 
level of calorie consumption in the poor 
stratum is then 


(ба) EC, = К,ЕС, = K,H,(S — Н) 
(S — V,H,) Hp OP, Ey, + У„Г.ЕУ, 
— A – (S — V,H,)EB, — V,H,EB,], 


where K, is the 1 х л vector of calorie con- 
sumption weights in the poor sector. 


Treasury Costs of Achieving Consumption 
with Income Transfers: 


Direct income transfers to the poor sector will 
shift the demand for each commodity (by the 
poor sector) outward by the proportion y;Ey,. 
The net equilibrium nutritional impact of an 
income transfer to the poor, EC,/Ey,, we will 
refer to as the total income elasticity of calorie 
consumption. From (6a), the total income 
elasticity of calorie consumption by the poor is 


(1) EC, Lk HG — H)($ — УНН, Г, 
Ey, 
= -K,ZH,"T, 
where 2 = —H,(S — HYS — V.H,) = -Hp 


[1 — (S — VH.) VH]. 

Intuitively, this elasticity will consist of two 
parts, the first being the direct consumption 
effect of increased incomes among the poor, 
which Reutlinger and Selowsky refer to as in- 
come elasticity of demand for calories. The 
second part will be a dampening effect on con- 
sumption, resulting from price increases as the 
market system adjusts to the higher demand 
for food by the poor. 

The first part, the income elasticity of de- 
mand for calories, can be determined as a spe- 
cial case of (7) in which the elements of 
. S approach infinity, i.e., perfectly elastic 
supplies. In this special case, Z = —H,, and 
the income elasticity of demand for calories is, 
thus, 


EC, n 
= KI, = Кы . 
Еу, pip 2. pi Y pi 





(7a) 


Thus the income elasticity of demand for 
calories is just the weighted sum of income 
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elasticities of demand for commodities, with 
the weights being the proportion of the poor's 
calories provided by that commodity. This is 
the result obtained by Pinstrup-Andersen and 
Caicedo (p. 403). 

The other limiting case of interest is that for 
perfectly inelastic supplies, S = 0, in which 
case any extra food consumption by the poor 
can only be obtained by reduced consumption 
among the rich. In this case, 


Z=- oll + (V.H) V,H,]" 
= —[/ + HQUVHQUVA, 


so (7) can be written as 


(7b) = КЫП + H,(VH,)? Vp} Tp. 





EC, _ 
Ey, 
This is the analytical solution for the results 
obtained by Pinstrup-Andersen and Caicedo 
[eq. (7), p. 405]. 

In measuring costs, we shall, for the pur- 
poses of this paper, ignore administrative 
zosts and any social costs in terms of welfare 
criangles or other measures. The direct trea- 
sury costs of an income transfer Ey, will of 
course depend upon the initial per capita in- 
come of the poor, yp, and the number of poor 
persons. The treasury cost on a per-poor- 
person basis is simply 


(3) Gy = yyEy,, 


or, given the relationship between Ey, and 
calorie gain in equation (7), per person trea- 
sury costs can be expressed directly as a func- 
tion of calorie gains EC: 


(S) Gy = Yp (koZ H, !) ! EC,. 


Note that this is a linear relationship, i.e., an 
additional 1% increase in calorie consumption 
can be achieved at constant cost in terms of 
the fraction of current income required as an 
income transfer. 


Treasury Costs of Achieving Consumption 
with Food Price Subsidies 


We derived, in equation (6a), the nutritional 
impact of food subsidies offered only to the 
pocr consumer stratum. Before we examine 
the treasury costs of such policies, we should 
point out that the results of equation (6a) will 
hold oniy if the poor do not take advantage of 
the arbitrage opportunity to purchase food at 
the subsidized price and sell it to the rich con- 
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sumer sector via а black market.® If such arbi- 
trage were costless and if it occurred freely, the 
rich would tend net to buy any food on the 
open market, but instead would pay the black 
market price. The effect would then be for the 
entire consumer market demand to be chan- 
neled through the poor, so that the govern- 
ment in effect would subsidize the entire con- 
sumer sector, with results described by equa- 
tion (6) rather than (6a).7 Now, since arbitrage 
cannot be costless, one could not expect com- 
plete arbitrage to occur; but neither would one 
anticipate a total absence of arbitrage, as is 
implied by the results of equation (6a). While 
it would be of interest to describe more fully 
the equilibrium results as a function of the 
costs of or the extent of arbitrage, we have not 
done so. Instead, we will simply describe the 
results of the two extreme cases—a general 
subsidy to all consumers versus a subsidy only 
to the poor in which no arbitrage takes place. 

The treasury cost of general (i.e., for all 
consumers) price subsidies is equal to the 
amount of each subsidy, p;E6;, times final 
quantity, g;(1 + Еф), or 


(10) Св = Zpig;EB,(1l + Еа) 
= Xpiq;EB; + Zpiq;EBiEqi, 


or, in matrix notation, 
(109) | Gy = EB'RA + EB'REQ, 


where R is the л X n diagonal matrix with the 
diagonal elements consisting of initial expendi- 
tures (рф) on the ith commodity, and А is an 
n X 1 vector of 1’s. The change in quantities 
EQ, resulting from price wedges EB, is ob- 
tained from equation (5) and is substituted into 
(10a) to yield the cost equation 


(11) Gs = EB'RA — EB'RH(S — Hy 'SEB. 


By similar derivations, the treasury cost of a 
subsidy only to the poor sector can be ex- 
pressed as 

(12) Gsp = EB',R,A + EB',R,ZEB,, 
where R, is the n X n diagonal matrix of food 
expenditures by the poor. 


6 Ahmed (p. 40) cites evidence of such arbitrage under the dual 
price system for rice in Bangladesh. 

? This assumes that the government makes available any quan- 
tity that is demanded at the subsidized price. In Bangladesh, 
allotments of subsidized grain sometimes exceed household con- 
sumption (Ahmed, p. 40). 
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Now it is not possible to establish a direct 
one-to-one relationship between the treasury 
costs of subsidies and calorie gains achieved, 
because there are many values of the subsidy 
vector EB which could achieve a given calorie 
gain [see eq. (6a)]. One might naturally be 
interested in that subsidy vector EB which 
achieves a given calorie gain at lowest trea- 
sury costs, but we do not pursue that issue 
here. However, there will be a one-to-one re- 
lationship between treasury cost and calorie 
gain if the subsidy is uniform for all foods or 
for a subset of food commodities. In this case, 
the vector of subsidies can be represented as 
EB = TEB, where т is a vector consisting of 
zeros for commodities not subsidized and ones 
for commodities subsidized, and where Ef is а 
scalar representing the size of the uniform 
subsidy. 

First consider a uniform subsidy for all con- 
sumers. The treasury cost as a function of the 
subsidy is 


(13) Св = ЕВт'КА — т'ЕН(5 — HYSTE. 


Solve equation (6) for EB and substitute into 
(13) to obtain treasury costs as a quadratic 
function of calorie gains: 


(14) 

б» = (-«'RA[K,H,(S — HYST] EC, 

= {m RH(S – H) Sal K,H,(S — H) Sq]?) 
EC,?. 


By a similar derivation, the cost of calorie 
gains with a uniform subsidy for the poor sec- 
tor only can be derived as 


(15) Gg, = [T'R AK Zr) EC, 
+ [m R,Zr(K, 2л) ЕС. 


A special case of uniform subsidies of some 
interest is the subsidy of a single commodity i, 
which was examined in some detail by Reut- 
linger and Selowsky. Ifthe supply and demand 
elasticity matrices are diagonal, as they as- 
sume, equation (15) can be reduced to an ex- 
pression in terms of own-price elasticities as 


Didi ( _ Nü 
— kpripii €i 


——l__ ЕС, a) 
Кытаи s 
This is exactly the result obtained and used by 
Reutlinger and Selowsky [eq. (25), p. 45]. 
Similarly, the cost of a ‘‘poor-only,’’ single- 


(16) Gg = 


(sc, + 
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commodity subsidy with diagonal supply and 
demand elasticity matrices can be derived 
from (16) as 





(17) Ga, = 22 | f, Uoni __ 
7 kor'llpii € — Uri'»i 
EG, st ЕСУ) 
рї 


The linear terms of either (16) or (17) indi- 
cate the relative marginal costs of achieving 
the fizst marginal units of calorie gains from 
subsidizing the commodity. 


A Colombian Case Study 


In this section the analytical model is used to 
examine potential intervention policies for the 
city of Cali, Colombia. Specifically, we wish 
to compare the cost effectiveness of an income 
transfer versus certain food subsidy schemes, 
for raising calorie consumption among the 
malnourished. 

The general characteristics of the sample 
population are described by Pinstrup-An- 
dersen, de Londofio, and Hoover (1976, 
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table 1). They grouped the sample into five 
income strata. The lowest income group (with 
annual per capita income of $60) we designate 
as poor (p). Their actual calorie intake of 1,904 
calories per capita would have to increase by 
12.36% to attain the recommended daily al- 
lowance (RDA) of 2,140 calories. The remain- 
ing four income categories we group together 
under the heading ‘‘rich’’ (r), because in each 
the average per capita calorie consumption 
approximatzly equals or exceeds the RDA. 
The annual per capita income of the lowest of 
these four strata is but $107 (1970 dollars), 
which sktould serve to caution us from infer- 
ring more from these labels than calorie 
sufficiency. 

We will use the results of the analytical 
model to examine the treasury costs of in- 
creasing the calorie intake of the poor both at 
the margin and ty amounts up to 12.36%. In 
the study of this population, twenty-two food 
commodities were identified, as listed in table 
1. The demand elasticity matrices as estimated 
by Pinstrup-Andersen for each of the strata 
were made <evailable to us, permitting us to 
construct H, and H, corresponding to the poor 
and rich groups. No information about S, the 
supply elasticity matrix, was available, so we 








Table 1. Characteristics of Foods 
Own- 
Income Price 
Elasticity Elasticity 

of of Budget Caloric Caloric 

Price Demand Demand Share Density Share 

Commodi:y (Pesos/Kg.) (Poor) (Poor) (Poor) (Cals./Gm.) (Poor) 
1. Beef 15.0 1.5 —1.5 0.11 2.3 0.03 
2. Pork 14.7 2.0 —1.9 0.03 2:5 0.01 
3. Eggs 8.9 1.4 -1.3 0.03 0.9 0.01 
4. Milk 2.5 1.6 —1.8 0.03 0.6 0.02 
5, Rice 3.7 0.4 —0.4 0.08 3.6 0.16 
6. Maize 2.1 0.6 —0.6 0.05 3.2 0.15 
7. Beans 8.4 0.8 —0.8 0.04 3.0 0.03 
8. Lentils 12.8 0.9 —0.9 0.01 3.2 0.01 
9. Peas 13.3 1.1 —1.1 0.01 0.4 0.00 
10. Other grains 4.1 0.9 —0.9 0.05 3.4 0.08 
11. Potatoes 2.1 0.4 —0.4 0.04 0.9 0.04 
12. Cassava 1.6 0.2 —0.2 0.04 1.5 0.08 
13. Vegetables 2.6 1.1 —1.1 0.05 0.2 0.01 
14. Tomatoes 5.7 1.2 —1.2 0.05 0.2 0.00 
15. Plantain 1.8 0.3 —0.5 0.05 1.4 0.08 
16. Oranges 1.4 1.1 -1.4 0.03 0.3 0.01 
17. Other fruits 5.0 1.3 -1.3 0.03 0.3 0.00 
18. Bread and pastry 6.6 0.6 —0.7 0.03 3:5 0.03 
19. Butter and margarine 16.0 2.4 -2.8 0.01 7.3 0.01 
20. Sugar 2.8 0.3 —0.3 0.05 3.8 0.15 
21. Oils and fats 9.5 0.8 —0.8 0.04 8.7 0.07 
22. Processed food 14.3 1.9 -1.9 0.02 4.0 0.01 





Source: Per Pinstrup-Andersen (personal communication). 
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have assumed it to be diagonal, with all elas- 
ticities equal. We examined results, using elas- 
ticity values of 9, 0.5, 1.0, and 2.0. As the 
results did not differ greatly, we present here 
only those results for the values of 0.0 and 1.0 
for all supply elasticities. 

The results presented in table 2 show that, 
except for the maize price subsidy (which is 
lowest in cost), the uniform subsidy of ‘‘all 
grain" provides the least-cost marginal in- 
crease in calorie consumption, followed by 
subsidies of other individual commodities and 
all foods together, the direct income transfer, 
and the general food subsidy for all persons, in 
that order. The results are not very sensitive 
to supply elastizity, since the poor stratum is 
in this case quite a small proportion of the 
population, ard prices are not therefore 
greatly affected. 

The cost per increase in calorie consump- 
tion attained with price subsidies rises with the 
amount of the calorie increase realized, be- 
cause the cost functions [eqs. (12), (14), and 
(15)] are quadratic. As is evident from the 
plots of some of these costs functions in figure 
2, however, the quadratic term does not cause 
a significant departure from linearity over the 
relevant range of calorie consumption in- 
creases. À more serious approximation error 
over this range arises from nonlinearity in the 
demand curves as the size of the subsidy in- 
creases. Our model utilizes point estimates of 
the elasticity of demand and generates point 
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estimates of the elasticity of equilibrium dis- 
placement. As we examine finite equilibri- 
um displacements, the model approximates 
changes in quantity demanded as Eq = nEp* 
effectively by a linear demand curve over 
which 7 holds as an arc elasticity. The model 
itself provides no sensitivity analysis which 
permits us to determine the size of the errors 
introduced by departures of the demand 
curves from linearity. However, we have ex- 
amined the subsidy limit at which the demand 
curves cross the horizontal axis, as an indica- 
tion of where the estimates certainly become 
unrealistic. In the case of a maize price sub- 
sidy with unit supply elasticities, this limit oc- 
curs with a calorie increase of about EC, = .10. 
That is, with linear demand curves exhibiting 
arc elasticities as shown in table 1, calorie 
consumption among the poor can be increased 
only about 10% if the maize is given away to 
the poor stratum. The comparable limits for 
subsidies of other commodities are even 
smaller. We conclude from this that our model 
does not accurately predict the equilibrium 
displacements from single commodity sub- 
sidies except for small increases in calorie 
consumption, say in the vicinity of 1% or 2%. 

By contrast, the uniform subsidy of all 
grains (maize, rice, and other grains) requires 
a price reduction to the poor of ‘‘only’’ about 
45% to achieve the full 12% increase in calorie 
consumption, and the uniform subsidy on all 
twenty-two commodities requires a price re- 


Table 2. Annual Treasury Costs per Poor Person for Increased Calorie Consumption among the 


Poor 





Type of Intervention 


Supply Elasticities — 0 Supply Elasticities = 1.0 





Direct income transfer to the poor? 


Price subsidy to the poor for individual commodities? 
Beef 
Rice 
Maize 
Other grains 
Potatoes 
Cassava 
Sugar 
Uniform price subsidy to the poor for several 
commodities* 
All grains (raaize. rice and other grains) 
All food 


Uniform price subsidy all food, all people? 


($ 1970) 


2.92 EC, + 174.81 EC,2 3.44 EC, + 258.26 ЕС? 


.S8EC, + 2.46 ЕС, S2EC,- 2.29 EC; 
36 EC, + 2.21 ЕС, 29 EC, + 1.75 EC, 
S6 EC, + 632 EC, ALEC, + 470 ЕС, 

1.10 EC, + 15.81 EC, .84 EC, + 11.98 ЕС? 
94 EC, + 6.09 ЕС. 70 ЕС, + 4.38 ЕС, 
.59 EC, + 2.80 EC,? 47 ЕС, + 2.20 ЕС, 
.50 ЕС, + 1.00 EC,? 40 ЕС, + .92 ЕС,2 
97 EC, + 1.50 EC, 83 ЕС, + 1.22 EC? 

ы» ыы 9.32 EC, + 6.07 EC? 





? Calculated us.ng equation (9). 

> Calculated using equation (15). 

* Calculated using equation (15). 

4 Calculated using equation (14). . 
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duction of less than 20% to achieve that :n- 
crease in consumption. Hence, approximation 
errors due to nonlinearity of demand and sup- 
ply curves will be substantially smaller for 
subsidies of groups of commodities. Even s», 
this model is best suited to the prediction of 
equilibrium displacement from relatively smell 
interventions in the market. 

Recall that the predicted nutritioral impact 
of these price subsidies to the poor would 
occur only if there were no arbitrag sales cf 
subsidized food by the poor to the rich. W2 
earlier argued that in the limiting case of com- 
plete and costless arbitrage, where all food 
purchases are channeled through the poor, the 
treasury costs and calorie gains would be the 
same as in the case of general price subsidy tc 
the entire population. With a general uniform 
subsidy, the cost of achieving nutritional gain 
in the poor stratum would increase dramat- 
ically. The cost to achieve a given calorie 
target is about ten times the cost requi-ed fora 
"poor-only" subsidy for which arbitrage 
could be excluded. Figure 2 provides some 
indicetion of this dramatic increase. 

To provide estimates to compare wih other 
studies, we have used equation (7a) to deter- 
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Figure 2. "Treasury costs as a function of the 


increase in calorie consumption, with unit sup- 
ply elasticities 
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mine that the income elasticity of demand for 
calcries within the poor stratum is 0.63. Given 
unit supply elasticities, however, price in- 
creases would dampen this direct income ef- 
fect. so that the total income elasticity of 
calo-ie consumption is [from eq. (7)] slightly 
lower, 0.60. For zero supply elasticities, the 
estimate falls further to 0.51. (This compares 
to am estimate of 0.54 implied by table 5 in 
Pinstrup-Andersen and Caicedo, which they 
derived from an iterative equilibration analysis 
of the same data). The price-dampening effuct 
on income elasticity is small in this case study 
because the poor stratum comprises only 18% 
ofthe population, and their increased purchas- 
ing power bas a modest effect on prices. Our 
estimate of 0.63 for income elasticity of de- 
mand for calories compares favorably with 
Ahmed's estimates of calorie expenditure 
elasticity among the poor of Bangladesh (0.5 
to 1.:7 for various strata within the poor). 
Howe ver, it is considerably higher than the 
estimate of 0.19 given by Reutlinger and 
Selowsky (p. 72) for all of Latin America. 
Their estimates apply to consumers as a 
whole, rather than just to the poor strata, and 
they based their estimates on national aggre- 
gate ccnsumption data rather than on house- 
hold detz. 

Summarizing the results of this case study, 
it appears that the lowest-cost-feasible policy 
to achieve substantial increases in calorie con- 
sumpticn would be a price subsidy on grains, 
at an anaval cost of about $.40 per poor person 
for eack 1% increase in calorie consumption. 
A price subsidy for all foods for the poor could 
achieve the same results for about $.83 per 
person. However, arbitrage sales from the 
poor to -he rich would raise the costs of such 
orice subsidy programs; and it is quite possible 
zhat even with modest levels of black market 
activity, the cost of achieving the calorie 
target with price subsidies could exceed the 
$1.00 annual cost per person for achieving 
each 1% gain using a direct income transfer. 


Summary and Conclusions 


We have developed an analytical model of 
equilibrium displacement with which the ef- 
fects of a wide variety of food market inter- 
vention policies can be evaluated and com- 
pared. This model derives point elasticities of 
nutrient consumption in response to market 
wedges or to shifters of demand and supply. 
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These elasticities are then used to determine 
treasury costs as a function of increases in 
nutrient consumption, for various intervention 
policies. 

We used the results of this model to exam- 
ine the case of consumers in Cali, Colombia. 
Information was available by income stratum 
on demand elasticities and food expenditures, 
together with дата on the caloric content and 
prices of twenty-two food commodities. For 
the poorest income stratum (the only one for 
which average p2r capita caloric consumption 
was below the target level of 2,140 calories per 
day), we calculated the income elasticity of 
demand for calories to be .63, and the total 
income elasticity of calorie consumption (in- 
cluding equilibrium price adjustment effects) 
to be .60. Including these price adjustment 
effects, we determined that to achieve each 
1% increase in calorie consumption, the re- 
quired annual per capita income subsidy 
would be about $1.00. 

We found that a 1% increase in calorie con- 
sumption could be obtained with a price sub- 
sidy on all commodities for the poor at a trea- 
sury cost of about $.83 per person per year, 
which is slightly less than the cost of the in- 
come subsidy approach. It would be even less 
expensive to achieve marginal consumption 
increases by subsidizing certain commodities 
or groups of commodities, rather than to sub- 
sidize all fooc commodities equally. For ex- 
ample, a subsidy of the price of grains (rice, 
maize, and ‘‘other grains") would achieve a 
1% consumption increase at an annual cost of 
only $.40 per person. The cost of any of these 
price subsidy schemes will be increased to the 
extent that black markets funnel subsidized 
goods through the poor sector into the rich 
sector. 

In addition to the limitations of our model 
imposed by its linearity, there are other lim- 
itations of this approach which should not be 
overlooked. 'We have examined only the direct 
treasury cos:s of these intervention policies, 
ignoring administrative costs and social cost 
triangles or other measures of social welfare. 
We have ignored the issue of where govern- 
ment funds for intervention might be obtained 
and the impact that such fundraising itself 
would have on food markets. Finally, we have 
taken the noneconomic goal of increased 
calorie consumption as a given. The validity of 
this as a goal, versus simply an increase in real 
income as г goal, is certainly an issue for de- 
bate. Furthermore, increased calorie con- 
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sumption may not be the best route to im- 
proved health status among the poor, given 
such alternatives as medical care, improved 
sanitation, or nutrition-oriented education of 
household decision makers (Franklin and 
Vial) However the approach of this study 
does provide some new insights and perspec- 
tives for examining the efficiency and costs of 
policies oriented toward increasing nutrient 
consumption in low income households. 


[Received April 1980; revision accepted 
August 1980.] 
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Farm Level Economics of Soil Conservation 
in the Palouse Area of the Northwest 


Oscar R. Burt 


Control theory is applied to the farm level economics of soil conservation in a model 
which uses depth of topsoil and percentage of organic matter therein as the two state 
variables. An approximately optimal decision rule was tested against the optimal rule and 
found to be excellent; errors in the decision rule were less than one percent within the 
region in state space of practical consideration. Results suggest that intensive wheat 
production under modern farming practices and heavy fertilization is the most economic 
cropping system in both the short and long run in the Palouse Area except under low 


wheat prices. 


Key words: control theory, dynamic programming, Palouse area, soil conservation. 


In many respects, it appears that the econom- 
ics of soil conservation has been a neglected 
subject in agricultural economics during the 
last two or three decades except as it relates to 
stream pollution and externalities. The most 
obvious reason for this apparent lack of inter- 
est in the subject is the view that advances in 
technology have made soil resources per se of 
less consequence for agricultural production. 
One outstanding example of the impact which 
technical change has had is in nitrogen fertili- 
zation since World War II. 

In 1940, Ibach focused on topsoil in the 
Corn Belt as the critical resource determining 
value of agricultural land and used pounds of 
nitrogen per acre in the topsoil as a measure 
for estimating land values. With cheap sources 
of inorganic nitrogen made available by mod- 
ern technology and its widespread use, this 
attention to topsoil as г source of nitrogen is 
largely obsolete. In a sense, topsoil was trans- 
formed by modern technology from a primar- 
ily stock resource into a largely renewable re- 
Source for purposes of practical decisions. But 
rising energy costs the last few years reem- 
phasize the role of relative costs in delineating 
the important economic issues during any par- 
ticular era. 

In spite of advances in technology. those 
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already experienced and forthcoming, eco- 
nomic trade-offs in soil conservation can be 
important. Economic knowledge in soil con- 
servation, which is usually quite specific to 
localized areas and regions, could be impor- 
tant in national agricultural policy decisions 
(Benbrook), as well as useful information for 
improved resource allocation at the farm level. 
The primary purpose of the research reported 
here was to explore what could be learned by 
an application of modern economic methodol- 
ogy (control theory) to a region which is prone 
to soil erosion. In addition to these illustrative 
empirical results, it is shown that the approx- 
imation method given in Burt and Cummings 
(1977) works extremely well in applications to 
Soil conservation. 

The issue of externalities and social costs of 
sedimentation and pollution in streams has 
been avoided purposely in this study. But, 
insofar as soil losses impose these additional 
costs on society, there exists an incentive for 
government to subsidize soil conservation 
measures and/or to penalize farming systems 
which are relatively erosive on the soil. 


The Wheat-Pea Area of the Palouse 


The study area is what is commonly called the 
wheat-pea area of the Palouse, lying mostly in 
eastern Washington and western Idaho. The 
soil is rich, and precipitation is usually ade- : 
quate to produce relatively high yields cf 
wheat, but the topography is rolling hills with 
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steep slopes which create soil erosion prob- 
lems when farmed. The average slope of the 
land is about 13%, but some of the stee»er 
farmed slopes approach 5096 (Pawson et al.). 
This region probably has the roughest topog- 
raphy of any area in the United States that is 
planted to significant acreages of wheat. 

The soil is deep loess, with a soil man:le 
depth of over 100 feet, except in the bottoms 
of the draws where the minimum depth is 
about 10 feet. Therefore, soil erosion does not 
threaten the most basic soil resource, namely, 
the soil mantle of potentially productive par- 
ent material. 

The primary hazards from soil erosion are 
gullying and loss of organic matter and topsoi.. 
Depth of topsoil varies considerably in rela- 
tion to slope and location on the hill. The tops 
of the hills have relatively shallow topsoils of 
less than 6 inches, with a relatively low per- 
centage of organic matter. In general, the 
depth of topsoil increases with movement 
down the slopes of the hills, reaching 24 inches 
near the bottom, the average depth on the 
lower slopes being 21 to 24 inches. Percentage 
organic matter in the top 6 inches tends to 
increase with the depth of topsoil and aver- 
aged about 3.396 in 1960 (Pawson et al.). 


Specification of the Model 


Because soil losses are not a threat to the soil 
mantle itself on the loess soil of the study area, 
two state variables, (a) depth of topsoil and 
(b) percentage of organic matter in the top 6 
inches of soil, would appear to capture the 
essential information in the dynamic optimiza- 
tion problem of soil conservation decisions. 
State variables in a dynamic optimization 
problem must encompass sufficient informa- 
tion on the decision process so that when the 
variables are at given levels at a point in time, 
the history of the decision process is almost 
completely subsumed for purposes of optimal 
decisions in the future. The state variables can 
hardly subsume all of the pertinent informa- 
tion on the history of the decision process, but 
must do so within the limits of approximations 
which are considered acceptable for an empir- 
ical mocel. The two state variables specified 
here will suffice if the soil at a given site is 
relatively homogenous in its vertical profile 
below tke topsoil. Gullying is not a serious 
problem when farming practices are within the 
limits implied by the crop rotations allowed in 
this study. 
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Strictly speaking, there are many other state 
vaciables associated with plant nutrients and 
the soil chemistry, but these are swept aside 
and the focus is on variables more directly 
affected by erosion. Plant nutrients and vari- 
ous measures of the soil chemistry are affected 
by soil erosion, but physical soil losses and 
changes in organic matter (our two state vari- 
ables) should indirectly measure a substantial 
part of the influence of erosion on individual 
nutrients and changes in the soil chemistry, as 
well as some of the changes in the biological 
base of the soil. 

Ест a given soil (particular location), depth 
of th topsoil and percentage of organic matter 
taken jointly probably reflect general soil fer- 
tility quite well. This statement should not be 
construed to mean that these two variables 
explain most of the variation in fertility across 
locations because the basic parent material 
and other factors change across locations. In 
soil conservation decisions, the concern is 
with changes in productivity over time at a 
given site; thus, it is expected that the two 
state variables jointly reflect changes in fertil- 
ity with sufficient accuracy if the fertilization, 
cultural practices, and crop rotations also are 
taken .nto account in the dynamic model. 

Another important role of these two state 
variables is to measure indirectly soil struc- 
ture, which is fundamental to soil aeration and 
permezbility. In the steeply rolling hills of the 
Palouse, good water penetration of the soil is 
extremely important in crop production. Poor 
soil structure on steep slopes could seriously 
depress wheat yields because of poor utiliza- 
tion of rainfall. Soil structure also has a direct 
effect on the erosion process itself. 

Decision variables encompass all possible 
farming practices and crop rotations which 
jointly affect soil organic matter, physical soil 
losses through erosion, and net cash flow from 
‘he lanc resource. ‘‘Lumpy’’ investments, 
3uch as construction of terraces, are not con- 
sidered here, but the type of analysis under- 
taken is a prerequisite to economic analysis of 
such investments. Obviously, some method 
must be cevised to reduce the number of deci- 
sion varigbles to a feasible number, preferably 
one ог two. | 

The empirical measures and data for this 
application came from Horner et al. and Paw- 
son et al. Those measures and data largely 
determined the set of cultural practices and 
rctations то be considered. Fertilization and 
cultural practices were taken as given for a 
particular rotation, which relegated decisions 
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to a choice: of rctations. It turned out that a 
single decision vzriable, percentage of the land 
in wheat, could be used by eliminating rota- 
tions that were dominated by others with at 
least as high net returns and less soil loss. 
Changes in organic matter are highly corre- 
lated with soil losses, which made the domi- 
nant rotations based on soil losses also domi- 
nant with respect to changes in organic matter. 
One exception was a rotation with high fre- 
quency of green manure crops. Net returns for 
this rotation were relatively low and it would 
appear to be relevant only under conditions of 
low organic matter. Rather than introduce a 
second decision variable, frequency of green 
manure crops, the simpler model with one de- 
cision variable was used. 
Although the percentage of land area in 
‘wheat cannot be treated as a strictly continu- 
ous variable, the model was specified with a 
continuous decision variable so that an ap- 
proximation procedure for dynamic optimiza- 
tion models could be evaluated precisely. If 
one is willing то interpolate between rotations 
already tested in experiments and small mod- 
ifications in these rotations, then the measures 
required in th» economic analysis can be esti- 
mated for many different levels of the decision 
variable (percentage of land in wheat). There 
is also an opportunity to use different rotations 
on several areas of the total farm and thus 
provide additional tevels of the decision vari- 
able. Consequently, treatment of the decision 
variable as if it were a continuous variable is 
not a constraining or limiting assumption. 
Crop rotations tend to be a rather static 
concept where a separate field is visualized for 
each year of the rotation. To be completely 
accurate, crops grown on various fields of the 
farm within the past few years would need to 
be introduced as state variables, and a deci- 
sion variable would be required for each field 
to designate which crop to plant. Neverthe- 
less, a model containing only depth of topsoil 
and percenzage of organic matter as state vari- 
ables, with average percentage of the land in 
wheat as 2 decision variable, will work well 
because the state variables change slowly over 
time. In fzct, the discrete time period of the 
dynamic model could be specified as a five- or 
ten-year period without much loss in preci- 
sion, but an annual model is used. The derived 
decision rule from the annual model can be 
interpreted rather loosely because crop rota- 
tions may be changed infrequently with essen- 
tially no loss in economic efficiency. The ap- 
propriate criterion is maximum present value 
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of net returns from the land resource over an 
infinite planning horizon. If the farmer’s plan- 
ning period is finite, it is assumed that the 
market for land will reflect the implicit value 
associated with various levels of the state 
variables. The following notation is intro- 
duced: x is depth of topsoil in inches; y is 
percentage organic matter in the upper six in- 
ches of soil; и, percentage of land in wheat; r, 
the discount rate (in real terms adjusted for 
inflation); $(u,x,y). annual soil loss function 
(inches); A(u,x,y), annual organic matter loss 
function (same units as y); and G(u,x,y), an- 
nual net returns function (dollars per acre). 
The dvnamic optimization model can be stated 
as 


(1) Y С(и.,х,у)/(1 E ry, 
t=1 
a maximum with respect to 44, из, . . . , subject 
to 
(2) Xii = Xe — ф(ш х,у), 
(3) Yea = Ye — hg х,у). 


Estimation of Functional Relationships 


All of the empirical measures and data are . 
taken from Pawson et al. and Horner et al. To 
some extent, the model had to be simplified to 
accommodate the limited information avail- 
able, and the data base is about twenty years 
old. 

In seeking data and/or the necessary func- 
tional relationships for an application in soil 
conservation economics, nothing comparable 
to the information in Pawson et al. and Horner 
et al. could be found, let alone in published 


. form. Information on the dynamics of organic 


matter and its influence on crop yields is par- 
ticularly scarce. For regions with a shallow 
soil mantle, ore would need to quantify the 
influence of a declining root zone on crop 
yields. Because there are deep loess soils in 
the Palouse, there is no need to measure this 
influence. 

The twenty-year-old data raise two ques- 
tions: (a) Are relative prices and costs rele- 
vant today and in the future? (b). Has technol- 
ogy changed so much that the basic biological 
and physical relationships are no longer a good 
approximation? The problem of relative prices 
and costs is dealt with by considering a range 
of wheat prices while holding other prices and 
costs constant. A proportionate increase in all 
prices and costs will not affect optimal inter- 
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temporal allocation of soil resources, except 
for slight distortions in the short run emanat- 
ing from such factors as fixed costs in ma- 
chinery. More precisely, a proportionate in- 
crease in the net return function G(-) in equa- 
tion (1) will have a neutral influence, as can be 
seen by the derived decision rule equation п 
Burt and Cummings (eq. 26, p. 16). 

Because wheat price is treated as a variabie 
parameter, it can be deleted from the discus- 
sior on relative costs and prices. Field peas 
and alfalfa hay are the other crops in the rotz- 
tions considered. The analysis was done using 
195& costs and prices assumed by Pawson et 
al., $3.50 per hundredweight and $15.00 pe- 
ton or peas and alfalfa, respectively. These 
crop prices are about 25% less than the aver- 
age prices received by farmers in Washington 
around 1958. Apparently because of the lim- 
ited local market for hay and the dominance of 
the Palouse in the national market for field 
peas, Pawson et al. discounted these prices 
somewhat. The result is a bias against soil 
conservation. 

The adjustment factor to transform costs 
into 1978 dollars is 2.66, based on prices paid 
by farmers for production items, taxes, inter- 
est, and wages. The average prices received 
by U.S. farmers during 1954—58 were $4.67 
per huadredweight and $20.82 per ton for peas 
and alfalfa hay, respectively. Inflation of these 
prices by the factor 2.66 gives $12.42 and 
$55.38 for peas and hay. Average prices during 
1974—78 were calculated for comparison, but 
the averaging was done in deflated dollars. 
Then the results were inflated to 1978 dollars 
because of the rapid rate of inflation during the 
period; the results were $12.15 and $64.24 for 
peas and alfalfa, respectively. Adjusted prices 
of peas in the two periods are almost identical, 
but the »rice of alfalfa is about 2096 higher in 
the latter period. With respect to prices and 
costs in 1978 compared to 1958, we conclude 
that the price of alfalfa hay was enough greater 
in 1978, that the soil conservation analysis re- 
ported below is somewhat biased toward 
greater wheat production, and thus, more 
exploitive use of the soil resource. Of course, 
the critical unknown is long-run trends in rela- 
tive prices and costs during the decades 
ahead. 

In regard to the second question, dealing 
with technological changes, it would appear 
that the changes have been heavily weighted 
in the direction of larger wheat compared to 
alfalfa yields. However, greater wheat yields 
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enter symmetrically with wheat price in de- 
termining gross returns from wheat, so that 
parameterization of wheat price can be inter- 
preted as changed yield expectations with 
fixed price or a change in price with fixed 
yield. 

Technological changes that lower produc- 
tion costs probably have been about equally 
distributed among the three crops used in the 
rotations. Cultural practices and levels of fer- 
tilization assumed in Pawson et al. were quite 
advanced for actua! farming practices during 
thet time; the level of elemental nitrogen fer- 
tilization was as high as 100 pounds per acre in 
the rotations used to develop empirical rela- 
tionships for this study. 

No attempt was made to project technolog- 
ical change into the future because it is such a 
multidimensional phenomenon that the effects 
on intertemporal allocation of soil could be 
either exploitive or conserving. Consequently, 
the functional relationships in (1) through (3) 
are assumed constant over time. 

The data presented in table 18 of Pawson et 
al. (p. 51) on various crop rotations is used as 
the primary basis for determining the func- 
tions G(uxoy). ó(uxsy). and Л(и,,х,,у,), 
i.e., annual net returns, soil losses, and or- 
ganic matter losses. Annual changes in organic 
matter for the first ten rotations in their table 
18 are given in the last row of table 15 (p. 31); 
the changes are from a base of 3.3% organic 
matter. Comparable changes in organic matter 
from three of the remaining thirteen rotations 
of t&ble 18 were obtained from a linear regres- 
sion between organic matter changes and soil 
losses. The regression used only rotations that 
-ncluded alfalfa hay and winter wheat, because 
these rotations dominated the other rotations 
on the basis of net returns per unit of soil 
losses. Six rotations ultimately were selected 
zs an empirical basis for estimating the three 
finctions in (1), (2), and (3); these were the 
rotations associated with rows 3, 8, 10, 18, 20, 
and 23 in Pawson's table 18. 

Relatively heavy nitrogen fertilization of 
wheat is assumed (Pawson et al., table 11, p. 
27). Average depth of topsoil is 18 inches and 
average organic matter is 3.3%. 

A relationship between wheat yields and the 
state variables is required, and this was avail- 
akle in Pawson et al. (p. 66): 


(4j У=а + 35.1 (1— .92)(1 — .6/), 


where x is depth of topsoil and y is percentage 
of organic matter in the top 6 inches of soil. 


Burt 


The parameter ''a" is a constant representing 
yield theoretically obtainable on subsoil. 

Gross returns and costs per acre for each 
rotation are given in Pawson et al. for average 
topsoil depth and organic matter equal to 18 
inches and 3.396, respectively. Percentage of 
land in wheat under each rotation is also avail- 
able. An important task was to incorporate the 
influence of state variables, topsoil and or- 
ganic matter, into the net return structure of 
each rotation. Multiplication of (4) by the 
product of wheat price and the proportion of 
land in wheat provides a term which measures 
the effect of the state variables on returns, 
viz., 


(5) 35.101 — .9=)(1 — .6")P,,u/100, 


where P, and u are the price of wheat and 
percentage of the land planted to wheat, re- 
spectively. Net returns for a given rotation are 
adjusted downward by subtracting out (5) with 
x = 18 and y = 3.3; then (5) is added back as 
an algebraic term to get an equation in x and y. 
Let the net returns partitioned in this way be 
denoted | 


(6) 
R(usPy) + uP,5.1)(1 — .9®)(1 — .6”)/100. 


For each of the six ‘‘efficient’’ rotations se- 
lected, as described earlier, there is a unique 
value of u and a calculated value of R(u;P,,) at 
a given wheat price. A quadratic function was 
fitted to these six data points to get an estimate 
of R(u;P,) with price at $1.60 and $1.20 in 
1957—58 dollars ($4.25 and $3.20 in 1978 dol- 
lars). These two fitted equations serve as the 
empirical estimate of G(u,x,y) in (1) and are of 
the general form, 


(7) bo + bu + by? + cu(1l— .97)(1 — .6°). 


Parameter values for the two different prices 
of wheat are given in table 1. 

Fertilization rates, particularly nitrogen, are 
implicit in the function R(u,P,) given in (6) 





Table 1. Parameters for the Net Return 
Equation 

Wheat 

Price bo bi bs c 
($ 1957—58) 

1.60 5.41 .06635 — .001023 56.16 
1.20 5.48 —.02453 —.001089 42.12 





Note: These parameters and prices can be converted to a measure 
in 1978 dollars by multiplication by 2.66. 
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and increase directly with и, the percentage of 
land in wheat. Fertilization rates vary across 
the crop rotations, and consequently, change 
with the level of 4. However, data were not 
available to permit fertilization rates to be 
made functions of the state variables, and this 
is recognized as an important limitation when 
the state variables are substantially depleted 
from existing levels, particularly in the one 
state variable model presented below. 

The two wheat prices of $4.25 and $3.20 in 
1978 dollars probably bracket the most likely 
prices to prevail in the near future. During 
1970—79, the average wheat price received by 
farmers in the United States was $3.62, when 
calculated in constant dollars and measured in 
1978 dollars. Therefore, $4.25 might be viewed 
as a relatively high price based on recent ex- 
perience, but average prices in Washington 
have frequently been higher than the U.S. 
average in recent years (40g in 1978). 

The rotation data in Pawson et al. provide 
organic matter losses from a base of 3.396, but 
this information is not adequate to estimate 
h(u,x,y) in (3). A linear relationship between 
average annual changes in organic matter 
(percent) and the level of organic matter at the 
time of initial sampling is presented in figure 3 
of Horner et al. (p. 10), which suggests that a 
linear first-order difference equation would 
describe the dynamics of soil organic matter. 
The average of annual changes over several 
years is a good estimate of year-to-year 
changes for a given level of organic matter 
because the changes are so small. 

The following general relationship is postu- 
lated for soil organic matter changes in the top 
6 inches of soil: 


(8) Yar у = alu) + By, B < 0. 


The constant term (и) is dependent on the 
crop rotation; but within the decision model, 
the percentage of land in wheat, u, determines 
the crop rotation. The parameter 8 was esti- 
mated to equal —0.01 from the graph in figure 
3 of Horner et al. Checks on the data sug- 
gested that В was quite stable across many 
rotations and approximately equal to — 0.01. 

The intercept a{u) in (8) was estimated for 
each of the selected six rotations from the 
information on annual changes in organic mat- 
ter from a base of 3.3% given in Pawson et al., 
under the assumption that 8 equals —0.01. 
From (8), it is seen that 


(9) alu) = Yur — (1 + В)у;. 
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The information on individual rotations per- 
mits calculation of the right-hand side of (9) 
when у, = 3.3. The six rotations gave six deta 
points for и and о(и), to which a quadratic 
function was fitted. Using this equation for 
о(к) and (8) with 8 = —0.01 gave the following 
estimate: 


(10) h(u,x,y) = —.0452 + .857(10)~4u 
+ .478(10)754? + .01». 


Notice that depth of topsoil, x, does not enter 
in (10) and A(u,x,y) is defined as losses in 
organic matter. 

Unfortunately. sufficient data or informa- 
tion from published work could not be found 
to estimate the influence of soil organic matter 
on erosion losses. Therefore, soil losses were 
estimated as a function of the decision variable 
u, independently of the state variables, whick 
does not allow organic matter to reflect its 
favorable influence on soil structure and asso- 
ciated reduction in soil losses. Soil losses are 
given in Pawson et al. for each rotation, which 
provided six data points in association with 
the six selected rotations. A quadratic func- 
tion was fitted on these data points to get 


(11) 
ф(и,х.у) = .0025 + .000261u + .1286(10)79u?, 


which completes the empirical measurement 
task. 


Analysis of the Model 


Soluticn of the optimization problem ir (1) to 
(3) results in a decision rule expressing the 
decision variable и as a function of the state 
variables x and y. An approximation to this 
decisioa rule was obtained by using the meth- 
odology presented in Burt and Cummings 
(1977). An exact solution can be obtained by 
application of nonlinear programming to the 
optimization problem (Burt and Cummings 
1970). Frobably the most practical method to 
get an exact solution to a problem or this 
dimension is with dynamic programming 
(Bellman). 

The approximately optimal decision rule for 
the soil conservation application is a special 
case of solving equation (26) in Burt and 
Cummings (1977, p. 16); only one equation out 
of the pair given there is required because 
there is only one decision variable. A simple 
computer program was written to calculate the 
solution of the equation implied by the approx- 


Amer. J. Agr. Econ. 


imately optimal decision rule. Each state vari- 
able was started out at its lower bound and 
systematically incremented after a solution for 
the decision variable was obtained for a given 
pair of values of the state variables. This pro- 
cedure generated the decision rule for the en- 
tire domain of the two state variables. Solu- 
tions were computed for a range of interest 
rates, too, but results reported here are for a 
6% rate; the decision rule was quite stable for 
rates of 3% to 8%. 

Ur.der a wheat price of $4.25 per bushel in 
1978 dollars, the decision rule is at its upper 
boundary of 85.7% wheat for nearly the entire 
domain of the state variables. This upper 
bound is continuous winter wheat with clean 
cultivation once in seven years. The only ex- 
cepticn is at extremely low levels of organic 
matte-, less than 1.5% if topsoil is 6 inches or 
more. In other words, when the topsoil is 6 
inches deep or more and soil organic matter is 
1.5% эг more, 85.7% of the farm’s cropland 
shoulc be in wheat. 

This intensive utilization of the land is not as 
exploitive as it might seem when the wheat is 
fertilized quite heavily with nitrogen, as is as- 
sumed in this model. Under this land utiliza- 
tion, equilibrium soil organic matter is about 
3.576, and annual soil losses are around 4.75 
tons (.035 inches) per year. At this rate of soil 
loss, it vould take twenty-eight or twenty-nine 
years tc lose an inch of topsoil. 

Wher wheat price is reduced to $3.20 per 
bushel ‘п 1978 dollars, the decision rule is 
much more interesting, although this is a 
rather lcw price for wheat. The decision rule is 
summar.zed in figure 1, with contours on the 
decision rule surface. As would be expected, a 
small part of the farm is planted to wheat when 
3oil organic matter is low simultaneously with 
a relatively shallow top soil, and vice versa. 

In following the decision rule in figure 1 with 
2% orgaric matter, it would take twenty-eight 
years to bose an inch of topsoil when its depth 
is now 18 inches, and it would take thirty-eight 
years to kose an inch if topsoil depth is only 7 
inches. Tae decision rule puts 85.7% and 69% 
of the farm in wheat in these two respective 
states. Ccnsequently, we see that the farm is 
heavily planted to wheat even with as low a 
price as $2.20 per bushel. 

Followiag the computed decision rule will 
uKimately reduce the depth of topsoil to such a 
skallow layer that normal tillage operations 
will start mixing the subsoil into the existing 
to»soil and tend to dilute the organic matter 
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Figure 1. Decision rule with wheat at $3.20 
per bushel (percentage of land in wheat) 


content. Average depth of topsoil in the study 
area was about 18 inches in 1960 (Pawson et 
al.), so it will take many more years to lose 
enough soil to create this situation where sub- 
soil is mixed into the topsoil. A rough calcula- 
tion suggests about 400 years to go from 18 to 
6 inches of topsoil when following the decision 
rule for $3.20 wheat, and about 330 years 
when following the rule for $4.25 wheat. Dur- 
ing a time span of this length, additional top- 
soil might be formed under this relatively in- 
tensive cropping system with wheat, but the 
model makes no allowance for new topsoil to 
be formed from beneath that already existing. 

Nevertheless, a model which assumes a rel- 
atively shallow topsoil is of interest for farms 
and parts of farms where the topsoil is already 
thin. Many of the upper slopes of the hills have 
б inches or less of topsoil now. 


A Single State Variable Model 


A modified model is formulated under the as- 
sumption that the topsoil has eroded away and 
left only 6 inches. In addition, we assume that 
the tillage operations are to a depth of 6 inch- 
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es, which incorporates new subsoil material 
into the layer of topsoil as soil is eroded away. 
Therefore, high soil losses make it more 
difficult to build up or increase soil organic 
matter in the top 6 inches. 

The above model for two state variables can 
be reduced to a single state variable model by 
a simple relationship between ф(и,х,у) and 
h(u,x,y). Because the topsoil will be kept at 6 
inches depth by mixing subsoil with topsoil 
that is eroded away, the percentage of organic 
matter in year ¢ + 1 is given by 


(12) ун = yL6 =; ф(и‹,ху,у)]/6 — Ay х,у). 


The term in square brackets expresses the di- 
lution effect on organic matter of soil erosion 
losses. 

The state variable x for depth of topsoil is 
set equal to 6 in (12), which gives a simplified 
difference equation for changes in the per- 
centage of organic matter of the soil, namely, 


(13) + = Ye Z guy), 


with g(u,y) defined as losses in organic matter 
during the year. The specific empirical rela- 
tionship for (13) is obtained by substitution of 
(10) and (11) into (12) and rearranging the 
results to get the general form of (13). The 
expression for g(u,y) is 


(14) g(u,y) = —.0452 + .857(10)-*и 
+ .478(10)-94? + [.01042 + .435(10)-4u 
+ 2143(10) 5? ]y. 


The only modification in the annual net re- 
turn function G(u,x,y) is to set x equal to 6, 
which reduces the number of arguments tc 
only two. 

The approximately optimal decision rule ož 
this model was calculated by the method given 
in Burt and Cummings (1977) and compared 
with the exact decision rule calculated by à 
dynamic programming algorithm. The dy- 
namic programming algorithm was used with 
extremely precise accuracy to insure that ary 
differences in the decision rules would be dz- 
tected. The discrete intervals of approxima- 
tion were 0.01 and 0.0001 for the state and 
decision variables, respectively; both are 
measured in units of percent. The dynamic 
programming algorithm also used linear intzr- 
polation for values between the discrete inter- 
vals. 

The error in the approximately optimal de- 
cision rule was less than one-half of one per- 
cent of the optimal value of the decision vari- 
able (percentage of land in wheat) when the 
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state variable was in the interval between 
1.0% and 6.0% organic matter. These results 
are for a 6% discount rate and a $3.20 wheat 
price in 1978 dollars. The error was somewhat 
larger when the state variable was less than 
` 1.0; for example, the errors were 0.7% and 
1.2% of the optimal value when soil organic 
matter was 0.9 and 0.8, respectively. But this 
largest percentage error for organic matter at 
0.8 was only 0.2% of the land area m wheat in 
absolute terms, clearly trivial and meaningless 
in a practical sense. 

We conclude that the approximately optimal 
decision rule is very accurate in this soil con- 
servation application. Comparable results 
should be obtained in other dynamic optimi- 
zation problems where the state variables 
change slowly and smoothly over time; in par- 
ticular, good results should be typica! for eco- 
nomic applications to soil conservation. 

The optimal decision rule is given in the first 
two columns of table 2 and in figure 2. The 
equilibrium state for organic matter is 2.885% 
and the optimal percentage of land in wheat at 
the equilibrium state is 56. Annual soil losses 


Table 2. Single State Variable Decision Rule 
and Marginal Values of Organic Matter 





Organic Optimum Marginzl Value 
Matter Wheat Area Organic Matter? 
(96) (76) ($ 1978) 
0.50 8 45.03 
0.75 16 53.14 
1.00 23 57.72 
1.25 29 59.75 
1.50 35 59.93 
1.75 40 58.89 
2.00 44 56.97 
2.25 48 54.52 
2.50 - 51 51.4& 
2.75 54 48.41 
3.00 57 45.19 
3.25 59 42.04 
3.50 61 38.92 
3.75 63 35.91 
4.00 65 33.07 
4.25 66 30.39 
4.50 68 27.85 
4.75 69 25.48 
5.00 70 23.30 
5.25 71 21.24 
5.50 72 19.37 
5.75 72 17.65 
6.00 73 16.12 





Note: Wheat price in 1978 dollars was $3.20 and the discount rate 
was 6% in the analysis. 

a Marginal discounted value of net returns associated with an 
increment to organic matter at the beginning of an infinite planming 
horizon. 
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Figure 2. Decision rule with wheat at $3.20 
per bushel 





would be 2.9 tons per acre in the equilibrium 
state, which implies an inch of soil loss about 
every forty-five years. 

Marginal values associated with an incre- 
ment tc organic matter at the beginning of an 
infinite planning horizon are given in the last 
column of table 2 and are graphed in figure 3. 
These values would be the Lagrange multiplier 
in a KuEn-Tucker theory framework (Burt and 
Cummings 1970) or continuous time-control 
theory model (Hadley and Kemp). In a dy- 
namic programming model, these values are 
the slope of the functional equation (Burt and 
Cummings 1977, appendix). 

Note how these marginal values first in- 
crease at low levels of organic matter, reach a 
maximum. at about 1.5, and then decline 
monotonizally. This is the same structure as 
the margiaal curve to a classic physical pro- 
ductivity zurve from the theory of the firm. 
These quite high marginal values illustrate the 
value of organic matter in a farming system, 
even though large amounts of inorganic nitro- 
gen fertilizer are used. 

When waeat price is increased to $4.25 per 
bushel in 1978 dollars, the decision rule hits 
the upper Eoundary of 85.776 wheat if organic 
matter is greeter than or equal to 1.5%. Even 
at 1.096 organic matter, the optimal percentage 
of the farm 1o plant to wheat is 75. The equilib- 
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Figure 3. Marginal values of organic matter with wheat at $3.20 per bushel 


rium state o? organic matter is only 2.15% 
under the higher price, compared to 2.89% 
when the whzat price is $3.20. An inch of soil 
is lost about every twenty-eight years, and it is 
this relatively heavy soil loss in association 
with the dilution effect of the subsoil which 
depresses organic matter. 


Concluding Remarks 


The methodology of approximately optimal 
decision rules given in Burt and Cummings 
(1977) was shown here to be accurate in soil 
conservation decision models when the state 
and decision variables are continuous. The 
approximation methodology is based on a 
linear approximation to the functional equa- 
tion of dynamic programming in the ‘‘neigh- 
borhood" of the equilibrium state. Appar- 
ently, this neighborhood in mathematical 
analysis is sufficiently large in empirical prob- 
lems of conservation economics that it en- 
compasses nearly the entire domain of the de- 
cision rule, only losing its accuracy as the 
state var.ables approach zero. This fortunate 


result stems from the slow changes in the state 
variables over time under an optimal decision 
rule in conjunction with discounting of net re- 
turns. The methodology is readily extended to 
stochastic models as well (Burt). 

The results of this study demonstrate that 
relatively high grain prices exacerbate soil 
erosion problems, a proposition long held by 
economists writing on the economics of soil 
conservation (see Bunce and  Ciriacy- 
Wantrup). Nevertheless, empirical results for 
the Palouse suggest that intensive wheat pro- 
duction with good cultural and fertilization 
practices is economically justified in the long 
run, as well as for immediate net returns. The 
extra losses of topsoil and organic matter, 
compared to more forage in the cropping sys- 
tem, are within economic limits and not a 
threat to long-run productivity of the soil. 
Problems are of a localized nature on the 
steepest slopes and hilltops, which should 
have a specialized cropping system applied 
insofar as it is feasible without creating too 
many technical inefficiencies on modern, 
large-scale farms. f 

Unless there is a substantial increase in the 
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price of forage relative to grain crops, it wculd 
appear that these conclusions would prevail in 
tke foreseeable future. Although the analvsis 
was done with what appears to be too low a 
relative price for alfalfa hay, technological 
change has substantially increased wheat 
yields, which probably more than compen- 
sates. The cultural practice of no-till farming 
combined with modern herbicides gives this 
conclusion even greater credibility. 

These results for the Palouse cannot be ex- 
trapolated to other regions, such as the prob- 
lem areas of southern Iowa and northern Mis- 
souri, for several reasons. First, climates are 
much different and row crops have their own 
unicue hazards. Second, the deep loess soils 
of the Palouse are uncommon, and a shallow 
soil mantle is extremely vulnerable to soil loss- 
es which could ultimately destroy the water 
storege capacity of the soil. Third, gulleying 
from water erosion in some climates and soils 
is so serious that major investments in terraces 
are the only long-term solution if grains are to 
be a large part of the rotation. 

Unfortunately, data are not available for 
comparable analyses in most regions, nor does 
it appear that the necessary measurements are 
being taken to produce a homogenous time 
series of observations. À critical set of data is 
that required to estimate the difference equa- 
tions for soil losses and organic matter 
changes, i.e., (2) and (3), which characterize 
the dynamics of the problem. Also, consider- 
able agronomic experimentation over an ex- 
tended time horizon is needed to estimate 
yield responses to the state and decision vari- 
ables, the basis of G(u,x,y) in (1). 

In view of rising energy costs and world 
populaton pressures, a comprehensive re- 
search program administered so that there is 
continuity in the process should be undertaken 
in the regions where soil erosion is a major 
threat. A minimum planning horizon for the 
research projects would be a decade, but reli- 
able date to estimate the dynamics of organic 
matter changes would probably require annual 
measurements over a quarter-century. Cur- 
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rent research that relates to these empirical 
measurement problems is almost always 
sporadic and without any continuity; conse- 
quently, the conditions under which the data 
are collected are not homogenous enough to 
provide reliable relationships among the vari- 
ables. 


[Received March 1980; revision accepted 
August 1980.] 
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A New Analytical Framework for the 
Fertilization Problem 


Edgar A. Lanzer and Quirino Paris 


A novel control model for technical and economic analysis of fertilizer recommendations 
is based on Liebig’s Law of the Minimum, Mitscherlich’s relative yield theory, and the 
notions of yield plateau and soil fertility carry-over. The empirical model consists of a 
multistage separable programming specification which maximizes the discounted stream 
of net revenues subject to crop response and fertility carry-over functions. The model is 
applied to the wheat-soybean cropping system in Southern Brazil. It is found that, while 
the optimal fertility target levels are within a small range of those determined by Brazilian 
agronomists, their maintenance recommendations could be substantially improved. 


Key words: Brazil. crop response, fertility carry-over, nutrient nonsubstitution, optimal 


control, relative yield, yield plateau. 


The analysis of yield response to fertilizers has 
been recently enriched by an original proposal 
of Cate and Nelson. These soil scientists sug- 
gested that foz agronomic purposes and for 
certain crops, it may be convenient to postu- 
late that the relationship between yield and 
major nutrients is a linear response and 
plateau (LRP) function. They argued that this 
simplified specification is nonetheless capable 
of capturing the essential information of yield 
response to nutrients such as potassium, 
phosphorus, and even nitrogen. 

This interesting proposal has found little re- 
ceptivity amcng agricultural economists who, 
as Perrin writes, ‘‘tend to think of the world as 
having smooth curves rather than corners” (p. 
57). To date. Perrin’s study seems to consti- 
tute the only economic analysis which utilized 
the LRP specification and compared it with 
the traditional polynomial response model. 
Perrin's conclusions are of great interest: “И 
will be surprising to some that the LRP pro- 
vides recommendations as valuable on the 
average to farmers as those from the quadratic 
function. . . these particular results should 
serve to cast some doubt on the widespread 
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(among economists) notioa that fertilizer re- 
sponse should always be analyzed by fitting a 
smooth response surface" (pp. 59-60). 

The proposal by Cate and Nelson seems 
relevant not only beczuse it introduces 
explicitly the notion of plateau maximum (“а 
phenomenon that many agricultural econo- 
mists have noted—that response curves often 
tend to be quite flat on top” [Perrin, p. 57]); 
but, more important, because it explicitly rein- 
troduces into the response analysis the ag- 
ronomic principle knowr. as ''the law of the 
minimum,” formulated ky von Liebig around 
1850. This ‘‘law’’ states that ‘‘the yield of any 
crop is governed by any change in the quantity 
of the scarcest factor, called the minimum fac- 
tor, and as the minimum “actor is increased the 
yield will increase in prcportion to the supply 
of that factor until anotFer becomes the mini- 
mum. If another factor, not at the minimum, is 
increased or decreased, ihe yield would not be 
affected” (Redman and Allen, p. 454). There- 
fore, one fundamental implication of Liebig's 
principle is the absence (or the very limited 
possibility) of nutrient substitution. With the 
adoption by agricultural economists of the 
polynomial response model, the nonsubstitu- 
tion hypothesis and the yield plateau were 
completely discarded from economic analy- 
ses. 

In this paper, we propose a method for es- 
timating response functions of the von Liebig 
type together with fertility carry-over rela- 
tions. The LRP mode, of Cate and Nelson is 
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first modified into a piecewise linear and 
plateau model estimable by linear spline tech- 
niques. The relative yield theory of Mitscker- 
lich, widely used by agronomists and soil sci- 
ertists, is also incorporated into the mocel. 
Second, the single-nutrient responses are 
combined into a minimum function that is a 
generalization of the Leontief production 
function. Third, the estimated carry-over aad 
response functions are assembled into an eco- 
nomic control model for optimal fertilizer rec- 
ommendations, which takes the form of a mul- 
tistage separable convex programming model. 
The model is finally applied to experimental 
Brazilian data featuring an  eight-period, 
wheat-soybeans-cropping system. 


The Yield-Nutrient Response Model 


Absiracting from error terms, observed yields 
are known to be a function of many variables 
such as 


(1) у = fW, S, Z | G, О), 


where y stands for yield, W is a vector of 
weather variables; S is a vector of soil type 
variables such as percentage of clay content, 
pH, soil depth, moisture-holding capacity, 
redox potential; Z is the vector of total supply 
of macronutrients, that is Z = B + X, where B 
is the vector of nutrients’ natural supply al- 
ready in the soil and X is the vector of fertilizer 
applications (the relationship of B to soil tests 
will be examined in the next section); G and O 
stand for vectors of genetic load and other 
factors (such as planting density, for example) 
which are assumed to condition the yield-nu- 
trient relationship. 

Although a simplification of reality, relation 
(1) is yet too general both for deriving testable 
hypotheses and for practical implementation 
of fertilizer recommendations. Many ag- 
ronomists, for example, have followed Mit- 
scherlich’s original suggestion contained in the 
‘principle of relative yields." It was Bray 
(1954, 1958, 1963), however, who provided a 
full exp'anation of the principle as well as of 
the conditions for its validity. Assuming only 
one variable nutrient, for the moment, the 
principle of relative yields postulates that (1) 
can be respecified as 


(2) y-A:g(b + x|G, О), 


where A is a parameter representing the max- 
imum attainable yield given some levels of 
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weather and soi. variabies, W and S, g(-) isa 
functior called ‘‘relative yield response," b 
represemts the nutrient's level already in the 
soil, anc xis the corresponding application. As 
Mitsche ich postulated it, this function does 
not depend on weather and soil variables. 
From the definition of A, the maximum yield 
attainabE given W and S, the function g(-) 
varies between zero and one; hence, its name 
of relative yield function. 

Accorcing to Bray (1954, 1958, 1963), rela- 
tion (2) vould be valid only for the so-called 
immobile nutrients, such as phosphorus and 
potassium. Nevertheless, Hildreth found no 
significan; interaction between soil type, 
weather, апа nitrogen levels when corn yields 
were exp-essed in logarithms in a discrete 
response model fitzed to a large set of experi- 
mental daa. He states (p. 68) that this result 
“confirmei the a priori belief that equal per- 
centage efsects were a more plausible assump- 
tion than equal absolute effects.” The princi- 
ple of relat ve yields may thus have a practical 
validity e-en beyond the conditions pre- 
scribed by Bray. In any event, the principle is 
an importaat tool employed by soil scientists 
for the design of fertilizer recommendations 
(see Rouse}. 

The relative yield theory proposed by 
Mitscherlich and described by (2) contains an 
implicit assumptior about separability of 
weather anc soil typ2 variables, on one hand, 
and nutrients on the other. Suppose, in fact, 
that the general yield-nutrient relationship can 
be represented adequately by a weakly separ- 
able functior with respect to the partition (set 
of weather and soil type variables, set of 
nutrients), swch as 


(3) y = A(W, S)2(b + x | G, О). 


Itis now evident that Mitscherlich's maximum 
yield parameter A, when measured in crop 
experiments, is a function of given levels of 
weather and soil type variables. Hence, by 
combining (2) and (2), we conclude that a 
more explicit formulation of the relative yield . 
model is 


(4) у = Aug(b + x | G, O), 


where А; is now a location parameter measur- 
ing the yield plateau cf a given experiment. 
The practical and relevant consequence of the 
weak separabiity assumption stated in (4) is 
to provide a simple and powerful criterion for 
pooling experimental data of different years 
and scil classes. This conclusion is supported 
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by the empirical results discussed later. In this 
context, therefore, the location index Ay, 
estimates the yield plateau of a given experi- 
ment conducted with weather conditions W in 
a soil class S. Furthermore, reliable estimates 
of Аш are not difficult to obtain in view of the 
general shape of the yield response postulated 
by some soil scientists and illustrated in figure 
1. This figure was reproduced from a widely 
adopted textbook of soil science (Russell, p. 
49). It exhibits a yield response curve with a 
plateau maximum rather than a point maxi- 
mum. The interval (А, А) in figure 1 is 
considered to be quite wide for macronutrients 
such as nitrogen, phosphorus, and potassium 
(Corey and Schulte, p. 31). The notion of a 
plateau maximum yield, A, is consistently 
found in the functions proposed by several soil 
scientists such as Mitscherlich: у = A[1 — 
exp(— c(b + x))], Balmukand: y^! = A^! + 
c(b + x), and, more recently, Cate and 
Nelson: y = Min[A, c(b + x)]. 

The formalization of the yield-nutrient rela- 
tionship involving two or more nutrients fol- 
lows von Liebig's ‘‘law of the minimum," ac- 
cording to which macronutrients cannot sub- 
stitute for each other (or the substitution re- 
gion is very limited). Barber is quite explicit in 
this regard: ‘‘economists . . . have pointed out 
that when crops are fertilized to a certain yield 
level, there are a number of different combina- 
tions that will give the same yield . . . but since 
P cannot substitute for K in the plant, any 
substitution must be small in amount’’ (p. 
210). Tisdale and Nelson, too, assert that ‘‘the 
substitution concept is not a sound long-time 
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z= (b +x) 


Figure 1. Yield response (у) to total supply of 
variable nutrient (z) 
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approach' (p. 618). Hence, combining the 
proposals of several agronomists (see also 
Waggoner and Norvell), we postulate the fol- 
lowing multinutrient response function: 


(5) 


where Z is the set of macronutrients—nitrogen 
(N), phosphorus (P), potassium (K)—and the 
other symbols are as before. The conditioning 
factors G and O are omitted for convenience. 
The relative yield functions 2;(:) are, in gen- 
eral, nonlinear and therefore, model (5) is an 
extension of the well-known Leontief produc- 
tion function with fixed input-output co- 
efficients. 


у = Аш min [g(b; + x)], 


Fertility Carry-Over 


The specification of the fertilization model 
must be completed with the discussion of the 
fertility carry-over problem. This is because 
‘tas fertilizer is applied in increasing quan- 
tities, it becomes apparent that increased at- 
tention must be given to the value of carry- 
over. In many cases the cost of fertilization is 
charged to the crop treated. However, carry- 
over fertilizer is like money in the bank and is 
part of fertilizer economics. Hence, it is ap- 
parent that if we are to make a critical evalua- 
tion of fertilizer use, the carry-over value must 
be considered” (Tisdale and Nelson, p. 538). 
Although agricultural economists have written 
only a few papers on this subject (Kennedy et 
al.; Stauber, Burt, Linse; Fuller), the above 
quotation clearly indicates the importance that 
agronomists attribute to fertility carry-over. In 
fact, fertilizer recommendations made by soil 
Scientists seek to build and to maintain the 
level of soil fertility at the minimum level re- 
quired to achieve the yield plateau (Rouse, p. 
16-17). But how is soil fertility to be 
measured?—by means of soil tests. Ag- 
ronomists consider a clear understanding of 
soil test measurements to be of fundamental 
importance for the design of fertilizer recom- 
mendations. This is because, in many in- 
stances, most of the available information 


. concerning a particular farming site comes 


embodied into a single soil sample. It is from 
the chemical analysis of such a small piece of 
information that fertilizer recommendations 
are to be made. In the terminology of optimal 
control theory, soil test measurements are 
"sensor measurement signals'' of a dynamic 
stochastic process (Athans). Soil-testing 
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chemical methods, on the other hand, consti- 
tute the sensors themselves. Ideally, the soil 
sensors should produce measurements 2x- 
pressed in the same units employed to mza- 
sure fertilizer quantities, irrespective of every- 
thing else. However, such an idealized set of 
sensors has not yet been produced by soil 
scientists. 

Therefore, the quantity b of a given nutrient 
available in the soil is to be measured by soil 
tests, b*, whick soil scientists assume to oe 
prcportional to the true values of b. In other 
words, b = Ab*, where А is a proportionali:y 
fac-or. The concition required for the validi-y 
of the above assumption is that the chemical 
form of the nutzient in the soil be constant 
(Bray 1954, 1958. 1963). However, such chem- 
ical forms vary somewhat with soil type. The 
pragmatic approach followed by soil scier- 
tists, then, is to ciassify soils into homogenous 
groups according to their A values and, since 
the A's are specific of each nutrient, a 
classification of soils in terms of А for potas- 
sium may be different from a classification о? 
the same soils made on the basis of А for 
phosphorus. Soil scientists suggest that esti- 
mates of А for a given nutrient і can be ob- 
tained from the following simple formula: 


(6) hi = x/ (b*, — b*), 


where b*;9 is a soil test measurement for the 
ith nutrient prior to a fertilizer application of x; 
units of the same element, and b5*; is a soil test 
measurement made before the next crop. 
Since one of the explicit goals of fertilization is 
that cf building up the fertility levels in the 
soil, £*,, is greater than Б% and, therefore, А; 
> 0. In conclusion, since the А coefficients are 
known to vary with soil type, model (5) incor- 
porating soil test measurements becomes 


(7) у = Ans Min [gi Qusb*; + x)]. 


The above discussion, while concentrating 
on the interpretation of soil test measure- 
ments, also makes clear the necessity for cast- 
ing the problem of making fertilizer recom- 
mendations into a dynamic framework. From 
the point of view of the soil laboratory that 
makes such recommendations, the control 
problem of achieving and maintaining the fer- 
tility stock at any desired level requires up- 
dated estimates of the level of extractable nu- 
trients in the soil. Those estimates do not 
necessarily require the knowledge of past fer- 
tilizer applications, yields, and weather condi- 
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tions (although these may help in some cases). 
Instead, updated estimates of the level of ex- 
iractable nutrients in the soil are to be ob- 
tained from the chemical analysis of soil sam- 
ples. Thus, the dynamic extension of the 
yield-nutrient response model incorporates 
fertility carry-over equations, which are spec- 
ified in terms of (a) the state variables that can 
be observed, i.e., soil test measurements, and 
(b) the decision variables that may affect the 
level of the state variables, i.e., fertilizer ap- 
plications. The equations of motion describing 
the transfer of fertility in the soil from period 
to period are, therefore, specified as 


(&) b*e = (Ба + Ng! хыл), iel, 


where b*, is the soil test result for the ith 
nutrient at the beginning of period г, and xi. , 
is the quantity of the ith nutrient applied as 
fertilizer in period t — 1. Notice that while the 
term (A&b*; + x) in (7) represents the total 
supply of the ith nutrient as measured in 
fertilizer units (e.g., pounds of P.O; per acre), 
the term (b*; + A47!x;) in (8) represents the 
total supply of the ith nutrient as measured in 
soil test units (e.g., ppm of P). Equations (7) 
and (8) constitute the model of yield-nutrient 
response which can be called the dynamic 
relative-yield-nonsubstitution model. To esti- 
mate the yield response function (7), one 
needs to know the parameters Aj, which, in 
turn, are obtained from the estimation of the 
fertility carry-over equations (8). 


Economic Analysis of Fertilizer 
Recommendations 


The principal objective of the approach pro- 
posed in this study is to evaluate the appropri- 
ateness of the fertilizer recommendations pro- 
vided to farmers by extension agents. Typi- 
cally, such recommendations are obtained 
from tables constructed by soil scientists who 
classify the soils of a given region and deter- 
mine the ‘‘appropriate’’ fertilizer’s build-up 
and maintenance doses. In general, these 
tables do not reflect possible variations of the 
economic environment. 

In order to verify the adequacy of these 
tables, we postulate that farmer’s objective is 
:0 maximize the discounted stream of net 
zevenues subject to the yield response and 
fertility carry-over model (7) and (8) described 
in previous sections. Symbolically, and for a 
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planning horizon of T periods, such a model 
can be represented as 


(9 Max aq = 2 (1 + r)** (РАВ; 
teT 
= > P;Xit) 


tel 
subject to 2, — g;(Aisb*, + xy) x0. 


Б — hi(b*y , + Mis Xu-1) = 0, 
b*a4 = given, Xit =-0, iel, teT, 


where P, is the output price, P; is fertilizer 
prices, ris the interest rate, and other symbols 
are as before. The b*; initial conditions repre- 
sent known soil test levels at the beginning of 
the planning horizon T. For simplicity, inputs 
other than fertilizers are not included in (9), 
but it would not be difficult to adapt the model 
for their inclusion. Also notice that, once the 
maximum yield parameter A is known 
(through experimental data or agronomists' 
suggestions), function (7) can be rewritten as a 
relative yield function g, = y/A = min 
[а:(А,р*, + x,)] or, equivalently and more 
operationally, as max g, subject to g; — 
Bi (Nisb*, + хи) -:0, i = N,P,K and teT. This 
last reformulation is used in model (9). 

The exogenous information of model (9) is 
represented by output and input prices, the 
discount rate, the crop’s maximum yield A, 
the estimates of the relative yield response and 
fertility carry-over functions, and the initial 
levels of soil fertility. The endogenous infor- 
mation obtained by solving model (9) is consti- 
tuted by the optimal fertility targets, b*,,, iel, 
teT, t # 1, and the optimal fertilizer applica- 
tions, x;,. The fertilization strategy so derived 
is obviously dependent upon the initial soil 
test levels. Furthermore, farmers periodically 
acquire new information on fertility levels by 
means of soil tests. They can, and probably 
do, use this information for updating their 
fertilization strategy. A conceptual modifica- 
tion of the problem is then required to accom- 
modate this situation. The incorporation of the 
updating information into the programming 
formulation can be achieved by the ‘‘moving 
horizon’’ concept. Under this concept, ''every 
decision made is a first-period decision with a 
(finite) horizon’’ (Theil, p. 155). The control 
rules obtained from model (9) can be sum- 
marized as follows: for a given expected yield 
plateau and a given set of expected prices, 
there will be an optimum stock of soil fertility 
to be maintained by means of periodic supply 
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of fertilizer inputs. The stock of soil fertility 
present at any given point in time is measured 
via soil tests. The optimum quantity of fer- 
tilizer (control) to apply in any given period 
will be the difference between the current soil 
fertility level and its desired stock level 
(target). In this framework, knowledge of the 
carry-over functions are all that is necessary 
to exert control over the system once soil test 
targets are provided by the solution of (9). 

Lastly, notice that if the carry-over func- 
tions in (9) are concave, then the set of 
feasible solutions remain convex and a separ- 
able programming version of (9) can be solved 
directly with conventional linear programming 
techniques. 


Application to Wheat-Soybeans in 
Southern Brazil 


The discussion in previous sections was cen- 
tered around the design of a model represent- 
ing yield-fertilizer relationships incorporating 
agronomic principles and procedures. This 
section reports the results of an application of 
that model to evaluate the economics of fer- 
tilizer recommendations currently made for 
the wheat-soybeans double-croping system in 
Southern Brazil. The data available for the 
empirical research gathered from thirty-eight 
different experiments precluded the joint es- 
timation of all yield responses and carry-over 
functions. Linear carry-over functions were 
estimated for phosphorus and for potassium 
under the assumption of a geometrically de- 
clining process and of an autoregressive error 
term. The estimation of carry-over functions 
generated estimates of А coefficients, which, 
in turn, were used to compute total availability . 
of nutrients from the knowledge of soil test 
levels and fertilizer application for each ob- 
servation. Constrained linear spline regression 
techniques were used to estimate the wheat 
and the soybean responses to total phosphorus 
and to total potassium. Splines equations were 
constrained to attain a maximum of 1, or 
100%, at, or before, a certain level of supply of 
the variable nutrient; this level was considered 
sufficiently high to attain the yield plateau 
according to the experience and suggestion of 
Brazilian agronomists. Data from different 
sites and years were pooled under the princi- 
ple of relative yields. To do so, a proportion of 
the maximum observed yield at each experi- 
ment was used as a proxy for the expected 
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yield plateau of that experiment. Such propor- 
tion was estimated within the regression 
framework. 

Wheat response to nitrogen was estimated 
directly under the specification of a Mitscher- 
lich type function (organic matter content 
being used as a proxy for the level of soil 
nitrogen; carry-over nitrogen is considered to 
be insignificant in the context of wheat-soy- 
beans in Southern Brazil). А nonlinear 
Gauss-Newton procedure was used to esti- 
mate all carry-over and vield response func- 
tions. This procedure allowed for (a) the 
direct estimation of the parameters of carry- 
over equations including the autoregression 
coefficient and (b) constraining the parameters 
of the spline in order to ensure quasi-concavi- 


ty. Ia Southern Brazil, wheat and soybeans : 


are grown in succession year after year with 
each crop occupying the land for roughly six 
months. Thus, the unit of time used in the 
analysis is half a year. 

The results were as follows. 


Carry-Over Functions 


The econometric specification adopted for the 
carry-over functions of phosphorus and potas- 
sium was the following Koyck distributed lag 
specification. 


(10) bu = Ө,(Б*®., + Xi Xiti) + llits 


where b*;, (i = P,K) is the soil test level of the 
ith nutrient at the beginning of period t, ©; is а 
rate of geometric decline and li = pur, + ен, 
where 2j, is a white-noise Gaussian error term. 
Lagging (10) one period, multiplying by pi, 
and substracting from (10), one arrives at 


(11) b*e = pib*u, + Ө(Б*: — pib*u.z) 
+ Ө (хи: piXu-2) + eie 


The parameters of (11) were directly esti- 
mated with a nonlinear regression procedure. 
The results are shown in table 1. For the case 
of phosphorus, a slight modification of (11) 
was adopted because data from two different 
soil types were pooled for the following rea- 
son. Local soil scientists believe that the A^! 
: coefficieat for P in one soil type (clay soils) is 
half the value as for other soil types. Hence, 
this information was entered in (11) with the 
help of a dummy variable for soil type. Two 
observations are in order with respect to the 
results shown in table 1. First, the estimates of 
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Table 1. Carry-Over Estimates for Phos- 
pho-us and Potassium in Southern Brazil 
Estimates Estimates 
for for 
Parameter Symbol? Phosphorus Potassium 
8, 0.88950 0.81390 
(0.02090) (0.01210) 
M! 0.02072* 0.26820 
(0.00230) (0.03653) 
pi —0.67470 —0.41540 
(0.04163) (0.04876) 
Number of Observations 345 420 
R? 0.7881 0.3542 





? Accorling to equations (10) and (11). 
^ Asymototic standard errors in parentheses. v 
* For chy soils; for other soils multiply the estimate by two. 


the geometric decline coefficients for both P 
and K are relatively close to the unity. This 
means that fertilizer carry-over is highly sig- 
nificant for both nutrients in soils of Southern 
Brazil. Second, from the estimates of the А”! 
(i= P,K), one concludes that, upon taking the 
inverse of such coefficients, (a) each ppm unit 
of P in a soil test for a clay soil is equivalent to 
an app-ication of 48.26 kilograms of P.O; per 
hectare on clay soils (this value reduces to 
24.13 for other soils), and (b) each ppm unit of 
K on a soil test for all soils is equivalent to an 
application of 3.73 kilograms of K,O per 
hectare. In the case of phosphorus, an uncon- 
strainec modei was also fitted to the data. The 
estimates in this case were A, = 51.69 for clay 
soils and 22.80 for other soils. 


Yield Response Functions 


Once the estimates of the А coefficients were 
available from the estimation of the carry-over 
functions, the total supply of phosphorus and 
potassium (zp and 2к) were computed for each 
observat:on according to 2; = А,„Ё% + у, (i= 
P,K). Deta used for the estimation of a yield 
response to any nutrient included only the 
Observations for which the experience of local 
soil scientists indicated that the Ievel of other 
nutrients was nonlimiting (ie., within the 
range kı, k in fig. 1). To represent algebra- 
ically the yield response function we chose a 
linear spline specification for the following two 
reasons. First, it is a natural extension of the 
linear response and plateau model of Cate and 
Nelson, and explored by Perrin. Second, it 
allows greater flexibility of functional form 
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and does not impose any substitution require- 
ment as, for example, the polynomial spec- 
ification. The linear spline specification used 
in all cases (except for wheat response to 
nitrogen) was as follows: 


m=6 
(12) Yne = aM, у BmVinne + Une; 
m=1 

where ype is yield (kg./ha.) observed on the 
nth plot of the eth experiment, M, is the 
maximum observed yield of the eth experi- 
ment (notice that aM, is used as proxy for the 
expected yield plateau of the eth experiment 
Ae) and where Vine = Zne, Уре = Max (L; ~ Zne: 
0), Vane = Max (Lz — Zne: 0), etc., according to 
the requirements of the linear spline specifica- 
tion. The fixed knots Lm were chosen as 
middle points of classes of soil test levels 
currently adopted in fertilizer recommenda- 
tion tables in Southern Brazil (the last knot, 
Ls, was located beyond the level that soil 
scientists consider sufficient to attain the yield 
plateau). The relative yield function rep- 
resented by the spline formulation was postu- 
lated to attain its maximum of unity (100%) for 
some range of z starting at L, (m « 5) and 
extending to L; at least. Under this constraint, 
the spline should satisfy: 


(13) iL, + (8, + B2)(L2 — Lı) + (8, + Bs 


+ B3)(Lg — Lp) +... + (Bi + Bo 
+...+ Bs)(L5— Ly) = 1, 
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or, upon simple algebraic manipulations of 
(13): 


(14) В, = L5- (Lg — L)Ls В + (Ls 
= 1.)15 В ~ ..-— Us 
— 1) 185$. 


Equation (14) represents a linear constraint 
upon the parameters of the linear spline formu- 
lation of the yield response. By substituting 
(14) into (12) and rearranging terms one ar- 
rives at 


(15) Yne = ARine + AB2Rone +... + ABsRone 
+ affsRese + Une, 


where Rine = MeLs™', Rene = Mel Vane — (Ls — 
L1)L5~*Vinel; Rane = Mel Vane (Ls 
L;)L4 Vis], etc. The parameters of (15) were 
estimated by a Gauss-Newton algorithm, 
which further allowed constraining the Bm (m 
> 2) estimates to be nonpositive (a require- 
ment to ensure concavity of the estimated 
spline except for an initial range where in- 
creasing returns could occur). Parameter fj 
was recovered with the help of equation (14). 
The statistical results of the estimations of the 
responses of wheat and of soybeans to total 
supplv of phosphorus and of potassium are 
summarized in table 2. The information of this 
table allowed for the computation of the esti- 
mates of knots in the spline formulation of the 


Table 2. Linear Spline Regression Results for Soybeans and Wheat Responses to Phosphorus and 


Potassium 


Estimates of 
Soybeans Responses to 


Estimates of 
Wheat Responses to 

















Parameter Symbol* Phosphorus Potassium Phosphorus Potassium 
a 0.906100 0.912400 0.883700 0.882300 
(0.013332)? (0.010010) (0.017720) (0.019160) 
В, 0.007324 0.013350° 0.002630 ~0,02074° 
(9 <) (—) <) 
Вг — 0.005194 — 0.010680 0.001368 0.040480 
(0.000604) (0.002481) (0.001091) (0.037550) 
Вз 0.001706 — 0.000080 —0.003316 0.015310 
(0.000299) (0.000003) (0.000653) (0.015250) 
f 0.000000 —0.001860 — 0.000380 —0.003310 
(9 (0.000975) (0.000413) (0.003080) 
Bs —0.000397 —0.000530 0.000000 —0.000920 
(0.000248) (0.002394) (—) (0.001480) 
Bs —0.000060 —0.000280 — 0.000313 — 0.000320 
(0.000180) (0.000198) (0.000146) (0.000370) 
Number of Observations 340 273 179 425 
К? 0.7885 0.8819 0.9009 0.9485 





а According to equation (12). 
* Asymptotic Stardard Errors in parentheses. 
* Computed according to equation (14). 
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relative yield responses. These estimates are 
presented in table 3. 

For two reasons, the estimation of wheat 
response to nitrogen did not follow the same 
methods emploved for phosphorus and potas- 
sium. First, the soil test for nitrogen is not a 
direct measurement of nutrient as in the case 
of P and K. Instead, nitrogen supply of the scil 
is indirectly evaluated through the organ.c 
matter percentage content of the soil. Second, 
nitrogen carry-over is not important within the 
context of wheat-soybeans in Southern Brazi: 
soydeans produce their own nitrogen via 
Rhizobium bacteria and rainfall leaches fer- 
tilizer nitrogen very rapidly in that region. 
Therefore, it was decided to estimate the 
relation between soil nitrogen, applied nitro- 
gen and yields directly via the yield response 
function. The model adopted in this case was a 
Mitscherlich type function: 


(16) 
Yne = aM,[1 = exp(c*b* yne +e Xxne)] + Unes 


where Yne is observed yield of the nth plot of 
the eth experiment, M, is the maximum ob- 
served yield at the eth experiment, b*y,, is the 
soil test level for percentage organic matter of 
observation л, e, and xy, is fertilizer nitrogen 
applied on the nth plot of the eth experiment 
(in kg. of N per ha.). Notice that, in (16) the 
term within brackets is relative yield response 
to total nitrogen. This, in turn, is defined as zy 
= Ayó*y + xy, where, in view of (16), A, = 
c*/c. Table 4 reports the statistical results 
obtained with model (16). 

From the estimates of c* and of c, one gets 





Table 3. Knots of Estimated Relative Yield 
Response Functions: (Lm; gm) for m = 0, 1, 
Detects диб 
Phosphorus Potassium 
£n for 8m for 8m for 8m for 
. Lea  Soybeans? Wheat" L,,° Soybeans Wheat? 
0 0.000 0.000 0 0.000 0.000 
75 0.549 0.197 40 0.534 —0.830* 
225 0.868 0.799 110 0.721 0.553 
375 —% 0.905 185 0.915 0.885 
525 0.997 oat 260 0.970 0.970 
675 1.000 1.000 410 1.000 





1.000 


a In kg. cf Р.О; per ha. 

> As percentage of the expected yield plateau. 

€ [n kg. of K;O per ha. 

" No change of slope at this level. 

* Dull estimate due to lack of observations in the range 0 to 40 kg. 
of К.О per ha. 
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Table 4. Regression Results for the Wheat Re- 
sponse to Nitrogen 





Asymptotic 
Parameter Symbol? Point Estimate Standard Error 
a 0.8507 0.01328 
c* —0.5634 0.05571 
с —0.0429 0.02990 





Note: There were 158 observations; R? = 0.8823. 
a According to equation (16) in the test. 


hy = 13.13, ie., each percentage unit of 
organic matter is estimated to be equivalent to 
an application of 13.13 kilograms of N per 
hectare. In the multiperiod LP model, the 
continuous function estimated for N was ap- 
proximated as a convex combination of the 
following levels of total nitrogen supply: 0, 30, 
60, 90, and 120 kilograms of N per hectare. 

At this point, all the physical components of 
problem (9) had been estimated, except for the 
expected yield plateaus for wheat and for 
soybeans. According to agronomists of the 
National Wheat Research Center (CNPT), the 
expected yield plateaus for wheat and for 
soybeans at the farm level in Southern Brazil 
are 1800 kilograms per hectare and 2800 kilo- 
grams per hectare, respectively. The prices 
used in che programming model were (Cr$/kg) 
5.61 for N, 7.06 for P.O;, 2.49 for К.О, 2.03 for 
wheat, and 1.84 for soybeans. They are aver- 
age prices during 1976 for Southern Brazil. An 
interest rate of 2% per semester has been used 
to discount future cash flows. A planning 
horizon of four years (eight cropping periods: 
wheat, soybeans, wheat, etc.) was assumed 
for the purpose of the economic analysis. 

The results of the analysis with the pro- 
gramming model were as follows: 


(a) optimum soil fertility targets for wheat: 
Zy = 57.15 kg. of N/ha. (or 4.35% organic 
matter content), 
Zp = 375.0 kg. of P.O;/ha. (or 7.8 ppm of P 
for clay soils; 15.6 for other soils), 
zy = 202.6 kg. of K,O/ha. (or 54.3 ppm of 


K); 
(b) optimum soil fertility targets for soybeans: 

Zp = 456.0 kg. of P.O;/ha. (or 9.4 ppm of P 

for clay soils; 18.8 for other soils), 

Zy = 260.0 kg. of K,O/ha. (or 69.7 ppm of 

K). 

Input prices were also parameterized within 
the interval of 0.6 to 1.4 times the average 
prices used in the analysis. The conclusion 
‘was that the results found under average 
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prices were stable, particularly with respect to 
increases in input prices. 

In view of these results, the analysis turned 
to a critical evaluation of fertilizer recommen- 
dations currently made by the agronomists for 
the wheat-soybeans double-cropping system. 
Such recommendations do not make a distinc- 
tion between soil fertility targets for wheat and 
for soybeans. In either case soil scientists 
recommend that a level of 9 ppm of P (for clay 
soils; twice as much for other soils) and a level 
of 60 ppm of K be maintained in the soil (see 
UFRGS). Thus, only minor differences be- 
tween the current recommendations and the 
computed optimum are detected as far as 
target levels for soil fertility are concerned 
(the differences are all in the range of 5% to 
1596). Thus, in the analysis that follows, target 
levels for P and K currently suggested by 
Brazilian soil scientists will be regarded as 
optimal recommendations. 

In order to maintain the levels of soil 
fertility at their desired targets, the Southern 
Brazilian agronomists recommend fertilizer 
applications of 75 kilograms of P,O; per hec- 
tare per cropping period and 40 kilograms of 
К.О per hectare per cropping period. Such 
recommendations can be evaluated through 
the carry-over equations [see equation (10) 
and table 3]. Taking the case of phosphorus 
first, letting b*», = b*p, = B*p (where 8* is 
thus defined as the desired target level for P in 
ppm units of P) and solving for хь; = xp 
(where xp is taus defined as the maintenance 
application of P in terms of PO; per hectare 
per cropping period), one finds that the esti- 
mated fertilizer application required to main- 
tain the level of soil phosphorus at any desired 
level B*p is given by xp = 5.996 В*р for clay 
soils and xp = 2.998 В*ь for other soils. 
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Similarly, for the case of potassium, by letting 
b*¥ ки = Бк, = B*x (where В*к is thus defined 
as the desired target for K in ppm units) and 
solving for xx:-1 = Xr (where xy is thus defined 
as the maintenance application of K in kg. of 
K5O per ha. per cropping period), one finds 
that the fertilizer application required to main- 
tain the level of soil K at its desired soil test 
level is given by хк = 0.853 В*к. Soil test 
targets currently adopted by Southern Brazil- 
ian agronomists are B*p = 9 ppm of P (for 
clay soils; twice as much for other soils) and 
B*x = 60 ppm of K (for all soils). By substitut- 
ing these values into the equations for xp and 
xx just derived, one finds that the maintenance 
applications levels for P and K should be 
approximately 54 kilograms of P.O; per hec- 
tare per cropping period and 51.2 kilograms of 
К.О per hectare per cropping period. These 
levels contrast with the maintenance levels 
currently adopted in Southern Brazil: 75 kilo- 
grams of P.O; per hectare per cropping period 
and 40 kilograms of K,O per hectare per 
cropping period. In short, even though the 
target levels are close to the computed optima 
(relative differences here were found to be in 
the range of 5% to 15%), it is clear that major 
modifications of maintenance fertilizer rec- 
ommendations are in order (the relative differ- 
ences found here are in the range of 30% to 
50%). 

The analysis above was centered in the 
cases of P and K. For nitrogen it has been 
found that current recommendations should 
be diminished from 10% to 50%, the difference 
increasing with increases in the level of or- 
ganic matter content of the soil. Table 5 gives 
an overview of costs of alternative fertilization 
strategies, i.e., current recommendations ver- 
sus recommendations derived in this research. 


Table 5. Yearly Fertilization Costs Required to Maintain Soil Fertility at Desired Targets for 
Wheat-Soybeens Double-Cropping System (Southern Brazil, 1976 Prices) 


Current Recommendation 


Suggested Recommendation 





Item Quantity? Cost? Quantity? Cost> 

Maintenance N for wheat‘ 30.0 168.30 20.0 112.20 
Maintenance P for wheat 75.0 529.50 55.0 388.30 
Maintenance K Zor wheat 40.0 99.60 50.0 124.50 
Maintenance P for soybeans 75.0 529.50 55.0 388.30 
Maintenance K for soybeans 40.0 99.60 50.0 124.50 
Total cost 1,426.50 1,137.80 








a in kg. of N/ha. kg. of P;Oyha. and kg. of P,O;/ha. for N, D, K, respectively. 


bin Cr.$/ha. 
* assuming а 3% organic matter content. 
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Notice that since both alternatives zssume the 
same fertility targets, no significant change in 
output is likely to occur. Thus, the gains from 
the adoption of the recommendations derived 
in this study would come from a reduction .n 
fertilizer costs. This reduction was estimated 
at Cr$ 288 per hectare per year, ог US$27.20 
per hectare per year (July 1976 exchange 
rate). The relative decrease in yearlv fertiliza- 
tior costs would be around 2096, a significant 
amount. 


Conclusions 


This paper contains the suggestion o7 a model 
for examining fer-ilizer recommendations that 
incorporates soil science principles in a rathe- 
explicit manner. The use of this model in a 
practical setting helped to identify s:gnifican- 
economic inefficiencies in the case studied 
The model depends on several hypotheses 
adopted in soil science theory. Some of these 
hypotheses (such as the linear response and 
plateau) have been examined recently by Per- 
rin with results not inferior to more conven- 
tional polynomial specifications. 

Although further research effort is certainly 
warranted on all aspects of the fertilization 
problem, it seems possible to conclude that 
the dynamic  relative-yield-nonsubstitution 
mode! presented here has performed satisfac- 
torily in the wheat-soybeans environment of 
Soutbern Brazil. I: has indicated that, as hy- 
pothesized, fertility carry-over is indeed sig- 
nificant for phosphorus and potassium. As to 
the dispute among agricultural economists 
about whether or not the traditional analysis of 
the fertilizer problem (based upon a polyno- 
mial specification of the response function and 
little concern for carry-over) is adequate, it 
seems appropriate to quote T. D. Wallace, 
who wrote: ‘‘statistical procedures substitute 
rather poorly for rigorous modeling based on 
the foundations of the field of application” (p. 
443). The traditional polynomial form of the 
response function, so far preferred by agricul- 
tural economists, was suggested mainly be- 
cause of its ''good"' fit. But, as was shown by 
Perrin and in this scudy, similar or better fits 
can be obtained with other functional forms 
which have the additional advantage of 
explicitly incorporating agronomic principles. 
This last point is important for two reasons. 
First of all, it follows T. D. Wallace's recom- 
mendation. Second, it allows a direct dialogue 
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witk тапу agronomists and soil scientists who 
conduct their fertilizer research on the basis of 
nutrient aonsubstitution, yield plateau princi- 
plz, relative yield theory, and the notion of 
[ел иу carry-over. 


[F'eceired April 1979; revision accepted 
August 1980.) 
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An Economic Analysis of Expenditures on 
Agricultural Experiment Station Research 


Wallace E. Huffman and John A. Miranowski 


Experiment station research expenditures are responsiv> to economic and institutional 
forces. А four-equation model of resources allocation to state agric шга! experiment 
station research, consisting of demand and supply equat ons for research, an equation 
allocating state governmental revenues to station research, and an expenditure identity, 
is przsented. A reduced-form expenditure equation, derived from tais model, is fitted to 
cross-sectional data for forty-eight U.S. states, pooled tcgether for 1950, 1965, and 1970. 
A large share of the variance in per capita expenditures cf state agricultural experiment 


stations is explained by the variables included in the model. 


Key words: experiment station research, indigenous applied resea-ck, reduced-form 


expenditure equation, resource allocation. 


The last decade can be characterized by a 
growing skepticism of the agricultural re- 
search establishment. Some have argued that 
agricultural researchers have been captured 
by the interests of large farmers or by large, 
private, farm-input supply firms (e.g., High- 
tower). Others have argued that the agricul- 
tural research establishment has been unre- 
sponsive to human resource, environmental. 
and income distributional issues (e.g., Mayer 
and Maver). Some of these concerns have 
been expressed in recent changes made in the 
type of federal support for agricultural re- 
search. 

The primary sources of funds available to 
State agricultural experiment stations have 
been federal funds appropriated on a formula 
basis and funds appropriated for agricultural 
research by state governments. Although for- 
mula funds are granted to the states on a 
matcaing basis, nonfederal support of re- 
search, which is largely state appropriations, 
has been at a level that substantially exceeds 
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the federal matching rate in all states. In re- 
cent years, state appropriations for research 
have averaged about 60% of the total funds for 
state agricultural experiment station research 
(U.S. Department of Agriculture 1969). The 
U.S. Congress recently has established a fed- 
erally funded competitive research grant pro- 
gram for agricultural research open to all sci- 
entists, those at both public and private in- 
stitut ons. Also, the Administration attempted 
in 1577—78 to substitute competitive grant 
funds for formula funds. These changes have 
caused a reassessment by the directors of the 
state agricultural experiment stations of their 
funding base. 

Only a few studies have attempted an analy- 
sis of 2xpenditures on agricultural experiment 
station research. Schultz (1971) first explicitly 
recognized the potential economic significance 
of disparities in funding state experiment sta- 
tions. Hayami and Ruttan have argued for an 
economic analysis of public institutions in- 
volvec in economic growth and development. 
Petersor. attempted to identify through regres- 
sion analysis a few factors that influence the 
allocation of funds to agricultural research. In 
his simple model, state nonfarm income 
emerges as the most important variable ex- 
plaining total funds available to experiment 
statioms. (See also Schultz, 1956; Heady; 
Peterson and Hayami.) In the first attempt to 
model the determination of agricultural re- 
search expenditures, Guttman applies a theory 
of pub.ic interest groups. The interest group 
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purchases policies that are favorable to its 
members, in this case agricultural research, in 
exchange for support (votes and funds) for 
candidates for public office favoring policies 
sought by the group. In applying the model to 
cross-sectional expenditures on poultry, grain, 
and dairy research in 1969, research expendi- 
tures are explained by a limited set of vari- 
ables hypothesized to affect the demand for 
research. The analysis, however, ignores the 
supply of research, an important determinant 
of the real quantity of research. 

We present a four-equation model of re- 
source allocation for state-produced research 
at agricultural experiment stations, consisting 
of demand and supply equations for research, 
an equation for allocating governmental reve- 
nues to station research, and an expendi- 
ture identity or equilibrium equation. The 
reduced-form expenditure equation derived 
from this model includes a traditional set of 
economic variables determining the demand 
for research and the supply of research and a 
few interest-group variables. Our model is 
tested with cross-sectional data on the forty- 
eight states of the United States, pooled to- 
gether for the years of 1960, 1965, and 1970, 
for total expenditures by state agricultural ex- 
periment stations. 

The outline of the paper is as follows: the 
first section specifies a theoretical model of 
resource allocation to state experiment station 
research; second section, the data base, the 
empirical specification of the model, and the 
regression results are presented and dis- 
cussed; the last section presents the summary 
and conclusions. 


A Model of Resource Allocation to 
State Experiment Stations 


We propose a model of resource allocation for 
state-produced research at agricultural exper- 
iment stations consisting of demand and sup- 
ply equations for applied research, an equa- 
tion for allocating state revenues to station 
research, and an expenditure identity. We as- 
sume that demanders and suppliers of re- 
search in a state interact through the state 
legislature to determine the ‘‘equilibrium’”’ 
size of expenditures on experiment station re- 
search. 

The research of experiment stations is heav- 
ily production-oriented. Cline’s data show that 
about 74% of agricultural experiment station 
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research is production-oriented.! Much of ag- 
ricultural research produces increments to 
basic knowledge or intermediate products 
(e.g., discoveries of new biological, chemical, 
physical, economic, or sociological relation- 
ships and advances in the methodology of ex- 
perimental design and hypothesis testing) that 
enlarge the set of possibilities available to 
applied researchers (Binswanger and Ruttan, 
p. 23) but that may not directly increase pro- 
duction efficiency. However, without ad- 
vances in basic knowledge, the applied re- 
search potential would be rapidly exhausted. 

Applied research produces final research 
products. Some research maintains previous 
biological advances against adverse environ- 
mental conditions that might depreciate gains 
in crop yields and animal productivity 
(Griliches 1958; Evenson 1978), and other re- 
search (e.g., new or improved inputs, 
decision-making aids and schemes, and final 
agricultural products) attempts to increase 
output. 


Demand 


Applied agricultural research is an input in the 
production of agricultural output (Griliches 
1964; Evenson 1968, 1971; Peterson and 
Hayami). We hypothesize a state aggregate 
demand function for indigenous applied ag- 
ricultural research. At the state level, farmers, 
as producers, and land owners seem likely to 
be the primary beneficiaries. The price elastic- 
ity of demand for a state's agricultural prod- 
ucts is much larger generally than for a na- 
tion's output. If a state produces a small frac- 
tion of total national or world output, indige- 
nous agricultural research lowers its farmers' 
cost curves, increases its share of national 
output, and only slightly lowers the national 
(or world) price.? Thus, profit-maximizing 

! The other 26% is allocated to a wide variety of research projects, 
e.g., home economics, consumer problems, rural and community 
development, environmental quality. We do not deny that these are 
important research areas, but we do choose to explain total research 
expenditures by concentrating on agriculture. 

2 Consider two geographic regions supplying О = 5,(P,8), 
i = 1, 2, where P and 8, are the price received by suppliers of Q 
and a supply function shift parameter, respectively. The market 
demand function for Q is 0“ = D(P), and market equilibrium 
requires Q" = Q^. However, the demand function facing region 1 
is Q*, — D(P) — S,(P,&), and the price elasticity of demand for 
region 1 is 

Тар = (0/01) nar ~ (Qz/ Q1) Ear» Nar 5 0, єар2: 0, 


where тар is the market price elasticity of demand for Q, єс. is the 
price elasticity of supply of region i. 

Also, the effect of a shift of the supply curve of region 1 due to 
advances in technology in that region on the market price of сап be 
summarized as 
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fa-mers of a state should demand indigencus 
applied research that enhances their efficiency 
of production and improves their comparative 
advantage relative to farmers in other states or 
regions. The benefits from this research zc- 
crue largely as producers' surplus to indige- 
nous farmers and as rents to the owners of 
inputs that are very inelastic in supply (Ayer 
and Schuh; Evenson 1979), e.g., land and wa- 
ter, other things equal. Farm input supp'y 
firms, processors of farm products, and local 
consumers also may benefit from agricultural 
research. 

Although research products are a public 
good, indigenous demanders cannot expect to 
borrow all their research products from other 
states. Research output, a form of informe- 
tion, has the characteristic of a public good; 
use by one economic agent does not reduce 
the quantity available to others. The benefits 
to users vary, however, and some individuals 
may be made worse off as more individuals 
use research output. Potential users cannot be 
excluded easily; and, for social efficiency. 
such information should be made avzilable tc 
all potential users at the marginal cost of dis- 
tribution (Arrow). Basic or intermediate ag- 
ricultural research produced by one experi- 
ment station has the potential for being used 
(borrowed) by many states, but the potential 
for widespread direct interstate borrcwing of 
final (applied) agricultural research products is 
usualy more limited because their perfor- 
mance is frequently sensitive to local envi- 
ronmental factors and resource endowments. 
For example, studies by Griliches (1957) of 
hybrid corn and by Evenson (1978) of agricui- 
tural productivity show the incomplete nature 
of research-spillover across state and regional 
boundaries. Thus, a good substitute does not 
exist in agricultural production for indige- 
nously produced applied research products that 
are location-specific or that are adapted more 
perfecdy to the needs of indigenous clients 
than tc others. Under these conditions, a state 
demand function for indigenously produced 
appliec research exists. 

The quantity demanded of indigenously 
applied agricultural research is hypothesized 





Е (Q1/Q€e,s; 
то» — (0/0) еа» ~ (0/0) ease 


where eqs. is the elasticity of supply of Q, with respec! to 8,. 

At the nztional or international level, consumers are the primary 
beneficiaries of agricultural research. The price elasticity of demand 
foragricultural products at this level is low so the long-term impact of 
agricultural research is to lower the price of agricultural prod acts and 
to benefit consumers. 
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to be a function of the size and other charac- 
teristics of а state's agricultural output, ag- 
гіс тга input prices, farmers’ education, ex- 
tension, agricultural research in other states, 
and the price of indigenous applied research. 
The characteristics of a state's agricultural 
output are primary determinants of shifts in 
the Jemand for indigenous applied agricultural 
research. This emphasis on output follows 
from the positive contribution of agricultural 
research as an input in aggregate production 
function studies (Griliches 1964; Evenson 
1968, 1971, 1978; Cline) and implicitly to farm 
profits. Also, the expected increase in farm 
profits from research oriented to insuring pre- 
vious productivity gains against adverse and 
unpredictable environmental conditions is 
positively related to the size of output. The 
total value of preventing a 5% loss in output 
increases with the size of output. Further- 
more, Evenson (1968) estimates that 30%- 
50% of agricultural research expenditures on 
crop and livestock and poultry research in 
1967 were directed to maintenance research. 

The diversity of indigenous agricultural 
products and the size distribution of farms 
may effect the demand for research. For a 
state, :he intracommodity (within commodity) 
applicability of research (or economies of in- 
formation usage) will usually be much higher 
than intercommodity (between commodity) 
applicability. Final research products (e.g., 
inbred corn lines, feedlot management sys- 
tems, -Шаре machines, and fertilizer recom- 
menda-icns) are usually commodity specific. 
The expected returns from agricultural re- 
search are such that the marginal effect of a 
dollar of product output on the demand for 
research output diminishes as output in- 
creases. Thus, the number of agricultural 
commodities produced indigenously is ex- 
pected to increase the aggregate demand for 
indigenous applied research. 

The profitatilitv of adopting new technology 
is a function of the reduction in cost per unit of 
output end the size of output. Because large 
farms have more units of output over which 
to apply cost savings than small farms, the 
operators of large farms have a greater de- 
mand for indigenous applied research because 
of potertial profitability. Thus, holding the 
size and diversity of agricultural output con- 
stant, a larger share of large farms is expected 
to shift rightward the demand for indigenous 
£pplied research. (Feasible new technology 
might also have a large-farm bias.) 

The tenuze status of farmers also may affect 
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the demand for research. Because benefits of 
indigenous research accrue as producers’ 
surplus to farm operators and as rents to ag- 
ricultural inputs that are most inelastic in sup- 
ply (e.g., land), owner-operators of farms 
have a greater jinancial incentive to reveal 
their demand for indigenous research than do 
renters and seem likely to be more effective 
than the combination of absentee landowners 
and renter-operators (Evenson 1979). Thus, 
increasing the proportion of owner-operators 
is expected to increase (shift) the demand for 
applied indigenous research. 

A shift in the relative prices of agricultural 
inputs can be expected to affect the demand 
for research. An increase in input prices re- 
duces farmers' profits (and perhaps landowner 
rents) and can be expected to induce them to 
search for technical alternatives. These alter- 
natives can be expected to save on the input(s) 
whose price(s) has increased and to increase 
the use of inputs that have become relatively 
cheaper (Hayami and Ruttan, Binswanger and 
Ruttan). This increase in input price shifts 
rightward the demand for indigenous applied 
research. 

Farmers’ education, extension, and re- 
search centers enhance the dissemination of 
information on agricultural technology. Edu- 
cation enhances the allocative ability of farm- 
ers (Huffman; Welch 1970). Extension de- 
codes and repackages research findings so that 
the technical information can be better under- 
stood by farmers and can be applied at the 
farm level. Outlying research centers of the 
experiment station also aid the information- 
disseminating activity. Thus, higher schooling 
levels of farmers, larger extension activities, 
and a greater number of research centers 
speed the adoption of superior final research 
products, increase farmers' profits and land- 
owners' rents, and increase the (share of) ben- 
efits from indigenous research to indigenous 
producers and owners of indigenous re- 
sources. Thus, an increase of farmers' educa- 
tion, agricultural extension, and research cen- 
ters is expected to shift rightward the demand 
for research. 

For a given state, Evenson (1979) has hy- 
pothesized that research output of other states 
may have two opposite effects on indigenous 
research demand. Most new research final 
products are not directly applicable to envi- 
ronmental and resource conditions in other 
States, e.g., a superior corn variety. Compet- 
ing farmers in other states are placed at a 
competitive disadvantage unless new research 
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products are developed for Ћћет. Thus, non- 
borrowable research output in competing 
states can be expected to shift rightward the 
demand for indigenous app_ied research. On 
the other hand, directly borrowable final re- 
search products (e.g., controls for livestock 
diseases, livestock feed additives, and farm 
management schemes) from other states ob- 
tained from input supply firms, veterinarians, 
extension personnel, and farm magazines will 
substitute for indigenous applied research and 
wil reduce the indigenous demand for re- 
search. 

We hypothesize that the quantity demanded 
of indigenous applied research is responsive to 
its price, the shadow price, given that it is not 
traded in the market at a price. The reason is 
that demanders face an opportunity cost for 
public-sector resources allocated to indige- 
nous applied agricultural research. They must 
forego other public-sector goods and services 
(e.g., extension, educatior, welfare, roads) to 
obtain more indigenous research, or they must 
incur larger state tax payments, which means 
foregoing the private goods they otherwise 
could obtain. Thus, we lrypothesize that the 
quantity demanded of inaigenous applied re- 
search is negatively related to its shadow 
price. 


Supply 


In our model, indigenous applied agricultural 


research is produced and supplied by agricul- 
tural experiment stations. The final and inter- 
mediate products of experiment station re- 
search consist of technical publications 
(books, journals, and station bulletins), non- 
technical publications, blueprints, new crop 
varieties or lines, new feed rations and addi- 
tives, new environmental controls, new 
decision-making schemes, and training of re- 
searchers. The production of research re- 
quires, as inputs, the services of adminis- 
trators, researchers (oz scientists), research 
assistants, and secretaries, as well as scientific 
publications, office space and equipment, lab- 
oratory space and equipment, electronic com- 
puters, greenhause space, experimental plots 
and farms, and research animals and plants. 
Salaries and personnel benefits, however, ac- 
count for about 70% of total obligations 
(USDA 1966 and 1970). 

As a first approximation, we assume agricul- 
tural experiment statons produce research 
outputs at minimum cost. These stations are 
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nonprofit institutions operating within public 
land-grant universities that have similar m's- 
sions and goals, but that place different rela- 
tive weights on the products from teaching, 
reszarch, and service. Directors of experimeat 
stations are the managers of these researca- 
producing institutions. They differ in the 
amount and composition of their entrepreneur- 
ial activity, and we assume that they behave 
as if they are attempting to minimize the cost 
of producing research final products. This ob- 
jectve implies that directors do not change 
cost-minimizing input combinations becaus2 
particular inputs (e.g., new buildings, pres- 
tigicus research staff) yield satisfaction di- 
rectly to them.? 

The supply or cost function of indigenous 
applied agricultural research is hypothesized 
to be a function of prices of variable inputs 
(e.g., wage rates of research assistants and 
secretaries, rental rates on computers), of the 
quantity of research output, and of factors ex- 
ogenous to current resource allocation deci- 
sions. The latter set of variables affects the 
efficiency of research production and, hence, 
the cost of research. They are the entre- 
preneurial activity of the station director, the 
charazteristics of the station’s researchers, the 
type of research appointments, and the exis- 
tence of Ph.D. programs, extension contact 
with zesearchers, availability of borrowable 
research, number of final research areas, and 
the nember of research centers. 

Basic and applied research are creative ac- 
tivities; ideas must be combined so that some- 
thing ‘‘new’’ is produced. This activity seems 
to require a sustained effort, with periods of 
intense mental preparation followed by reflec- 
tion and, hopefully, enlightenment and then by 
writing and rethinking (Ladd). This implies 
that a significant share of a researcher's time 
and mental effort must be allocated to re- 
search. Thus, the productivity of research 
time seems likely to be low if individuals are 
continually being disrupted (by nonresearch 
activities) or if their working hours are primar- 
ily allocated to nonresearch activities (e.g., 
teaching, administrative-type activities), be- 
cause this leaves less time for research. How- 
ever, researchers may not have enough good 


5 Ruttan 11978) argues that in the United States the combination of 
centralized (USDA) and decentralized (state) systems of agricul- 
tural research results in an organizational structure that behaves 
similar to firms in a competitive market. Other researchers (e.g., 
Ault, Rutman, Stevenson) have assumed cost minimization for 
models of resource allocation in universities. 
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ideas (and other resources) to keep their pro- 
ductivity high when all of their time is allo- 
cated to research. Thus, the effect of available 
time for research on the supply of research is 
a priori uncertain. — 

Researchers need sources of new ideas and 
knowledge to enhance the efficiency of pro- 
ducing research. Communication with exten- 
sion personnel and colleagues is one source. 
When extension personnel interact with farm- 
ers, they learn of new problems facing farm- 
ers. Some problems may be solved by drawing 
upon existing knowledge, but others need to 
be redefined and relayed to researchers for 
further analysis. Thus, researchers interacting 
with extension personnel serve as a potential 
source of information transmittal on research- 
able problems. 

Although the potential size of the stock of 
aveilable knowledge is positively related to the 
number and quality of researchers at an in- ` 
stitution, information exchange must occur 
before efficiency gains can be realized. Inter- 
disciplinary research efforts. facilitate com- 
munications across disciplines, but the organi- 
zational feature that seems most likely to fos- 
ter exchange of information within and be- 
tween departments of a university is a strong 
graduate Ph.D. program (Evenson 1971). 
Graduate courses taken by research assistants 
in the basic disciplines (e.g., statistics, 
chemistry, genetics, botany, economics) are 
an important source of knowledge and re- 
search techniques to be applied to station re- 
search projects. Graduate students in general 
may challenge the ideas of teachers and re- 
searchers and provide new ideas. Thus, strong 
graduate programs both within and outside of 
agriculture and forestry are expected to in- 
crease the efficiency of station research and to 
shift rightward the supply curve of research. 

Borrowable research from other states is 
another source of new ideas and knowledge. 
Since the production of original research is 
expensive relative to distribution of results, 
borrowing research from other states reduces 
the costs of indigenous applied research. Not 
all available research, however, is useful. 
Basic research and intermediate research 
products generally have broad applicability 
because of their fundamental nature. Final or 
applied research products tend to be commod- 
ity- and geoclimatic-region-specific, so they 
may not be directly applicable in other states. 
To the extent that borrowing of final research 
products occurs, it seems likely to be confined 
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largely to states located in similar commodity 
geoclimatic regions (Evenson 1978). Thus, a 
larger quantity of available outside basic re- 
search is expected to shift rightward the sup- 
ply of indigenous applied research. | 

The number of different research final- 
product areas, given the size of a station and 
the mix of research between crops and live- 
Stock, may affect the efficiency of research 
production. For a small station, supplying re- 
search products for a large number of com- 
modities may mean spreading resources 
thinly, allocating most resources to final prod- 
ucts and few to intermediate research prod- 
ucts. Low production efficiency may occur 
because the station cannot take advantage of 
economies of size in producing research. 
Thus, increasing the diversity of a state's ag- 
riculture, and hence of applied agricultural re- 
search, is hypothesized to shift leftward the 
supply of research, other things equal. 

Research centers (experiment stations and 
substations) are important laboratories for 
crop, livestock, and agricultural engineering 
research. The size and location of these cen- 
ters are important organizational features of 
research (Evenson 1971, Binswanger and Rut- 
tan). When environmental factors and com- 
modities differ widely among regions within a 
state, decentralized research centers facilitate 
adapting technology to local conditions and 
displaying the results at field days. Centraliza- 
tion of research, however, permits taking ad- 
vantage of economies of size in the use of 
expensive laboratory equipment, libraries, 
and administrative services. Centralization is 
also necessary for work requiring collabora- 
tion across disciplines by highly skilled re- 
searchers. Thus, the net effect of research 
centers on the supply of applied agricultural 
research is a priori unknown. 


Revenue Allocation 


In our model, demanders of station research 
do not pay suppliers of station research di- 
rectly, but rather decisions are made at the 
state government level on the share of state 
revenue to be spent on indigenous applied ag- 
ricultural research. We add a behavioral equa- 
tion for allocating state government revenue 
(McMahon) to agricultural research. 

We take the size of total state governmental 
revenues (includes intergovernmental trans- 
fers) as predetermined, but the share of these 
revenues allocated to agricultural research is 
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endogenous. We hypothesize that political- 
economic clout is required to obtain funds for 
agricultural research (i.e., to affect the expen- 
diture share) rather than letting available 
funds be allocated to the production of other 
state-provided goods, e.g., education, wel- 
fare, roads, parks. The director of the agricul- 
tural experiment station and interest groups, 
representing the interests of demanders of re- 
search, play key roles in obtaining these 
funds. The director initiates requests for re- 
search funds from the state legislature based 
upon his first-hand information of the research 
cost and (presumably) of the demand for re- 
search.^ This latter information comes from 
his contact with producer groups, advisory 
boards, and input supply firms, from direct 
requests research, and from client feedback 
through extension personnel. Also, the size 
(or share) of state revenues allocated to ag- 
ricultural research is affected by the director's 
activities (direct or indirect) to obtain legisla- 
tive support for funding. 

Demanders may lobby the state legislator 
directly or through interest groups to achieve 
their political influence. Interest groups ex- 
change their votes in state governmental elec- 
tions for favorable votes by legislators on 
legislation they support. Although consumer 
groups and environmentalists might lobby for 
certain kinds of agricultural experiment sta- 
tion research, we hypothesize that farm 
owner-operators, operators of large farms, 
and farm organizations are the strongest lob- 
byists for agricultural research. Because re- 
search benefits accrue largely as producers' 
surplus to farm operators and as rents to land- 
owners, owner-operators of farms are ex- 
pected to be stronger lobbyists than renter- 
operators. Also, because profitability of adopt- 
ing new technology is a function of the change 
in cost per unit of output and the size of out- 
put, operators of large farms, having more 
units of output, are expected to be stronger 
lobbyists for agricultural research than oper- 
ators of smaller farms. 

General and commodity-specific farm orga- 
nizations can be expected to use their political 
influence to get funds appropriated for re- 
search. The members of commodity-specific 
farm organizations seem likely to be more 


* The budgeting process through which the director of the ex- 
periment station registers funding requests with the state 
legislature—directly, or indirectly through a university president 
and perheps some governing board—may be an important factor 
for obtaining support for agricultural research. 
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homogenous in their research interests than 
general farm organizations, permitting them to 
be more decisive and influential in getting 
funds appropriated for research. The influence 
of these organizations, however, may be 
difficult to assess because of overlapping 
membership, uneven geographical coverage, 
ard withholding of membership data. 

The final equation of the model is an exp2n- 
diture identity or equilibrium equation. A 
summary of the basic four-equation model we 
have developed of resource allocation to in- 
dizenous applied agricultural research is pre- 
sented in table 1. The four endogenous vari- 
atles are entrepreneurial activity of the stat on 
director, price and quantity of indigenous 
applied research, and expenditures on in- 
dizgenous applied research. To obtain a 
reduced-form expenditure equation, we as- 
sumed that each of the four equations has a 


Teble 1. 
Research 
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log, linear form (see appendix). Because of the 
complexity of the expressions in terms of 
structural parameters, the coefficients of the 
reducec-form expenditure equation are dif- 
ficult tc sign. 


Th» Empirical Analysis 


Th2 data base, the empirical specification of 
the variables, and the regression results from 
fitt ng the reduced form of the state expendi- 
ture equation for experiment station research 
are presented and discussed in this section. 


The Data Base and the Variables 


The basic data source on expenditures and 
other characteristics of the agricultural exper- 


A Summary of the Model for Resource A location to Indigenous Applied Agricultural 











Equations 
Variable list Demand Supply Allocation Identity 
(a! Quantity indigenous 
applied research? x X X 
(b) Size of agricultural output X 
(ст Size distribution of farms X X 
(d. Tenure status of farmers x x 
(e; Agricultural input prices X 
(7 Farmers’ education X 
(g) Commodity diversity of 
agricultura] output X X 
(h) Agricultural 2xtension x x 
G) Number of research centers x x 
0) Outside applied research 
stock x 
(k) Price of indigenous applied 
research x x x 
(D Price of indigenous research 
inputs X 
(m)  Entrepreneurial activity of 
station director X X 
(n) Type of station faculty 
appointments X 
(0) Graduate Ph.D. program X 
(p) Outside basic research stock X 
(9) Size of state government revenues X 
(r) Farm organization membership X 
(s) Expenditure Zor indigenous applied 
agricultural research X X 





a A “у” indicates tha: a variable appears in the designated equation. 
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iment stations is the USDA publication, Funds 
for Research at State Agricultural Experiment 
Stations and Other State Institutions. States 
in the conterminous United States are the unit 
of observation, and expenditures for the fiscal 
years of 1960, 1965, and 1970 are used as the 
dependent variable. Cross-sections are com- 
bined to provide a more rigorous test of the 
model and are chosen at the above five-year 
intervals to take advantage of the characteris- 
tics of agriculture reported in the Census of 
Agriculture. 

Most of the variables are constructed on a 
state per capita basis by dividing them by the 
size of the state's population (U.S. Dep. of 
Commerce 1961, 1966, and 1971). We are 
treating public-sector agricultural research as 
a public good, but per capita expenditures 
have a more homoskedastic error term than 
total expenditures. Guttman uses per capita 
units in his empirical analysis. Finally, divid- 
ing both sides of the equation by the size of the 
population does not prevent one from using 
the fitted model to explain total expenditures 
on agricultural experiment station research. 

The dependent variable is a state's grand 
total obligation of funds for the fiscal year by 
the experiment station (and other state institu- 
tions) less nenfederal funds available from 
fees, sales, and miscellaneous sources then 
divided by the size of its population. The fees 
and sales category is excluded because it is 
dominated by sales of livestock and crop 
products from research ргојесіѕ.5 Agricultural 
output is measured as net annual sales per 
capita (total value of farm products sold less 
purchases of livestock and poultry and of non- 
commercial feeds for livestock and poultry), 
(U.S. Dep. of Commerce 1963, 1967, and 
1973) lagged one year. An index of concentra- 
tion (diversity) of a state's agricultural output 
is constructed as the summation of the 
squared procuction share of each of eighteen 
different agricultural commodities or commod- 
ity groups. The index is largest if a state's 
agricultural output consists of only one com- 
modity or ccmmodity group (it is one), and is 
smallest if a state produces an equal value of 
each of eighteen different commodity groups 
(18/324). For input prices, we use only a 
state's annual average hourly wage rate for 


5 The presence of measurement errors in the dependent vari- 
able, say due to its inclusive nature, will not generally affect the 
statistical prope-ties of the estimated coefficients of the model. 
These errors, hewever, would affect the qualify of forecasts from 
the model. 
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hired labor, without board and room (USDA 
1961, 1965, and 1970) lagged one year. The 
main source of interstate variation in other 
farm input prices is transport costs, except for 
land. Land rental data for comparable agricul- 
tural land do not exist, and land price differ- 
ences reflect quality differences and a number 
of economic forces not related to its current 
rental value for agricultural production. The 
education level of farm operators is a Welch- 
weighted (Welch 1966, 1970) average number 
of years of schooling completed by farm 
operators (U.S. Dep. of Commerce 1962, 
1968, and 1972). Extension is the grand total of 
a state's expenditures on extension per capita, 
lagged one year (USDA). 

We constructed two measures of research 
activity outside a given state from data made 
available to us by Robert Evenson (and de- 
scribed in Evenson 1978). The relevant set of 
states to consider in constructing these vari- 
ables was determined by the boundaries of 
geoclimatic regions and subregions derived 
from the 1957 Yearbook of Agriculture (see 
figure 1). These areas have relatively homoge- 
neity of soils and climatic factors. The subre- 
gional applied-research stock (competitive re- 
search) is the summation of past commodity- 
specific livestock and crop research expendi- 
tures, and applied agricultural engineering and 
farm management research expenditures 
aggregated over states with similar agricultural 
subregions outside the state. Applied research 
expenditures were assumed to have a thirty- 
year useful life, and linear weights were 
applied to aggregate over time with seven 
years of increasing, eight years of constant, 
and fifteen years of declining weights. Basic 
research (noncommodity specific research) is 
applicable over a wider geoclimatic area. The 
regional basic research stock (borrowable re- 
search) is the summation of past basic re- 
search expenditures for states in similar geo- 
climatic regions outside the state. Basic re- 
search was assumed to have a forty-year use- 
ful life, and linear weights were applied to 
aggregate over time with seven years of in- 
creasing, eight vears of constant, and twenty- 
five years of declining weights. Outside 
applied and basic research are in per capita 
units. 


$ The time shape for the weights is based upon the results of a 
partial correlation scanning analysis across varying time shapes 
by Evenson (1978). The pattern chosen gave high correlation of 
the research variable with agricultural productivity. The same 
time shape is imposed on all states. 
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Legend: 


1. Northeast Dairy Region 
Middle Atlantic Coastal Plain 
Florida and Coastal Flatwoods 


Southern Uplands 


East-Central Uplands 
Midland Feed Region 
Mississippi Delta 

Northern Lake States 


во SO Rey 


Note: One dot equals 25,000 acres of cropland, 1964. 


Figure 1. U.S. agricultural geo-climate regions 


Four characteristics associated with agricul- 
tural experiment stations follow. A research 
center's variable is derived as the number of 
research stations and substations (USDA, 
Professional Workers in State Agricultural 
Experiment Stations), including main campus, 
per 10,000 farms. The average share of 
budgeted time for research is derived as the 
number of full-time equivalent station re- 
searchers divided by the total number of sta- 
tion researchers engaged full- or part-time in 
research (USDA, Funds for Research). Two 
variables measuring the size of the Ph.D. de- 
gree programs are derived. The station Ph.D.- 
to-research faculty ratio is the (three-year cen- 
tered) average number of Ph.D. degrees 
earned in agriculture and forestry from de- 
partments associated with the agricultural ex- 
periment station (U.S. Dep. HEW, Earned 
Degrees Conferred) divided by the number of 
full-time equivalent station researchers. The 
Ph.D. degrees in otaer areas is the annual 
average (two years) rumber of Ph.D. degrees 
earned in other areas (excluding agriculture 


Nosthern Great Plains 
. Winter Wheat and Grazing Region 
- Coasta! Prairies 
. Southern Plains 


. Grazing-Irrigated Region 

. Расїйс Northwest Wheat Region 
. North Pacific Valleys 

. Dry Western Mild-Winter Region 


and subregions. 


and forestry) at universities associated with 
agricultural experiment stations (U.S. Dep. 
HEW, Earned Degrees Conferred) relative to 
the siz2 of the state’s population. 

The state budget constraint is total revenue 
per capita of the state government from all 
sources, including intergovernmental transfers 
(U.S. Dep. Comm., Statistical Abstracts).’ 
Income generated in the state, types of taxes, 
and willingness of the state's people to be 
taxed are important determinants of the size of 
this budget constraint. Farm size distribution 
is measured as the share of large farms (sales 
=. $40,000) and the share of medium-sized 
farms (sales $2,500-$39,999). The proportion of 
»wner-operators is a weighted-average num- 
Der of full owners and of part owners. Full 


7 For federal matching funds, ezch state much at least match the 
federal fund: with nonfederal funds, including state appropria- ' 
tons, to анау for the federal support of research. In all states, 
ronfederal fonds for experiment station research are considerably 
lerger than tke minimum required to be eligible for federal grant 
funds. Thus, at the margin, additional federal matching funds have 
aa income but not a price effect. 
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owners are given an arbitrary weight of 1 and 
part owners a weight of 0.5. The only accessi- 
ble farm organization membership data are for 
cooperatives. The cooperative membership 
variable is the total estimated number of 
memberships in marketing, farm supply, and 
related service cooperatives (USDA, Statis- 
tics of Farmer Cooperatives) per capita. Be- 
cause a farmer can be a member of more than 
one cooperative, there is considerable double 
counting, but this will be a desirable charac- 
teristic when a cooperative’s influence is de- 
rived from ‘‘speaking for its members." 
Table 2 presents a summary of the empirical 
variables, including the symbols associated 
with each variable, and the sample means and 
standard deviations of the variables. The table 
shows that the mean value of expenditures on 
state experiment station research over the 144 
observations is $1.40 per person and the stan- 
dard deviation is $0.93 per person. (No vari- 
able measuring the prices of indigenous re- 
search inputs is included in the empirical 
model. There are two main reasons for this 


inclusion. First, wage and salary data for ге-. 
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searchers and research assistants by univer- 
sity are difficult to obtain. Second, observed 
cross-sectional variation in these prices may 
be meaningless. Part of the variation would be 
due to quality differences in the services these 
individuals perform, to previous experience, 
and to nonwage characteristics of their job, 
e.g., learning opportunities, pleasantness of 
surroundings, city size.) 


The Results 


The results from fitting a reduced-form expen- 
diture equation by the method of least squares 
to the 144 pooled observations are reported in 
table 3. The equation is fitted with interaction 
terms between In (AGOUT) and CONC and 
between LARGE and In (ARES) and with two 
time-period dummy variables. The impressive 
characteristic of the results is the generally 
good performance of the explanatory variables 
and of the regression model as a whole. The 
results imply that the demand for agricultural 
research is price inelastic and that the supply 


Table 2. Summary Statistics for Expenditures on U.S. State Agricultural Experiment Station 


Research, 1960—1965—1970 





Variables Symbol Unit Mean St. dev. 
Expenditures on experiment station 

research per capita R $0.1 per 14.0 9.3 

person : 
Net agricultural output per capita AGOUT $s of output 2,359.0 2,174.3 
per 1,000 people 

Index of commodity concentration of 

agricultural output CONC 0.21 0.08 
Proportion large farms LAR 0.07 0.06 
Proportion medium-sized farms MED 0.53 0.15 
Proportion owner-operator OWN 0.73 0.09 
Wage rate of hired farm labor WAGE $ per hour 1.20 0.31 
Index of farmers’ education ED 1.49 0.28 
Extension expenditures per capita EXT $ per person 1.39 0.81 
Research centers per farm CEN Centers per 3.06 4.06 

10,000 farms 

Subregional applied research stock per capita ARES 16.12 19.80 
Regional basic research stock per capita BRES 3.92 5.47 
Budgeted share of research time SR 0.70 0.12 
Ph.D. degrees earned in agriculture and 

forestry per full-time equivalent researcher APHD Ph.D. degrees 0.07 0.08 

per researcher 

Ph.D. degrees earned outside agriculture and 

forestry per capita OPHD Ph.D. degrees 0.03 0.03 

per 1,000 people 

State revenue per capita REV $1,000 per capita 0.984 1.02 
Coop membership per capita COOP Member/1,000 people 2.29 1.85 
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Table 3. Least-Squares Estimate of Reduced-Form Equation for Expenditures on U.S. State 
Agricultural Experiment Station Research. 1960—1265—1970 (144 observations) 








Algebraic Estimated 

Variables Form Coefficient t-ratio 
Net agricultural output per capita In (AGOUT) 0.307 3.56 
Index of commod:ty concentration of agncultural output CONC 4.455 2.16 
Proportion large farms LAR 2.077 2.28 
Proportion medium-sized farms MED 0.464 1.09 
Proportion owner-operators OWN 0.756 . 2.29 
Wage rate of hired farm labor in (WAGE) 0.550 2.10 
Index of farmers’ education In (ED) —0.447 —1.93 
Extension expenditures per capita In (EXT) 0.473 6.53 
Research centers per farm In (CEN) 0.214 5.60 
Subregional applied research stock per carita In (ARES) 0.113 3.69 
Regional basic research stock per capita In (BRES) —0.019 -1.51 
Budgeted share of research time In (SR) 0.344 2.74 
Ph.D. degrees earned in agriculture and fo-estry per full-time 

equivalent researcher In (APHD) —0.037 —1,52 
Ph.D. degrees earned outisde agriculture and forestry per capite In (OPHD) 0.057 2.95 
State revenue per capita In (REV) 0.178 2.59 
Coop membership per capita In (COOP) 0.090 2.94 
(CONC) x In (AGCUT) —0.624 —2.41 
(LAR) x In (ARES) —0.592 —2.17 
Dy 0.682 4.75 
Deo 0.362 2.03 
Constant — 1.283 —1.96 

R? 0.92 


â Dw and Des are dummy variables for the years of !970 and 19€0, respectively. The constant includes effects of the year 1965 and the 


proportion of small farms. 


elasticity is positive. The conclusion concern- 
ing the price inelasticity of demand for agricul- 
tural research was derived by comparing 
the signs of the estimated reduced-form coef- 
ficients with predicted signs of reduced-form. 
coefficients based upon hypothesized values 
of structural coeff.cients and of the price elas- 
ticity of demand for research. 

The positively and statistically significant 
coefficient of agricultural output is consistent 
with our hypothesis that the demand for ag- 
ricultiral experiment station research is posi- 
tively related to the size of agricultural output. 
The negative coefficient on the AGOUT- 
CONC interaction variable implies that the 
elasticity of research expenditures with re- 
spect to output is reduced (increased) as a 
"state's agricultural commodities become more 
concentrated (diverse). This result supports 
the hypothesis of commodity specificity of re- 
search final products. The elasticity of re- 
search expenditures with respect to agricul- 
tural output, evaluated at the sample mean of 


CONC, is 0.18. Although this estimate may 
seem small, the estimated coefficient of In 
(AGQUT), is an estimate of the net effect of 
several different structural parameters (see 
apperd:x). The results imply that larger ag- 
ricultaral output shifts rightward the demand 
for research, but the exact magnitude of the 
shift cannot be determined. The elasticity of 
research expenditures with respect to CONC, 
evalucted at the mean of In AGOUT, is nega- 
tive. We hypothesized that greater diversity 
(concentration) of agricultural output would 
shift the demand for research to the right (left) 
and th2 supply schedule upward (downward). 
The negative elasticity is consistent with this 
hypotkesis. 

The 3ize distribution of farms and the tenure 
status of farmers affects research expenditures 
through the demand and allocation equations. 
Expencitures are positively related to the pro- 
portion of large farms and to the proportion of 
medium-sized farms. (We find that variables 
measurng the size of farm output per capita 
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and the proportion of farms by size class are a 
superior specification to the number of farms 
per capita in each size class.) These direc- 
tional effects are consistent with the positive 
hypothesized effects of these variables on the 
demand for research and on state revenue al- 
location. The marginal effect of LARGE on 
research expenditures depends on the size of 
the subregional applied research stock. The 
estimated coefficient of the interaction term 
between LARGE and In ARES is negative. 
(When the interaction term between LARGE 
and In ARES is excluded from the regression, 
the estimated coefficient of LARGE is positive 
but has a 7-гайо of only 1.0. The estimated 
coefficient of an interaction between MED and 
In ARES was not significantly different from 
zero at the 5% level.) It suggests that 
operators of large farms have greater ability to 
borrow (or have a greater incentive to search 
and experiment with) applied research from 
the available stock in similar subregions out- 
side their state than have other farmers. This 
opportunity to borrow reduces their demand 
and willingness to lobby for indigenous 
applied agricultural research. At the sample 
mean value of In ARES, the estimated per- 
centage change in research expenditures due 
to a one percentage point change in the share 
of large farms is 0.80. Since the estimated 
coefficient of MED is 0.46 (not significantly 
different from zero at the 5% level), a one 
percentage point increase in the share of large 
farms (LAR) has a much larger effect on re- 
search expenditures than does a one percent- 
age point increase in the share of medium- 
sized farms. This finding is consistent with 
differences in expected returns from indige- 
nous agricultural research by these sizes of 
farms. The estimated coefficient of the propor- 
tion of farm owner-operators has the expected 
positive sign. 

The positive and statistically significant es- 
timated coefficient of the hired farm wage rate 
is consistent with the hypothesis of input 
prices shifting rightward the demand for indig- 
enous applied agricultural research. The re- 
sult suggests that farmers in states with high 
farm wage rates have demanded research to 
reduce the rising relative labor costs of ag- 
ricultural production. 

The information-related variables, except 
for farmers' education, have positive esti- 
mated coefficients. We hypothesized that both 
the demand Zor and the supply of research 
would be shifted to the right by extension ac- 
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tivities. The positive coefficient is consistent 
with this hypothesis. The number of research 
centers per farm has 2 significant positive ef- 
fect on research expenditures. Although this 
variable was expected to shift the research 
demand schedule to the right, the supply of 
research might shift in either direction, so the 
positive coefficient is consistent with our hy- 
pothesis. The negative and statistically sig- 
nificant coefficient of farmers’ education is 
puzzling. We hypothesized that increasing 
farmers' education shifts rightward the de- 
mand for indigenous research and increases 
desired research expenditures. The estimated 
coefficient does not support this hypothesis. 
The result has the surprising implication that 
farmers' education substitutes for public sec- 
tor indigenous research. This might arise from 
more educated farmers depending more heav- 


-ily on private sector research (and less on 


public sector validation) or on borrowing large 
amounts of applied research from other states. 
The estimated coefficient of an education- 
applied research interaction term, however, 
was not significantly different from zero. 

The performance of the variables measuring 
the potential research stock outside a state 
shows that external factors affect a state's re- 
search expenditures. The positive and statisti- 
cally significant coefficient of subregional 
applied research suggests rivalry; applied re- 
search in similar subregions outside a state is 
competitive. A state's farmers demand in- 
digencus research in an attempt to minimize 
their loss of comparative advantage to other 
farmers in similar subregions. The negative 
coefficient of regional basic research suggests 
that states with a greater potential for borrow- 
ing research reduce their expenditures on re- 
search. This can arise from a rightward shift in 
the supply of research, provided the demand 
for indigenous research products is price in- 
elastic. 

The budgeted share of research time and the 
two Ph.D. variables are supply-side control 
variables. Expenditures on research are posi- 
tively related to the share of research time of 
station research staff. Raising the share of a 
researcher’s time allocated to research may 
either raise or lower efficiency (the supply 
curve of research). If the demand for research 
is price inelastic, then the positive coefficient 
implies a loss in efficiency. 

Expenditures on research are negatively 
(but not significantly) related to the station 
Ph.D.-to-researcher ratio. Research expendi- 
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tures are positively related to the number of 
Ph.D. degrees earned in areas other than ag- 
riculture and forestry within universities zsso- 
ciated with agricultural experiment stations. 
The size of these Ph.D. programs provides an 
index of the quality of the graduate program in 
nonagricultural areas and the potential for 
intra-university borrowing of knowledge by 
station facultv and graduate students. When 
the demand for research is price inelastic, this 
positive coefficient contradicts the hypothesis 
of an efficiency gain, but it might reflect the 
general willingness of the public to support all 
kinds of research at land-grant universities. 

The estimated coefficient of state revenue is 
positive, and the revenue elasticity of exper di- 
tures is 0.18. Thus, other things equal, states 
with greater financial ability do spend more on 
experiment station research. This finding sup- 
ports Schultz's observation (1971) that 
wealthier states spend more on agricultural 
experiment station research than do less 
wealthy states and Peterson’s finding (1969) 
that expenditures on experiment station re- 
sezrch are positively related to a state's level 
of nonfarm income. 

The estimated coefficient of cooperative 
membership is positive and significantly d:f- 
ferent from zero. Membership in this type of 
farm organizatioa seems to influence state ap- 
prooriations for egricultural research. Multiple 
membership in cooperatives also seems to be а 
significant factor in explaining research ex- 
penditures, because alternative empirical 
definitions of the coop variable that removed 
some or most of the overlapping membershi> 
(e.g., volume o? business) performed less 
welL 


Implications and ‘Conclusions 


Our results show that agricultural experiment 
station research expenditures have been re- 
sponsive to economic and institutional forces. 
Experiment station research has been substi- 
tuted for farm labor in an era of rising wage 
rates. Undoubtedly, much of this research has 
been induced to develop labor-saving (aug- 
menting) techniques. Likewise, the finding of 
positive effects of the proportions of large and 
meditm-sized farms and of owner-operated 
farms on research expenditures suggests that 
these groups affect the nature of research un- 
dertaken. However, the support for station 
research by the operators of large farms de- 
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clines if there is a large quantity of applied 
research available from similar subregions in 
other states. 

The wealthier (based upon per-capita state 
government revenues) and more agriculturally 
oriented states (as measured by size of agricul- 
tural output per capita) have supported and 
will likely continue to support public agricul- 
tural research in the future (Schultz 1971). In 
an era of relatively declining federal support, 
the implications for agricultural research sta- 
tions in less affiuent and less agriculturally 
oriented states are rather pessimistic. Farmers 
in these states may encounter increasing com- 
parative disadvantage relative to farmers in 
states with similar geoclimatic regions, if their 
competitiveness is not maintained by a flow of 
applied research products. Also, if these states 
are characterized by smaller-sized farming op- 
erations, the capacity of these farmers for bor- 
rowing final research products from other 
states is further reduced. Finally, if other 
states in similar geoclimatic regions are suffer- 
ing similar economic fates, the potential for 
borrowing basic research will be reduced. 

The supply side of our model includes some 
implications for the organization of the exper- 
iment station. Expenditures for research are 
positively related to the budgeted share of 
staff research time and to the number of re- 
search centers per farm and negatively related 
to agricultural Ph.D.s earned per full-time 
equivalent station researcher. Assuming the 
demand for agricultural research is price in- 
elastic, these results suggest that decreasing 
nonresearch commitments of researchers and 
increasing the regional specificity of research 
within the state through more research centers 
will decrease productivity of the station. In- 
creasing the ratio of graduate students to sta- 
tion researchers may actually increase produc- 
tivity. 

In periods of fiscal restraint and declining 
real resources’ due to inflation, directors may 
find it necessary to reduce expenditures and 
reallocate station resources. To the extent that 
they are not bound by institutional con- 
straints, substituting less costly research assis- 
tants for scientists, reducing the share of re- 
search time per scientist, and consolidating 
the number of outlying research centers may 
both reduce resource needs and increase sta- 
tion productivity. 

Past research has shown that improved in- 
formation has a positive impact on the demand 
for new agricultural inputs. In this study we 
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find that extension expenditures һауе а posi- 
tive effect on research expenditures, but that 
farmers’ schooling has a negative effect. Ex- 
tension aids in the dissemination of informa- 
tion and research final products and in the 
. identification of farm problems needing re- 
search. This complementarity should not be 
overlooked by state legislatures, especially if 
the federal government implements reductions 
in both research and extension funding. Al- 
though the education result is troublesome, 
holding all other factors constant, it may indi- 
cate that better-educated farmers realize the 
pervasive nature of public research and at- 
tempt to capture the benefits through private 
agricultural research. Thus, they may engage 
in their own research or purchase privately 
supplied research inputs. 

Cooperative membership has a positive ef- 
fect on research expenditures. To the extent 
that coop membership is a proxy for member- 
ship in farmer-oriented public interest groups, 
these results suggest that, if a state's farmers 
are better organized (Guttman), they will have 
a stronger effect on state allocations to agricul- 
tural research. Our results also imply that the 
multiplicity of farmer membership in these 
public interest groups increases their effect on 
research expenditures. 

Some of the key variables in our model are 
expressed in per capita units as opposed to 
total units. Because the impact of a state's 
population on experiment station size may be 
of interest, we used our results to derive the 
total expenditure elasticity with respect to a 
state's population, valued at the sample mean 
of concentration and proportion of large farms 
and holding per capita state revenue constant. 
The implied elasticity estimate is 0.85, imply- 
ing that states with large populations have the 
larger stations, other things equal. 

The impact of potential cutbacks in federal 
funding for state experiment stations is a con- 
cern of the agricultural research system. In 
our model, federal funds for experiment sta- 
tion research are included in the state revenue 
variable. For 1960, 1965, and 1970, federal 
funds for experiment station research aver- 
aged 0.09% of total state revenues, and the 
state revenue expenditure elasticity of re- 
search expenditures was 0.18. Thus, a 10% 
decrease in federal support for station re- 
search implies a 0.9% decrease in state reve- 
nue and a 0.15% fall in state expenditures on 
agricultural research. Our analysis implies that 
the adjustment for an experiment station in an 
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average state would not be drastic, but the 
adjustment may be more severe for stations in 
states where federal funding of station re- 
search is a larger-than-average share of total 
state expenditures. 


[Received September 1979; revision 
accepted September 1980.] 
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Appendix 


The Mathematics of the Reduced-Form Equation 


The mode: of resource allocation for agricultural research 
contains a demand equation, a supply equation, a revenue 
allocation equation, and an expenditure identity. In log, 
lmear form, the model is as follows: 


C) In Q= a, In X, + œ In X,+ œ In X; + Sin Р, 
C) In P = & h X, + В, ln X, 

+ B,InX;+sinQt+ 6,InA, 
In E = y, In Хз + ys In X; + ye In Xe + 8; In A, 
in Е= In Q + 10 Р, 


(5) 
(4) 


waere €, s, a;, Bi. 6;, and у, are unknown parameters; and 
waüere Q is quantity of indigenous applied research; P, 
price of indigenous applied research; E, revenue for (ex- 
penditure on) indigenous applied research; A, entre- 
preneurial zctivity of the station director; X,, variable(s) 
encering demand equation only; X;, other variable(s) en- 
tering demand and supply equations; Хз, other variable(s) 
entering demand and allocation equations; X, variable(s) 
entering supply equation only; X;, other variable(s) enter- 
ing supply end allocation equations; and Ху, variable(s) 
entering allccation equation only. 

Equations (1)--(4) are solved to obtain the reduced-form 
expenditure equation: 


(5) 
ln E = (6/[&(1 — 85) — 6, (1 + 8)] (001 + 5) 
In X, + [esi +s) + BY ô)j in X; + [оз(1 + s) 


- a 11 + 8)y5] ln Xs + B + 8) In X, + [650 + 8) 


2 





9. (1+ 5) ys In Xj]. 
Ө, 
There are turteen structural parameters in the six 
reduced-form coefficients of equation (5), so identification 
of these structural parameters would require buying a 
relatively large set of nonzero restrictions on the included 
structural parameters. This exercise is left to the in- 
terested reader. 
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Participation in Farm Commodity 
Programs: A Stochastic Dominance 


Analysis 


Randall A. Kramer and Rulon D. Pope 


The net benefits of participation in farm commodity programs are analyzed with a 
normative risk model kased on stochastic dominance theory. Utilizing entire probability 
distributions of participation and nonparticipation net returns, the impacts of alternative 
program features and farm size are investigated. Small changes in program parameters 
are found to affect participation decisions. It also is demonstrated that farm size can 


influence participation choices. 


Key words: commodity programs, risk, stochastic dominance. 


The decision to participate in farm commodity 
programs has treditionally been a voluntary 
one. Under current legislation a farmer may 
elect to participate by fulfilling any set-aside 
requirements thal are in effect. For example, 
in 1979, set-asiCe was required for wheat, 
corn, sorghum, and barley. Previous research 
on commodity programs has focused primarily 
on either (a) the impacts of the programs on 
supply response (Houck and Ryan, Just) or 
(b) the impacts of the programs on asset val- 
ues (Boehlje and Griffin, Harris). The intent of 
this paper is to contribute to the understanding 
of the economic incentives facing a grower 
choosing to part:cipate or not to participate in 
commodity programs by assessing the benefits 
(improved income or income stability) and 
costs (set-aside acreage). Though expected re- 
turns have been used in analyzing program 
participation decisions (Robbins), the purpose 
of this paper is to present a procedure to ana- 
lyze participatian utilizing the entire probabil- 
ity distributions of net benefits. Since there is 
ample evidence that farmers respond to risk as 
altered by commodity programs (Just), the 
need for including risk in studying participa- 
tion is apparent. À normative risk model, 
based on stochzstic dominance theory, is used 
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to investigate the impact of alternative pro- 
gram features and farm acreages on the par- 
ticipation decision of California field crop 
farmers. The stochastic dominance model also 
is compared to the more restrictive mean- 
variance analysis. Particularly where skew- 
ness is altered by the program, it is argued that 
expected utility, using empirical distributions, 
is likely to be more appropriate and more il- 
luminating for investigating program choices. 


Commodity Program Features 


The commodity programs under the Food and 
Agriculture Act of 1977 feature a dual price 
system utilizing loan rates and target prices. 
Loan rates are used in determining the value 
of crops for nonrecourse loans through the 
Commodity Credit Corporation (CCC). A 
program participant can place any amount of 
production in approved storage and receive a 
loan equal to the loan rate multiplied by the 
quantity of grain in storage. If the average 
market price falls below the loan rate, the par- 
ticipant can forfeit the stored crop in lieu of 
repaying the loan. Consequently, the loan rate 
generally places a floor under the commodity 
price for a participant. 

Target prices are used in the determination 
of deficiency payments to producers. De- 
ficiency payments are activated when the 
average market price of a commodity over a 
specified period falls below the commodity’s 
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target price. The difference between the target 
price and the higher of the average market 
price or the loan rate establishes the per unit 
deficiency payment for participants. The na- 
tional loan rate, which is used in the determi- 
nation of maximum deficiency payments, may 
differ from the loan rate encountered by a 
farmer obtaining CCC loans, because the lat- 
ter loan rate is adjusted for regional ccndi- 
tions. 

Deficiency payments are multiplied ty a 
program allocation factor which is not known 
in advance by farmers. It is legislated to be 
between 0.8 and 1.0. Deficiency payments are 
made on program yields rather than actual 
yields. The program yields are establishec by 
Agricultural, Stabilization, and Conserva-ion 
Service (ASCS) county committees. 

To be eligible for price and income sup- 
ports, farmers must satisfy set-aside require- 
ments (if any). In general, the set-aside acre- 
age must be devoted to conservation prac- 
tices. Additional voluntary diversions are en- 
ccuraged through extra payments. Farmers 
meeting set-aside requirements also are el gi- 
ble for disaster payments. Disaster paymeats 
are made for prevented plantings and unusu- 
ally low yields. For further information on the 
commodity programs, see Johnson and 
Erickson. 

A farmer considering the participation deci- 
sion must weigh the program benefits resulting 
from the nonrecourse loans, deficiency ргу- 
ments, and disaster payments against the pro- 
gram costs resulting from the set-aside re- 
quirements. Given the operational complexity 
of the commodity programs, the participation 
decision requires careful analysis. The vari- 
ability and other moments of economic returns 
are important considerations in farm level d2- 
cision making (Lin, Just). Moments other then 
the mean are likely to be especially relevant in 
farm program participation decisions, because 
of the alleged risk-reducing nature of the pro- 
grams. 


Motivation for Stochastic Dominance Analysis 


The methods for analyzing optimal choices cr 
eliminating inefficient choices for a class cf 
risk preferences are numerous in theory, but 
relatively few in practice. The method most 
. usec for continuous choice efficiency analysis 
is quadratic programming (or MOTAD). Often 
the efficient set is reduced to a single optimum 
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pian based upon the mean-variance model of 
Freund. Stochastic dominance is a popular 
tool for discrete choice efficiency analysis. It 
makes pairwise comparisons of probability 
distributions, F; and F; from a finite set of 
споісеѕ in order to determine if one is in- 
eificient and should be discarded from the 
efficient set. When there is a continuous mix- 
ing of returns on various crops (whole farm 
pkanning), dominance procedures must com- 
реге an infinite number of farm plans. As a 
result, little progress has been made toward 
developing a portfolio algorithm based upon 
deminance considerations. Though mean- 
variance analysis easily can accommodate 
whole farm planning, its propriety rests upon 
the validity of return distributions or decision 
maker preferences which consider only mean 
and variance. Levy and Markowitz have ar- 
риза that increasing the complexity of the ap- 
proximation in mean and variance of a general 
utility function may improve mean-variance 
results. Yet, the fundamental issue is the exis- 
tence and magnitude of higher order moments. 

For these and other reasons, proponents of 
expected utility analysis have been critical of 
mean-variance approaches except under nor- 
ma.ity. Though the quadratic utility function 
gives an expected utility function in mean and 
variance without assuming normality, it exhib- 
its .ncreasing risk aversion, a property which 
seems to have little empirical or theoretical 
support (see Pratt for a discussion). It seems 
reasonable to suppose that returns both in and 
out of the farms program are not normally 
distributed (or symmetric) because the pro- 
gram serves to reduce the probability of low 
inccme events. 

A remaining issue concerns the importance 
of modeling the optimal farm plan. Stochastic 
dominance performs well when there is a 
finite, and hepefully small, number of crop 
choizes (such as those delineated by field 
boundaries in irrigated agriculture). On the 
basis of a 1979 survey of California farmers, it 
appears that there was little recent change in 
crop configuration in response to government 
prog-ams; that is, the participation decision 
was conditional on crop selection.! Even in 


А mail survey was sent to 826 California farmers in nine 
counties. Information was requested on participation behavior in 
1978 ard 1979. Most respondents either participated in both years 
or did not participate in both years. A small number (25) 
participated in only one of the two years. More than half of this 
group (32%) altered their acreage of program crops by less than 
18%. Ir all cases there were no systematic changes across farms 
with sinilar endowments. 
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the area of California considered, a farm may 
have few production or marketing alternatives 
in the short run, when specialized machinery 
investments, contracts, and field configura- 
tions for irrigated agriculture are considered. 
However, one suspects that continuation of 
the programs would lead to systematic ad- 
justments. Therefore, the decision whether or 
not to participate in the farm programs, given 
crop acreages, seems to have both positive 
and normative economic relevance. This sug- 
gests that the generality implied by expected 
utility and stochastic dominance may be 
applied easily. 


Stochastic Dominance 


Stochastic dominance allows the ranking of 
probability distributions for different classes 
of risk attitudes. Although the concept of 
stochastic dominance is relatively new, a 
rather extensive literature on the subject has 
emerged (see Whitmore and Findlay for a bib- 
liography). Recently Meyer has generalized 
the stochastic dcminance theorems. As the 
earlier results are special cases, only Meyer’s 
conceptual framework will be presented. 

Meyer’s work depends on the Arrow and 
Pratt measure of local risk aversion, r(x) = 
—U"(x)/U' (x), where, generally, x is income 
or wealth. While the sign of the second deriva- 
tive of the utility function, U"(x), indicates 
whether a decision maker is risk-averse [U"(x) 
« 0] or risk prone [U"(x) > 0], its magnitude 
provides no insight into risk attitudes. This is 
because U"(x) is affected by linear transforma- 
tions, although the utility function is not. The 
Arrow-Pratt measure avoids this problem. It is 
also important to note that any utility function 
can be written in terms of r(x)(Pratt). 

Meyer considers the set of decision makers, 
U[ri(x), re(x)], with utility functions that sat- 
isfy 

r(x) S —U"(x)/U'(x) = (х) for all x. 


In other words, ihe degree of risk aversion at 
all points x lies between г, (х) and r.(x) for all 
agents in the set The convenience of Meyer's 
approach is that different sets of decision 
makers can be considered by varying the 
lower bound, r,(x) and the upper bound, r(x). 
Since r(x) is generally estimated, it is conve- 
nient to consider not only point, but interval 
estimates of r(x! as well. Thus, r,(x) and r;(x) 
may be the upper and lower bounds of the 
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interval. Also, given such a set of decision 
makers [or a single decision maker for whom 
we are uncertain of r(x)], it can be determined 
whether or not all persons in the group prefer 
one cumulative distribution, F(x), to another 
one, G(x), or are indifferent. If F(x) is pre- 
ferred to G(x), F(x) is said to dominate G(x). 

If F(x) is preferred to G(x) for all permissi- 
ble r(x), then it must be true that 


| "UGOfG)dx — | Ute Gods 


0 0 


- [uoto — g(x)]dx > 0, 


where f(x) and g(x) are probability density 
functions defined over the range of the random 
variable specified here as [0, 1]. Integrating 
the above by parts yields 


1 
f [G(x) — Е(х)]0'(х)ах = EU (x) — E,U(). 
If the above expression is minimized over r(x) 
and is positive, then all decision makers for 
whom rix) =:r(x) =:re{x) prefer F(x) to G(x) 
[even the decision maker least prone to 
choose F(x)]. Thus, the problem can be cast in 
a control framework with U' (x) as a state vari- 
able and r(x) as a control variable as follows: 


Max — [TG — F(x)]U' (x)dx, 


subject to the equation of motion, 
[U'G)]' = U'GO[U" G)/U'(x)], 
and the constraints on the control, 


[—U"(x)/U'(x)] - n(x) z:0 
[U"(x)/U' (x)] + m@) =-0, 


and the initial condition, U'(0) = 1.0.? 

This problem minimizes the difference in 
expected utility between F(x) and G(x) with 
respect to r(x). The solution to this problem 
determines whether F(x) is preferred or indif- 
ferent to G(x) for all decision makers in the 
class, U[ri(x), rs(x)], for any specified ri(x) 
and r(x). Meyer shows that this control prob- 
lem is a ‘‘bang-bang”’ one; that is, the solution 
value of the control variable will be either the 
upper or lower bound. Finally, if F(x) is pre- 
ferred to G(x), then it has been shown that the 
objective functional must be nonnegative. 


? Meyer assumes that F(x) and G(x) have points of increase on 
a bounded interval taken for simplicity to be [0, 1], thus, the limits 
of integration. The initial condition is a harmless normalization 
necessary to ensure that a unique maximum exists. 
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Two special cases of Meyer's formulztion 
can be considered by varying the risk-aversion 
bounds. First, if r,(x) = — and r(x) = +, 
then the set of agents includes all decision 
makers. The first degree stochastic dominance 
theorem states that for any two probatility 
Cistributions, F(x) and G(x), the expected util- 
ity of f(x) exceeds the expected utility of ¢(x), 
if and only if F(x) = G(x) for all x with strict 
inequality for at least one x. In other words, all 
decision makers will prefer f(x) tc g(x), if and 
only if the cumulative function G(x) lies 
everywhere above F(x). 

The second special case is when r(x) = 0 
and r,(x) = +2. In this case the set includes 
all risk-averse agents. The second degree 
stochastic dominance theorem states that for 
all risk-averse agents, the expected utility of 
f(x) exceeds the expected utility of g(x), if and 
only if 


[ LPO) — боду = 0 


for all x, and G # F for at least one x. In otaer 
words, if two cumulative distributions crcss, 
F(x) is preferred to g(x), if and only if the azea 
beneath F(x) and to the left of x is less than -he 
area below G(x) and to the left of x for any x. 
An application of first, second, and third de- 
gree stochastic dominance to technolcgy 
choice has been presented by Anderson. 

Though the above description Fas utilized 
continuous probability density functions, it 
clearly carries over to cases of discrete dis- 
tributions by a simple modification of the 
above results by identifying integration as an 
appropriate summation. Using Meyer's formu- 
lation, dominance results are obtained for de- 
cision makers whose preferences lie in a spec- 
ified interval. 

Meyer's more general approach allows the 
ranking of distibutions that could not be 
ranked by previous stochastic dominance 
theorems, such as first or second degree 
stochastic dominance. In one simple al- 
Borithm, first degree, second degree or more 
general dominance efficient sets can be de- 
lineated. Without reference to an individual 
decision maker, suppose it were determined 
that participation was preferred to попрагііс:- 
pation for all r(x) in (.0000001, + o). This 
implies that nearly all risk averters (those with 
r(x) > .0000001? would participate. Yet, sec- 
ond degree stocaastic dominance could nct 
have given us this information. Thus, еуел 
without knowing the quantitative m2asure af 
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r(x), we could be reasonably sure that a risk- 
averse decision maker would prefer participa- 
tion. By varying r,(x) and r.(x), the effects of 
tbe magnitude of risk aversion on choices can 
be studied (see Pope for further discussion of 
the advantages of Meyer's approach). Finally, 
as stated earlier, a second reason for interest 
in the interval approach is that it allows more 
robust analysis than when point estimates of 
U x) and r(x) are given. This is because these 
fuactions generally must be estimated, and, 
hence, interval estimates may be more appro- 
prate than point estimates. 


Medel and Data 


A nonparticipant’s net revenue, summed over 
К crops, can be expressed as 


(D 
NR, = Y P - HC) - Y,- A] - PHC), 


where P, is the market price; HC;, average 
variable harvest cost per unit; Y;, yield per 
acre; Á; the total number of acres; and PHC;, 
total variable preharvest cost, all for the ith 
crop. In this analysis fixed costs are ignored as 
they are assumed not to affect the participa- 
tion decision of an individual farmer in the 
short run.? Harvest and preharvest costs are 
separated because harvest cost is assumed to 
be stochastic, varying with yield. 

The net revenue for a program participant 
growing K crops can be expressed as 


К 
(2) NR, = z ((P'; — НС). Y, + DFP, 


+ DSP} (А, — PHG): (1 — S95 


where P'; is higher of the local price or local 
loan rate for the ith crop; 
DFP, is per acre deficiency payment, or 


Mex [(TP, - NP),0]- (PY, - DY): АЕ; 


DSP; is per acre disaster payment, or a; 
* ТР; £ DY;; 


3 Throughout, we model the preference function over the 
distribution of net returns. Only empirical analysis can determine 
wheth:r omitting wealth or consumption is important, since utility 
theory does not determine whether wealth, consumption, income, 
rate 0? return, loss, etc., are utility function arguments. For 
constaat risk aversion, changes in wealth or fixed costs will do 
nothing to the ranking of preference over distributions. For 
decreasing or increasing risk aversion, such changes will alter 
boundzry intervals. However, because the total risk-aversion 
range ef interest is analyzed, the qualitative results will not be 
affectel. 
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AF; is program allocation factor (as- 
sumed fixed); 

TP, is target price; 

NP, is higher of the national average 
market price or national loan rate; 
PY, is program yield; 

DY, is disaster yield, or 


Max [(b; : PY, — Y), 0]; 


a; is 0.50 for wheat and feed grains and 
0.33 for cotton; 

b; is 0.60 for wheat and feed grains and 
0.75 for cotton; and 

$, is set-asid2 proportion, all for the ith 
crop.^ 


Deficiency payments are not made if (TP; — 
МР!) is nonpositive. Also, no disaster pay- 
ments are made if (b; · PY, — Y;) is nonposi- 
tive. Equation (2) says that a farmer will re- 
ceive an amount equal to the higher of the 
market price or loan rate, plus any deficiency 
and disaster payments, minus harvest and 
preharvest costs, all multiplied by the amount 
produced. As indicated by equation (2) and 
the definition of P’;, participation serves to 
truncate the lower portion of the price dis- 
tributions. Thus, iz the distribution of net re- 
turns is normal under nonparticipation, it is 
likely not normal under participation. 

Using equations (1) and (2), the participa- 
tion decision of a iield crop farmer in Califor- 
nia's San Joaquin Valley was considered. A 
representative farm for Kern County was con- 
structed with the following crop mix: 340 acres 
of wheat, 180 acres of barley, 80 acres of sor- 
ghum, 200 acres of cotton, and 120 acres of 
alfalfa hay. 

In order to construct empirical probability 
distributions of net revenue, average Kern 
County prices and yields 1969—78 were used. 
While various government programs likely 
impacted on historical prices over this time 
period, the series of counterfactual prices 
would be difficult, if not impossible, to con- 


4 Net revenue is multiplied by (1 — S,) to reflect the opportunity 
cost of the set-aside. If income-producing activities were allowed 
on the set-aside acreage, then the opportunity cost would have to 
be adjusted accordingly. However, under current provisions, no 
haying or growing of other crops is allowed on set-aside acreage. 
Also, this equation assumes that the participant's land is 
homogenous. If some of the jand is of marginal quality, the 
opportunity cost would te reduced. Moreover, this equation does 
not consider all aspects of the participation decision, i.e., pre- 
vented plantings, divers:on payments, use of nonrecourse loans 
for operating capital, amd farmer-owned reserves. The farmer- 
Owned reserves is a separate program beyond the scope of this 
study. - 
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struct. Acknowledging this limitation, histori- 
cal prices were used to construct the distribu- 
tions. The probability distributions of prices 
and yields were considered independent. Em- 
pirical support or refutation for this assump- 
tion is difficult to obtain since farm level data 
are not available. However, support is indi- 
cated by low, and generally insignificant, cor- 
relation coefficients between prices and yields 
even at the county level. 

Prices were deflated by the USDA index of 
prices paid for production expenses in order to 
adjust for inflation. The yield data were de- 
trended with the following procedure. The 
data were regressed on time, and if the result- 
ing coefficient was significant at the 5% level, 
the data were adjusted. The adjustment was 
made by predicting the mean value for 1979, 
and then adding to this value the regression 
residuals for each of the ten time periods. For 
the yield data, cotton and wheat required de- 
trending. None of the deflated price data re- 
quired detrending. Because one does not ex- 
pect autocorrelated structures for yields, it 
was not deemed necessary to use an autore- 
gressive, moving average scheme to detrend 
the data. Regression results are available from 
the authors upon request. 

County check yields were used as program 
yields for wheat and feed grains in the calcula- 
tions. The check yields are used by ASCS 
county committees as guidelines for determin- 
ing program yields for individual farms. The 
check yields were obtained from the California 
state ASCS office. County check yields were 
not available for cotton because program 
yields are based solely on actual yields ad- 
justed for abnormal conditions. A cotton pro- 
gram yield for the representative farm was 
calculated by applying ASCS formulas to the 
county average yield data. 

Cost data were obtained from the Univer- 
sity of California Cooperative Extension 
Budget Generator. The budget generator was 
used to synthesize costs for growing the vari- 
ous acreages of the five crops given above. 

The upper and lower bounds on the risk 
aversion coefficients used in this analysis are 
shown in table 1. A negative value of r(x) 
indicates risk proneness, a zero value indi- 
cates risk neutrality, and a positive value indi- 
cates risk aversion. Group 1 would include the 
most risk-preferring farmers, while group 12 
would include the most risk-averse farmers. 
Little is known about farmers’ risk charac- 
teristics, because very few utility functions 
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Table 1. Risk-Aversion Coefficients 





Farmer Groups r(x)? r; (x)? 

Group. 1 —0.04000 —0.03000 
Group 2 — 0.03000 —0.02000 
Group 3 —0.02000 —0.01000 
Group 4 —0.01000 0.00000 
Group 5 0.00000 0.00125 
Group 6 0.00125 0.00250 
Group 7 0.00250 -0.00500 
Group 8 0.00500 0.00750 
Group 9 0.00750 0.01000 
Group 10 0.01000 0.01500 
Group 11 0.01500 0.02000 
Group 12 0.02000 0.03000 





* Lower bound on the risk-aversion coefficient. 
> Upper bound on the risk-aversion coefficient. 


have been estimated for farmers (for a review 
of the measurement of farmers’ risk prefer- 
ences see Young et al.). The values in table 1 
were Selected so as to cover the range of risk- 
aversion coefficients reported in previous 
studies. If one assumes that the certainty 
equivalent is to surpass the lowest observation 
90% of the time, then most decision makers 
would be in the lower portion of the risk- 
averse range (positive but close to zero) for 


Table 2. Generated Sample of Net Returns 
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constant risk-averse bounds and using most of 
the distributions studied. For this reason not 
all intervals were chosen to be of equal length. 

The participation decision was analyzed by 
computing probability distributions of net re- 
turns for the representative farm based on the 
distributions of prices and yields, the synthe- 
sized cost data, and the 1979 target prices, 
loan rates, and set-asides. The program alloca- 
tion factor was not known in advance by farm- 
ers, so the legislated minimum of 0.8 was used 
initially. The loan rate was assumed to trun- 
cate the price distribution in such a way as to 
Stack all of the truncated probability at the 
loan rate. This is the truncation procedure 
used by Boehlje and Griffin. Target prices, 
loan rates, and costs also were deflated by the 
USDA index of prices paid for production ex- 
penses. The generated sample of net returns 
is given in table 2. 

In order to assess the impact of program 
parameters on the participation decision, four 
alternative policy scenarios were examined. 
First, set-aside requirements were reduced by 
one-half. Second, target prices were increased 
10%. Third, loan rates were increased 10%. 
Fourth, the program allocation factor was 
raised 10%. It was expected that each of these 





Probability Distributions 











Year 1 2 3 4 5 

1959 22,639 29,871 31,828 37,536 26,875 
1970 26,987 33,856 35,754 41,414 29,966 
1971 30,869 32,590 34,843 39,087 32,590 
1972 52,938 50,474 53,310 57,467 49,636 
1973 68,373 63,666 66,019 63,666 63,666 
1974 90,711 80,787 85,749 82,525 80,787 
1975 73,913 67,471 70,692 67,471 €7,471 
1976 88,470 82,379 85,499 84,582 €2,379 
1977 44,854 46,858 48,876 51,220 46,858 
1978 17,245 20,511 21,983 24,088 20,511 








6 7 8 9 10 
31,131 24,142 36,472 48,956 62,991 
35,078 31,895 44,720 57,655 70,962 
33,166 36,482 38,110 65,477 68,480 
50,874 61,915 65,681 109,480 104,122 
63,666 98,222 96,090 140,357 130,514 
80,787 192,343 97,757 185,035 164,757 
67,471 97,842 94,886 151,384 138,069 
82,394 129,538 126,744 180,542 167,930 
47,466 58,461 69,467 93,326 96,905 
20,766 16,627 23,876 38,324 44,361 








No:e: The empirical distributions were calculated ‘п the standerd way of associating with each sample point the probability of 1/10. This 


was done for the ten scenarios described below: 

. Nonparticipation 

. 1979 program features 

. Set-asides cut by 4% 

Target prices raised 10% 

Loan rates raised 10% 

. Allocation factor raised 1076 

. Nonparticipation with different cropping pattern 

. 1979 program features with different cropping pattern 
9. Nonparticipation with acreages of all crops doubled 
10. 1979 program features with acreages of all crops doubled 


О бе WO |a Ro p ке 


Program parameters were obtained from ASCS. Cost data were calculated by the University of California Cooperative Extension Budget 
Generator. All yield data except alfalfa came from California Crop 2nd Livestock Reporting Service (1977, 1979). Alfalfa yields came 
from Kern County Agricultural Commissioner. All U.S. price data came from U.S. Department of Agriculture. Kern County barley and 
wheat data were obtained from Federal-State Market News Service (a). Kern County alfalfa prices came from Federal-State Market 
News (b). Kern County cotton prices were obtained from Kern County Agricultural Commissioner. The figures given are in 1967 dollars. 
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four scenarios would increase the incentives 
for participation. 

Once the probability distribution for a par- 
ticipant was computed, it was compared to the 
distribution of a nonparticipant using a pro- 
gram written by Meyer to implement his theo- 
retical formulation. The participation distribu- 
tion was compared to the nonparticipation dis- 
tribution for each cf the policy alternatives. In 
addition, Meyer’s program was used to rank 
the probability distributions of net returns for 
nonparticipation versus participation for two 
different farming situations. In one case, the 
sensitivity of the results to the cropping pat- 
tern was examined by parameterizing the 
acreages. The acres of non-set-aside crops 
(cotton and alfalfa) were doubled, and the 
acres of set-aside crops were reduced in a 
proportional way so as to keep total acreage 
constant. The other case assessed the effects 
of farm scale by doubling the acreage of all 
crops. 


Results 


The results of comparing the probability dis- 
tributions of net returns for a nonparticipant 
and a participant are shown in table 3. A “1” 
indicates that nonparticipation is preferred for 
the corresponding utility group. A “0” indi- 
cates that neither distribution dominates. A 
** 1 indicates that participation is preferred. 

The entries in row 1 show the rankings for 
nonparticipation versus participation under 
1979 program features. Within the risk- 
preferring range (utility groups 1—4), nonpar- 
ticipation dominates for all of the groups. 
Within the risk-averse range (groups 5—12), 


Table 3. Stochastic Dominance Rankings 
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the results indicate a mixture of participation 
and nonparticipation, with program participa- 
tion preferred by the more risk-averse groups. 
As table 2 indicates, program participation re- - 
duces the probability of both high and low 
income events such that second degree 
stochastic dominance does not occur. Rows 2 
and 3 of table 3 show that cutting set-asides or 
raising target prices increases the number of 
utility groups preferring participation since 
these changes reduce the probability of low 
income events. In both cases all risk averters 
choose to participate. 

The impact of raising the loan rates, as 
shown in row 4, is surprising. The results indi- 
cate that fewer utility zroups would choose to 
participate. This can be explained by a reex- 
amination of equation (2). Notice that an in- 
crease in the loan rates has two contrasting 
effects on a program participant's net revenue. 
Raising the truncation level of the local market 
price distribution increases the mean of the 
probability distribution of per unit market rev- 
enue, P’;. It also reduces the mean of the 
probability distribution of per unit deficiency 
payments, ТР; — NP,, since the program de- 
fines NP, as the higher of the national average 
market price or national loan rate. The results 
indicate that with the particular price distribu- 
tions used in this analysis, the reduction in 
stochastic deficiency payments outweighs the 
increase in stochastic market revenues result- 
ing from higher loan rates. Again, large and 
small outcomes are truncated by the program. 
In fact, the probability of falling below $85,000 
is 1.0 under the program and only 0.8 with 
nonparticipation. However, raising the loan 
rate increases the likelihood of low incomes 











Nonparticipation versus: 1 2 3 4 5 6 7 8 9 10 11 12 
1. 1979 program features i 1! 1 1 1 1 1 0 -1 -1 -1 -~-i 
2. 5096 cut in set-aside I 1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 
3. Target prices raised 10% 1 0 -1 -1 -1 -1 -i -1';-1 -1 -1 -~l 
4. Loan rates raised 1076 1 1| 1 1 1 i 1 1 1 1 0 -~i 
5. Allocation factor raised 10% 1 1 1 1 1 1 0 -1 -1 -1 ~i -~I 
6. 1979 program features and different 

cropping pattern 1 1 1 0 -1 -1 -1 -1 -1 —1 -1 -I 
7. 1979 program features and 

doubled farm size 1 1 1 1 1 1 0 -1 -1 -1 -1 -1 
Note: А “1I” indicates nanparticipation is preferred and a '' — 1" indicates a preference for program participation. A “0” indicates that 


the group is not unanimcus in its ranking; some would prefer participation while others would not. The rankings are for returns in 


thousands of dollars. 
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when comparing the 1979 program distribution 
with the distribution with an increased Ioan 
rate. 

As noted above, the value of the allocation 
factor was not known in advance by farmers. 
I: was legislated to be between 0.8 and 1.C, so 
the most conservative assumption of 0.8 was 
used in the preceding analysis. Clearly, the 
qualitative effect of raising the allocation fac- 
tor is known à priori: participation becomes 
more attractive. In row 5 the quantitative ef- 
fect of an increase in the allocation factor to 
0.9 is that one additional utility group prefers 
participation. This higher value could reflect a 
legislated change ог more optimistic expezta- 
tions by decision makers. 

Row 6 of table 3 shows the rankings of ron- 
participation versus participation with a dif- 
ferent mix of.crop acreages. The acreages of 
cotton (a program crop with no set-aside re- 
quirement) and alfalfa were doubled, and the 
. acreages of set-aside crops were reduced. 
With the lowez opportunity cost of partic: pa- 
tion from less set-aside, four additional utility 
groups choose participation. 

The effects of farm scale are demonstreted 
in row 7. In this case all acreages were dou- 
bled. In comparison with the smaller farm with 
tke same crop proportions operating under 
1979 program features (row 1), one additicnal 
utility group participates. As earlier, the pro- 
gram serves to reduce low and high inccme 
events. This makes the participation distribu- 
tion function bsgin to the right of the nonpar- 
ticipation function and possess greater slope. 
Because this reduces the evaluation of low 
probability events more than high probability 
events, risk averters find participation more 
attractive for the larger farm. This suggests 
that there may be greater participation incen- 
tives for larger farms. 

To put these results in perspective, it is of 
interest to examine actual participation behav- 
ior. In 1979 the percentage of ASCS California 
acreage enrolled in wheat and feed grains pro- 
grams was 16.0 as compared to a national 
figure of 38.9. (U.S. Department of Agricul- 
ture 1980). The breakdown by crop in Califor- 
nia was 20.7 for wheat, 18.4 for barley, 6.3 for 
ecrn, and 5.2 for sorghum. There was no set- 
aside and no enrollment requirement for cot- 
ton. Clearly, a majority of the California acre- 
age was not enrolled in the programs. This 
data, of course, pertains to a wider variety of 
farm situations than the representative farm 
used in this analysis. Rows 1, 6, and 7 of table 
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2, based on 1979 program features, indicate a 
m xture of participation and nonparticipation 
depending on individual risk attitudes. The 
те:айуе proportion of farmers in the participat- 
inz and nonparticipating groups cannot be de- 
termined, given the small number of individ- 
uzls for whom risk preferences have been eli- 
cited. However, there is nothing in the results 
presented here that contradicts observed be- 
havior. 


Expected Utility and 
Mean-Variance Analysis 


Tke mean, standard deviation, and skewness 
of net returns for the various acreages and 
program alternatives are shown in table 4. As 
сал be seen, it would not be possible to use 
mean-variance efficiency analysis to rank the 
nonparticipation distribution (row 1) relative 
to the participation distribution (row 2) under 
the 1979 program for the representative farm. 
This is because participation would result in a 
lower mean as well as a lower variance. This 
result also holds for the representative farm 
under the higher loan rates and allocation fac- 
tor, and for the larger-scale farm under the 
1979 features. This yields support for the use 
of the more general framework, stochastic 
dominance, in efficiency analysis; i.e., prob- 
ablity distributions that cannot be ranked in a 
mean-variance framework can be ranked by 
stochastic dominance, and the quantitative ef- 
fects of risk aversion can be studied. 

For the other situations shown in table 4, 
program participation reduces the variance of 
returns as well as increases the mean. For 
these situations, if mean-variance analysis 
were conducted (e.g., assuming normality), 
the distributions could be ranked for risk 
averters (groups S—12), but not for risk prefer- 
rers (groups 1-4). 

Skewness values are reported in table 4. In 
every case the net returns’ distributions are 
positively skewed, suggesting that the use of a 
symmetric distribution function, such as a 
normal one, may be inappropriate. Note, 
however, that the skewness measure in some 
cases is not altered greatly by program enroll- 
ment, cf. 1 and 2 of table 4. This is because, 
for some crop configurations, program enroll- 
ment eliminates both high and low returns in 
prcgram crops in a symmetric fashion. 

Although mean-variance efficiency analysis 
carnot be used to rank nonparticipation ver- 
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Table 4. Mean, Standard Deviation, and Skewness of Net Returns 

Standard 
Alternatives Mean Deviation Skewness 
1. Nonparticipation 51,700 26,019 0.234 
2. 1979 program 50,846 20,808 0.220 
3. 50% cut in set-asides 53,845 21,596 0.239 
4. Target prices raised 1096 54,906 n 18,926 0.134 
5. Loan rates raised 10% 50,074 21,464 0.223 
6. Allocation factor raised 10% 51,280 20,486 0.208 
Alternative crop mix 
1. Nonparticipation 66,747 36,948 0.189 
2. 1979 program 69,380 31,958 0.261 
Larger-scale farm 
1. Nonparticipation 107,054 51,979 0.236 
2. 1979 program 104,909 41,564 0.222 





Note: Skewness calculations were computed with the following formula: 





BE 


sus participation under 1979 program features, 
one can still use a Freund utility function 
(which assumes rormality) to calculate the 
breakeven level of risk aversion for participa- 
tion. This would be the degree of risk aversion 
at which a decision maker would be indifferent 
between enrolling or not under an assumption 
of normality of returns. The difference in 
expected utility between participation and 
nonparticipation can be expressed using the 
mean and standard deviation values of table 4. 
The difference set to zero can be solved for the 
breakeven level of risk aversion and compared 
with the more general analysis of table 3. 
Since the alternative crop mix comparison 
involves a relatively large change in skewness, 
it may yield a strik:ng contrast. The breakeven 
based on Freund's function is found to be 
—0.0153; yet the results of table 3 suggest that 
the expected breakeven point is in the interval 
(—0.01, 0). Given the orders of magnitude 
usually thought of for r(x), this represents a 
considerable difference. This serves to caution 
use of mean-variance analysis and indicates 
that crop mixtures may substantively alter the 
family of the distribution of returns and the 
implied indifference point between choices. 


Conclusion 


Using historical data, this analysis shows that 
risk attitudes may affect the participation 
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decision: however, subjective beliefs also are 
important. Subjective probability distributions 
vary widely across farmers. Results from 
analysis based on elicited subjective distribu- 
tions not reported here indicate that participa- 
tion choices are quite sensitive to farmers’ 
expectations; those who are more pessimistic 
about prices and yields are more likely to 
participate. The distribution of participation 
choices among farmers will depend jointly on 
their subjective probabilities and risk at- 
titudes. In this analysis, historical prices and 
yields have been used, because it is hoped that 
even with aggregation errors they represent 
the central tendency of aggregated subjective 
distributions. 

It is always difficult when using the rep- 
resentative farm approach to ascribe the re- 
sults to a wider group; what has been pre- 
sented is not presumed to represent the 
choices of all California or even all Kern 
County farmers. Rather, the intent has been to 
illustrate how changes in program parameters 
can affect program participation decisions, 
given varying attitudes toward risk. For ex- 
ample, increasing the loan rate, ceteris 
paribus, suggests fewer program participants. 

This analysis shows that stochastic domi- 
nance is a useful method for analyzing the 
impacts of policy changes on program choice 
and for aiding-in decision making at the micro 
level. Extension personnel could easily adapt 
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the model to specific farm situations by insert- 
ing relevant crop acreages, cost figures, and 
subjective probabilities on prices and yields 
as a natural generalization of computer- 
budgeting procedures. Given a rough estimate 
of risk preferences (for example, using the 
modified von Neumann-Morgenstern refer- 
ence contract approach, which can be mea- 
sured easily by lotteries on cassette), the 
approach here could delineate the efficient 
choice for an individual. Hence, stochastic 
dominance needs further consideration as a 
practical and inexpensive tool for decision 
making under uncertainty at the farm level. 


[Received July 1979; revision accepted 
August 1980.] 
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Notes 


The Land Grant Colleges and 


the Structure Issue 


Don Paarlberg 


Recent writers have documented the fact that 
American agriculture is becoming indus- 
trialized. The earlier delineation into farm and 
nonfarm sectors is being blurred. Agriculture 
is losing its uniqueness; farmers are entering 
the main stream of economic, social, and polit- 
ical life. The agrarian tradition is in retreat. 
The family farm as an earlier generation knew 
it is rapidly vanishing. Numerous writings 
quantify these trends; for examples, see 
Lewis, Lin, Madden, Miller, Penn, Schertz, 
Senate Committee on Agriculture, University 
of Illinois, and U.S. Congress. 

Some people look at these trends as being, 
on balance, good. Others consider them to be 
bad. Still others think of them as a mixture of 
good and bad. There is a division of opinion as 
to whether the trends are inexorable or 
whether they might be changed by public pol- 
icy. Thus has arisen what has become known 
as “Һе structure issue.” 

The issue was lifted up by what became 
known as the “Нага Tomatoes Report" 
(Hightower). This publication alleged that the 
Land Grant College system had become sub- 
servient to agribusiness concerns. Various ac- 
tivist groups expressed concern about the de- 
portment of the Land Grant Colleges, alleging 
that they showed preference for the large 
farmers. There were also charges with respect 
to environmental concerns, consumer issues, 
and the like. In 1979, Secretary Bergland 
brought matters to a head with a ‘‘dialogue on 
farm structure," a series of public hearings 
throughout the country. 

For the purpose of this article, J. B. Penn’s 
definition of structure is accepted. According 
to Penn, structure involves the following com- 
ponents: organization of resources into farm- 
ing units; size, management, and operation of 
these units; form of business organization, 
whether a sole proprietor or several individ- 
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uals in г partnership or corporation; the de- 
gree of freedom to make business decisions; 
the degree of risk borne by zhe operator; the 
manner in which the firm procures its inputs 
and markets its outputs; the extent of own- 
ership and control of resources that comprise 
the farming unit; the ease of entry into farming 
as an occupation; and the manner of asset 
transfer to succeeding generations. 

The structure issue presen7s the Land Grant 
College system with unsought and difficult 
questions. What has been their role in the 
emergence of these trends? How should they 
position themselves with regard to the current 
and prospective dialogue or. these matters? 

The thesis of this article is that the Land 
Grant Colleges, with their experiment sta- 
tions, their extension services, and their 
classrcom teaching, are operating to a con- 
siderable degree on the basis of two 
assumptions—implicit rather than explicit— 
made many years ago; that these assumptions 
have been called into question by the dialogue 
on structure; and that the Land Grant College 
system will have to reconsider these assump- 
tions and decide whether to defend or revise 
them. 

The two implicit assumptions are: 

(a) that research and edacation are struc- 
turally neutral, and 

(b) that technology is sozially neutral. 

These assumptions of nevtrality are not em- 
braced universally within the Land Grant Col- 
lege system, of course, but they are accepted 
widely enough so that they have contributed 
strongly to rhetoric and policy. The assump- 
tions go back a long way and carry up to 
modern times. Thev are evident in the mood 
and tone of the report submitted by the Com- 
mission on Country Life, a seminal work. 
They are implicit in A JVational Program 
of Research for Agrsculture | (USDA- 
NASULGC) and in Inventory of Agricultural 
Research, FY 1969-70 (USDA 1970). The Ex- 
tension Service reflects these implicit assump- 
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tions. Witness, A People and a Spirit (Col- 
orado State University 1976) and Extension’s 
Commitment to People (Vines and Anderson). 
The Extension Service recently modified 
somewhat its assumption of socizl and struc- 
tural neutrality in its publication Evaluatioa of 
Economic and Social Conseauences of 
Cooperative Extension Programs (USDA 
1980). That the Land Grant Colleges have 
been reluctant to see the structure question 
raised is evidenced by their lack of enthusiasm 
for the nationzl dialogue on this issue. 

The assumptions that the ccnsequences 
flowing from research and education were 
technical and economic rather than structural 
or social had considerable validity—and credi- 
bility—when they were first embraced 100 
years ago. But, as the transformation of azri- 
culture has proceeded, both their relevance 
and their acceptance have eroded. I propose 
to examine eaca of these implied assumptions, 
its validity, and its amenability to change. 


Are Research and Education Structurally 
Neutral? 


The Land Grant Colleges are a product of 
agrarian philosophy, which postulated -he 
family farm as a uniquely valuable institution. 
The original intent was to make the family 
farm more efficient. and thus more profitatle. 
Research and education were the chosen 
means by which to achieve this objective. 
Beyond doubt, the research and educational 
activities of the Land Grant College system 
were instrumental in helping make American 
agriculture the most efficient food producer 
the world has ever seen. In 100 years farmmg 
advanced from its traditional pattern to its 
present highly sophisticated form. The food 
supply increased in volume, improved in vari- 
ety, and diminished in relative cost. Benefts 
were shared among various sectors of the 
society. Earl Heady has said: ‘Тһе United 
States has had the best, the most logical, and 
the most successful program of agricultural 
development anywhere in the world”’ (p. 107). 
That research and education might have the 
long-run effect of helping transform agricul- 
ture into something like an industrial enter- 
prise was not envisioned by those who 
founded the Land Grant College system. But 
this is indeed what happened. Responsibili-y 
for this transformation must be shared, of 
course. Involved were not only publi- 
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supported research and education, but pri- 
vetely supported initiatives of this same kind, 
plis farmer decisions, agribusiness ventures, 
ard government programs of various types. 
As the nature of modern agriculture began 
to emerge, the Land Grant Colleges found 
themselves in a dilemma. What was their posi- 
ticn on structural change? What were they 
trving to do? Were they trying to preserve the 
treditional family farm? Were they trying to 
make agriculture over in accordance with an 
industrial pattern? Public espousal of either of 
these two positions would be dangerous. Pres- 
2rvation of the family farm in anything like its 
original form would mean shutting down most 
of the experimental and educational activity 
and jeopardizing the food supply. On the other 
3aad, frenk endorsement of an industrialized 
agriculture would imperil traditional support. 
So, understandably, the Land Grant College 
system implied that it was structurally neutral. 
In their publications and in their appeals for 
furds, the research and education people 
confined themselves to technical and eco- 
nomic matters. The profound structural and 


.social changes which agriculture was ex- 


periencing were presumed to have other ori- 
gins. The posture was essentially this: The 
business of the Land Grant College system 
was to help farm people improve their meth- 
cds so as to become more efficient, a noncon- 
troversial criterion conveniently endorsed by 
t3e economists. Research and education were 
offered to all who would respond. The mission 
was to improve technology, not to set up and 
pursue some idealized structural design. The 
emphasis was on microeffects; concerns for 
macroeffects were largely adjourned. What- 
eve- structural pattern evolved from this set- 
ting was natural and unintended. In 
Nie:zsche's phrase, it was ‘‘beyond good and 
evil." 

Tais posture had credibility for the better 
part of a century. It served to screen off the 
Land Grant College system from ideological 
coniention and from political battles. It helped 
піссе farmers to accept individual responsi- 
bility for such good and bad experiences as 
ihey encountered. 

Bat evidence has come before us that the 
Lani Grant College system, whatever its in- 
tent has served to speed the trend toward an 
industrialized agriculture. It simply has not 
beer. possible to make such great advances in 
eficency as have occurred without having 
profound effect on the structure of agriculture. 





Paarlberg 


The experiment stations, by conquering poul- 
try disease, made it possible to grow thou- 
sands of -birds in close confinement, thus 
transforming the Eroiler industry. The Exten- 
sion Service, with its advice that a farmer 
should have a business ‘‘big enough to be 
efficient" undoubtedly speeded up farm con- 
solidation and reduced the number of farms. 
In the classroom, emphasis on modern man- 
agement helped put the traditional family farm 
into a state of near-total eclipse. 

Medium and large farm operators have more 
contact with extension programs than do small 
farmers (USDA Jan. 1980, p. viii). What hap- 
pens is this: the research and extension people 
make their offerinzs available to all, cafeteria 
style. The farmers who avail themselves of 
this help are generally the more alert, the more 
innovative, the more aggressive, the more 
politically astute, the socially dominant, the 
better managers of the larger farms. They 
select what is useful to them, in their circum- 
stances. In the next round the research and 
education people. like good cafeteria man- 
agers, supply more of what moved best and 
less of what moved poorly. So, over time and 
without deliberate intent, the offerings are 
tilted toward the bigger, better, wealthier, and 
more innovative farmers. After several such 
rounds, even if the small farmer should come 
to the extension meeting, he would find little 
of value to him. The clientele is self-selected. 
There is no сопѕр:гасу, but the results are not 
greatly different from what they would be if 
there were. Thus, public-supported research 
and education accelerate the trend toward the 
industrialization of the food system and widen 
the income differentials within agriculture. 

Supporters of research and extension con- 
tend that while the big operators are generally 
the early adopters, there is a ''filter-down" 
effect; in time the smaller operators emulate 
the big ones. In earlier years, when agriculture 
was more homogenous, the ‘‘filter-down’’ ef- 
fect no doubt was stronger than it is at present. 
For example, 40% of the hogs are now pro- 
duced by year-round, low labor, capital- 


intensive confinement units selling more than ` 


1,000 hogs annually. Among hog producers, 
they are the chief users of research and exten- 
sion. Practices in use on such farms have lim- 
ited applicability for farmers producing 
smaller numbers of hogs by traditional meth- 
ods on a seasonal basis. 

The side effects of research and education in 
agriculture are now being held up for examina- 
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tion. Most of the activists allege that the side 
effects are on balance adverse, but this has not 
been established. 

In positioning itself with regard to this issue, 
the Land Grant College system faces a choice 
among alternatives: | 

(a) Leave the programs essentially un- 
changed while continuing to imply that re- 
search and education are structurally neutral. 
This is the wish of the larger farmers, who are 
the agricultural elite. But this posture becomes 
increasingly difficult to defend with passing 
time. 

(b) Continue the programs much as they 
are and drop the facade that they are structur- 
ally neutral. Acknowledge that the Land Grant 
College System serves the needs of the better, 
bigger farmers and accelerates the trend to- 
ward an industrialized agriculture. Frankness 
argues for this; political expediency argues 
against it. 

(c) Revise the programs so that they come 
closer to being structurally neutral, as is pro- 
fessed. Modify agricultural research, exten- 
sion, and classroom teaching so as better to 
serve the needs of small, moderate-sized and 
part-time farmers. This appears to be the ob- 
jective of those who raise the structure issue. 
But it is hard to do and is offensive to the 
agricultural elite. 

(d) Some combination of the above. 

One can readily sympathize with the Land 
Grant Colleges in having their facade of struc- 
tural neutrality stripped away and being forced 
into so difficult a choice. 

With a growing share of agricultural re- 
search and education now being provided pri- 
vately or through nontraditional institutions, 
and with the trends toward industrialized ag- 
riculture having built up such great momen- 
tum, the choice among the alternatives may 
have more relevance to the structure of the 
Land Grant College system than to the struc- 
ture of agriculture. 


Is Technology Socially Neutral? 


The Land Grant Colleges convey the inference 
that they are not only neutral with respect to 
the structure of agriculture; they also think of 
themselves as socially neutral. That is, they 
generally profess to be impartial in their ser- 
vice to various groups of farmers and they like 
to think that their activities do not basi- 
cally alter the established relationships among 
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different individuals or groups in the soci- 
ety. They are staffed by scientists and 
technologists who work on improved methods 
of producing, processing, transporting, and 
merchandising food and fiber. The starfers 
contend that the primary result of their wo-k is 
to improve efficiency without altering pre vail- 
ing social or political patterns. Their gra»hic 
model of the relationship of advances in ag- 
riculture efficiency to the general benefit o the 
public is a line that is positive, linear, and 
steep. An efficiency gain is good, a larger zain 
is better, and the greatest gain that could be 
achieved would result in the greatest possible 
public benefit. In the conceptual models, so- 
cial and political consequences of technclog- 
ical advance are impounded in ‘‘other things 
equal,” or are labeled ‘‘side effects’* and ‘‘ex- 
ternalities.’’ Sometimes, of course, the con- 
ceptual model of social sterility is set aside to 
accept credit for a social development deemed 
worthy like the improved status for farm 
people, which undoubtedly has resulted f-om 
educational services provided by the system. 
But rarely is responsibility ackncwledged for 
social developments that have a bad connota- 
tion. This straddle involves some difficulties, 
like taking credit for the hog but not the smell. 

The assumption—implied rather than ex- 
plicit—that technology is socially neutral has 
permitted the Land Grant College sys:em 
to concentrate on its intended purpose, tech- 
nological change. The socially el:te have not 
felt threatened and the politically powerful 
have felt secure. Having thus reassured the 
establishment, the Land Grant College system 
was free to do its work with a minimum of 
harrassment. 

But the evidence being lifted up by the 
dialogue on structure is that technology is not 
neutral. The modernization of cotton procuc- 
tion in the South, in large part a result of work 
done by the Land Grant Colleges, displazed 
millions of people. Many of these people mi- 
grated to Chicago, Detroit, Cleveland, Wesh- 
ington, and New York, to a culture they un- 
derstood poorly, in search of jobs for which 
tkey were not prepared. At least in the stort 
run this was a difficult transition. Perhaps in 
the long run it will prove advantageous. This 
‘side-effect, whether on balance good or 
bad, exceeded in significance the cost- 
lowering achievement of the research and 
education on cotton production, in my view. 

The voluntary nature of the research and edu- 
cational system resulted in nonservice to those 
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who lacked the sophistication, the social 
statis, and the political clout to obtain such 
service. The cost-lowering production-in- 
creasing practices adopted by the innovators 
reduced prices of farm products and put 
pressure on those who for various reasons 
could not or would not, or in any case did not, 
employ the new techniques. Many of these 
people and their children left agriculture. Un- 
deniably, this had social consequences. 

When the Land Grant College system was 
set up in 1862, 59% of our people were on 
farms. In part as a result of research and edu- 
cation supplied by the system, farms were en- 
larged and reduced in number, so that farmers 
now constitute less than 496 of the population. 
T. W. Schultz puts the actual outmigration 
from American farms during the years be- 
tween 1930 and 1974 at 33 million people, the 
largest migration of modern times. One can 
argue at length as to whether so massive a 
change is good or bad. But it is not possible to 
argue convincingly that transformation from 
an agrarian to an industrial society is socially 
neutral. 

Research has shown that the modernization 
of agriculture can have adverse effects on the 
social structure of rural towns and villages 
(Community Services Task Force Report). 
Other research has shown the pervasive social 
benefits of efficient food production (Heady). 

The graphic model that describes the rela- 
tionship of agricultural efficiency to the benefit 
of the public may not be positive, linear, and 
steep, as the Land Grant Colleges generally 
assume it to be. Instead, it may be a curve, 
reaching its apogee at some point short of im- 
posing intolerable stress on the social fabric. 
Beyond that optimum point the curve may 
turn down, and if the pursuit of efficiency is 
carred too far, it may become negative. 
**Side-effects'"" may break out of the stockade 
within which assumption has sought to im- 
pound them. This is the model of the 
sociologist, the anthropologist, and the politi- 
cal scientist. These people are almost without 
representation in the Land Grant College sys- 
tem. 

Whether there is such a curve and, if so, 
where we are on it are debatable subjects. But 
the assumption that technology is socially neu- 
tral is increasingly hard to defend. Who will 
deny that farm people were elevated socially 
when, through the Land Grant College sys- 
tem, their opportunities were increased? Who 
will contend that the outmigration from ag- 
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riculture of 33 million people was without so- 
cial significance? | 

The most vivid examples of the nonneutral- 
ity of agricultural research and education, so- 
cially speaking, are to be found in overseas 
developmental programs. The surge of rural 
populations to the great cities, in part the re- 
sult of agricultural development, is perhaps 
the most persuasive evidence that agricultural 
technology has social consequences. Agricul- 
tural development, based on research and 
education, is one of the most potent of social 
transformers. Whether the transformation is 
for good or evil depends on its components, its 
magnitude, its speed, its duration, and the 
manner in which it is perceived. 

The alternatives facing the Land Grant Col- 
lege system regarding the social consequences 
of its programs are similar to those related to 
farm structure: (a) continue to imply that 
technology is socially neutral; (6) continue 
the existing programs and frankly acknowl- 
edge that they have social consequences, good 
and bad; (c) modify the existing programs, 
taking into account their social consequences; 
or (d) a mixture of the three. 

The third alternative would involve changes 
in research. Some of the variables would be 
shifted from exogenous to endogenous form. 
Some  "externalities" and ‘‘side-effects’’ 
would be moved into the model. Macro as 
well as micro forces would be taken into ac- 
count. Some sociologists might be employed. 
We are beginning to do this for our overseas 
agricultural development programs, but have 
some difficulties in bringing ourselves to it for 
our own country. 

Changes in the extension program also 
would occur. The present tilt in favor of the 
larger farms and high technology would be 
reduced. In a voluntary program, lacking cen- 
tral direction, it probably cannot be elimi- 
nated. Favorable social consequences of re- 
search and extension would be documented, 
and work would be expanded in these areas. 
Some resources would be directed to alleviat- 
ing the adverse side effects of certain research 
and educational programs. 

This would all be difficult. It would involve 
discarding the defensive armor that has, for 
100 years, kept the Land Grant College system 
reasonably well-insulated from social and 
political strife. It would involve modifying the 
assumption that efficiency, in a micro sense, 
should be the decisive if not the sole criterion 
for agricultural change. 
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But the defensive armor is losing its effec- 
tiveness. The old postulates can no longer be 
insulated from those who question them. 
There may be no real alternative to revising 
the assumptions. If this is done, quite possibly 
the Land Grant Colleges would come, in time, 
to be pleased with the result. On the basis of 
newer and broader criteria, their programs 
might improve, and balanced public assess- 
ment of their net structural and social effect 
might well turn out to be positive. The Land 
Grant Colleges may have less to fear than they 
imagine. 


[Received June 1980; revision accepted 
September 1980.] 
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Composite Forecasting: An Application 


with U.S. Hog Prices 


Jon A. Brandt and David A. Bessler 


Producers, processors, and distributors of agricul- 
tural commodities make decisions in a risky envi- 
ronment. Uncertain production and relatively low 
price elasticities of cemand provide the setting for 
rather large fluctuations in commodity prices. Sen- 
sible decision making thus requires information 
about the likelihood of many alternative outcomes. 
Such information can be obtained from both private 
and public sources through price forecasts. 

Decision makers often have several forecasts on 
which to base their plans. They realize that alterna- 
tive forecasting systems rarely give the same fore- 
cast. When faced with alternative forecasts of the 
same event, it is quite typical to attempt to discover 
which forecast is best. For example, Leuthold et al. 
considered alternative approaches to forecasting 
daily hog prices—time-series [autoregressive inte- 
grated moving averege (ARIMA)] and econometric 
models. They concluded that the econometric 
model did slightly better than the ARIMA model 
over the evaluation period. At first glance, one 
might conclude that it is better to use the economet- 
ric model and refrain from using the ARIMA model. 
However, further study probably would reveal that 
each set of forecasts contains useful information 
which the other dozs not possess. 

Indeed, this is the case illustrated in a study by 
Bates and Granger, where they considered two al- 
ternative models for forecasting monthly airline 
passenger mileage. While one of the models showed 
an overall superiority, their combined forecasts 
outperformed both individual forecasts. In fact, for 
an optimal combination of individual forecasts, it 
can be demonstrated that the combined forecasts 
will have an error variance not greater than the 
smallest error variance of the individual forecasts. 
Additional theoretical and empirical analysis by 
Johnson and Rausser, Granger and Newbold, and 
others have confirmed and extended the early ef- 
forts of Bates and Granger. 


Forecasting Techniques 


The justification fcr and empirical accuracy of sev- 
eral composite forecasting techniques based on the 
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individual forecasts of econometric, ARIMA, and 
expert opinion methods are examined in this study. 
This will be accomplished, in part, by empirically 
evaluating the quarterly U.S. price forecasts for 
hogs through selected measures of performance. 
From these evaluations, forecasters and forecast 
users should have a clezrer understanding of some 
of the advantages and limitations of individual and 
composite model forecasting. 


Individual Models 


Our objective was to develop an econometric price 
forecasting model for hogs which was relatively 
accurate and simple to understand, use, and up- 
date.! Consequently, a single-equation reduced- 
form model was formulated which included lagged 
supply and demand variables (with the exception of 
current income) that explained (predicted) move- 
ments in prices.? The following equation was esti- 
mated using ordinary least squares regression over 
the sixty-quarter period from 1961 through 1975: 


(1) PH, = —172.5056 — 8.5038SF, , 
(11.14) 
— 3.87075 F, 4 — 3.9388CS, , 
(5.21) (4.99) 
— 42.6470HTCH, ., + 47.5997nY, 
(5.71) (16.76) ` 
— 44.7532РКЅТ,_1, 
(7.30) 


where R? = .93, D.W. = 1.79, PH is the quarterly 
weighted farm price of hogs, SF is the number of 
sows farrowing quarterly in fourteen states (mil- 
lions), CS is U.S. commercial cattle slaughter (bil- 
lion pounds), HTCH is quarterly broiler-type poul- 





tion used for this study, John Ikerd, and an anonymous reviewer 
for suggestions on an earlier draft of this article. 

! Crowder and Cromarty and Myers have argued that a sig- 
nificant gap exists between the theoretical group of model builders 
and the user group who seek simplicity and judgment in solving 
problems. Chen, however, has suggested that this gap has been 
narrowing. In this analysis, simplicity and theoretical soundness 
were concurrent goals. 

2 Econometric models often have used current endogenous and 
current exogenous variables as regressands. This suggests that the 
forecaster must also generate predictions for the explanatory as 
well as the dependent variable. Such a procedure is likely to 
compound the forecasting errors. However, because income has 
been trending upward rather steadily, it was felt that little error 
would result in projecting its movement. 
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try eggs hatched (billion eggs), InY is the natural 
logarithm of quarterly disposable income (bilion 
dollars), PKST is pork cold (and cured) storage at 
the end of the quarter (billion pounds), and : re- 
flects the quarterly period of observation. The 
figures in parentheses are the t-values of the 
coefficients. It appears that the single-equation 
model has performed reasonably well in explaining 
price movements. All coefficients are more fhan 
twice their standard errors. These coefficients vere 
used to make the initial forecast for the first quarter 
of 1976 (7601).3 

As an alternative to the structural econometric 
model, forecasts are possible by specifying prices 
as autoregressive integrated-moving-average (ARI- 
MA) processes. Box and Jenkins suggest a th-ee- 
step procedure for identifying the class of ARIMA 
models, estimating the parameter values of the icen- 
tified model, and checking the appropriateness of 
the estimated model. 

The identification procedures involve the com- 
parisons of estimated autocorrelations and partial 
autocorrelations of the series of interest with the 
theoretical autocorrelation and partial autocorrela- 
ticn functions of known ARIMA processes. Given a 
class of ARIMA models from the first stage, their 
parameter values can be estimated from the histori- 
cal series using nonlinear least squares. Finally, the 
identified and estimated model can be checked by 
studying the behavior of the residuals. 

These procedures were applied to the quarterly 
hog price series, resulting in the following ARIMA 
model: 


Q) 


where B is the lag operator (B/PH, = PH,_;) and e, is 
a white-noise random disturbance. The chi-squared 
sta-istic associated with the estimated residuals of 
this model is well under the critical value at the £% 
level of significance, which does not lead us to 
suspect the adequacy of the estimated model. 

Another alternative to the quantitative models 
suggested above is expert opinion prediction. Uni- 
versities, the U.S. Department of Agriculture, p-i- 
vate forecasting firms, and others routinely gener- 
ate forecasts. These are usually short-run in nature 
and are based on an understanding of the indust-y 
stricture, seasonal production and consumption 
patterns, and international events that affect the 
commodity. In many respects, the forecasts of ex- 
perts are like those of econometric or ARIMA 
mocel forecasts in that they incorporate informa- 
tion from similar data sources. Expert opinions, 
however, are less restrictive because the weigh-s 
assigned to different bits of information can te 
changed with relative ease. 


(1 — B)PH, = (1 — .44B5)e,, 


3 The model was designed to allow for continuous update. Thus, 
new coefficients were estimated each quarter as new data became 
available. The magnitudes of these coefficients did not vary much 
from quarter to quarter, however. 
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Composiie Models 


Following Bates and Granger, one can recognize 
that most forecasts contain some information which 
is independent of that contained in other forecasts. 
TF us, a combination of forecasts will, quite often, 
outperform any of the individual forecasts. For 
convenience, the discussion here is limited to un- 
bizsed forecasts. Detecting and combining biased 
forecasts is discussed in another paper by the au- 
thers. 

Three approaches used to combine the forecasts 
of :he individual models described above are sum- 
marized here. (See Bessler and Brandt for more 
detailed development of these methods.) These in- 
volve different methods for choosing the weights 
assigned to each individual forecast. Two of the 
me:hods require an historical record of perfor- 
mance by the forecasting models. The first is a 
we-ghting scheme based on the sixty-quarter histor- 
ical forecast period prior to 7601. The approach 
assumes the performance of each individual fore- 
cas: method is consistent over the forecast period. 
Combining the forecasts. of two methods results in 
the following weights: 


3s 
9» 12010? 
c) + oy — 2p5010s 


(3) a = 


а= l — a, 


where a; is the weight assigned to forecast method i, 
с? 5 the forecast error variance associated with 
meta3od i, and py is the correlation coefficient be- 
tween the errors of forecasts i and j. This weighting 
scheme minimizes the variance of the forecast er- 
rors over the sixty-quarter historical period. 

A second method involves an adaptive weighting 
scheme which allows the weights to adapt or 
charge from period to period. It is based on the 
assumption thet forecasting models may not have 
constant performance over time. Thus, weights can 
be constructed which reflect recent forecast errors 
more strongly than distant ones. The following ex- 
pression can be used to determine weights for two 
forecast methods: 


T 


ex 
(4) ipei = m 
сть ё + x 


Gore. = 1 — duras 


where аут: is the weight assigned to forecast 
method 1 in period T + 1, e; is the error made by 
forecast method i in period 1, v is the choice vari- 
able which represents the number of periods in- 
cluded in the adaptive weighting procedure, and T 
is the total number of periods for which a history of 
forecast errors is available. Thus, only the errors 
for the last v periods are considered when assigning 
weights. 

A hird, rather simple, method for combining 
forecasts is simple averaging. Often, a user has 
several forecasts available but does not have a his- 
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tory of performance on each. Rather than arbitrar- 
ily basing decisions on one particular forecast, the 
user can combine all forecasts by averaging. This 
gives each forecast equal weight and involves rela- 
tively low calculation costs. 


Forecast Results and Performance Evaluation 
Individual Model Forecasts 


Hog price forecasts were generated by each of the 
three individual methods over the fourteen-quarter 
period 7601 through 7902. These forecasts (and 
their associated mean-squared errors) presented in 
columns 2, 3, and 4 of table 1 can be compared with 
the actual prices in column 1. While this is not a 
long period over which to evaluate the performance 
of the forecasting techniques, it does serve as a 
starting point from which further updating and 
evaluation can be performed as new observations 
become available. In addition, these fourteen pe- 
riods do provide a sufficient sample over which to 
generate composite forecasts. 

The mean-squared error results suggest that 
among the individual methods, the ARIMA model 
performed substantially better than either the 
econometric or the expert opinion. In each of these 
latter two methods, a single, poor forecast (in 7604 
for econometric апа 7801 for expert opinion) sharp- 
ly increased the mean-squared error statistics. 

Table 2 indicates the accuracy of the models in 
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tracking the movements of actual prices from pe- 
riod to period by cross-comparing the predictions of 
the forecast models with actual observations. If 
prices increased one period, then decreased the 
next, a change in the direction would be observed. 
Price increases two periods in a row suggest no 
change in direction. If an actual change were cor- 
rectly forecast, the upper left-hand element in each 
2 x 2 matrix would be increased. Similarly, if no 
change were predicted and observed, the lower 
right-hand element would be incremented. High 
numbers in these diagonal elements are indicative 
of high performance by the models. High off-diago- 
nal numbers are indicative of poor performance. 

The econometric model did a poor job in tracking 
the hog price series. In eight of the periods, the 
model predicted a change in the direction of the 
series when, in fact, none occurred. In only four of 
the periods did the econometric model correctly 
predict a change in the series. For the ARIMA and 
expert-opinion models, the tracking performances 
for the hog price series were considerably better. 
Both models accurately tracked the price move- 
ments in more than half of the quarters. 


Composite Model Forecasts 


Three methods of combining the forecasts of the 
individual econometric, ARIMA, and expert-opin- 
ion techniques are analyzed in this section. One 
approach incorporates the adaptive process [equa- 
tion (4)] whereby the weights assigned to each 

















Table 1. Hog Price Forecasts from Individual and Composite Methods ($/Cwt.) 
Individual Composite 
: Actual Eccno- Expert Two-Period Minimum Simple Simple 
Period Prices? metric ARIMA Opinion? Adaptive? Variance? Average? Average? 
(1) (2 (3) (4) (5) (6) (7) (8) 

7601 47.90 48.55 48.54 47.00 48.55 48.54 48.55 48.03 
7602 49.15 46.64 49.05 48.50 46.82 48.55 47.84 48.06 
7603 43.53 47.76 46.81 45.00 46.86 47.00 47.28 46.52 
7604 34.16 43.71 39.12 35.00 40.53 40.06 41.41 39.28 
7701 38.96 45.32 35.27 35.00 37.73 : 37.34 40.30 38.53 
7702 40.76 44.82 39.24 32.50 40.50 40.39 42.03 38.35 
7703 43.67 45.00 40.72 44.00 41.65 41.60 42.86 43.24 
7704 41.30 47.84 45.12 37.50 46.14 45.68 46.48 43.49 
7801 47.43 47.73 43.49 36.00 44.95 44.37 45.61 42.41 
7802 47.85 48.01 45.80 42.00 46.71 46.25 46.90 45.27 
7803 48.59 46.78 47.18 51.00 46.78 47.10 46.98 48.32 
7804 50.03 52.08 47.28 45.00 50.42 48.27 49.68 48.12 
7901 $1.79 49.69 51.72 51.00 50.58 51.30 50.71 50.80 
7902 43.07 51.01 50.05 48.00 50.50 50.25 50.53 49.69 
Mean Squared Error 20.88 10.93 23.10 11.01 10.21 11.67 8.97 











Source: Actual prices—USDA Livestock and Meat Statistics and Agricultural Outlook. 
a Average of three monthly prices of barrows and gilts at seven combined markets, weighted by the monthly U.S. commercial hog 


slaughter. 


> Expert opinion forecasts are based on monthly predictions by the Department of Agricultural Economics Marketing Guides Commit- 
tee, Purdue University. See Bessler and Brandt for details regarding these forecasts. 


* Composite of econometric and ARIMA methods. 


* Composite of econometric, ARIMA, and expert-opinion methods. 
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Table 2. Turning Point Measures for Evaluating Individual and Composite Model Forecasts 














Movements Irdividual Models 
Econometric ARIMA Expert Opinion 
С NC Cc NC C NC 
Actual C 4 2 4 2 4 2 
NC 8 0 3 5 4 4 
Ccmposite Models? 
Two-period Minimum Simple Simple 
Adaptive? Variance! Average? Average? 
C NC C NC C NC C NC 
Actual C 3 2 3 2 2 3 3 2 
Р NC 3 4 2 3 3 4 4 3 











Note: The measures indicate a change (C) or no change (NC) in the direction of the price movement, i.e., a prediction of turning points. 
Higher performance is associated with larger numbers on the.positive diagona: of each 2 х 2 matrix. 


? Because only fourteen expert-opinion forecasts were avaiable, 


5 Composite of econometric and ARIMA methods. 


only twelve 5etween-period comparisons were possible. 


© Composite of econometric, ARIMA, and expert-opinion methods. 


model vary over time, depending on the accuracy of 
the model over previous periods. * The second 
method combines forecasts based on a minimum 
variance criterion [equation (3)]. The third method 
averages the forecasts of the methods for each pe- 
ricd (equal weight to each model). 

The composite results based on the three meth- 
ods of combining the forecasts of the individual 
techniques over the fourteen-quarter period, 7601— 
7902, are also presented in table 1. The adaptive 
(column 5) and minimum variance (column 6) pro- 
cesses used in weighting the forecasts require a 
history of predictions. Expert opinion forecasts 
prior to the 7601—7902 period were not availatle. 
Therefore, the adaptive and the minimum variar.ce 
forecasts are a composite of only the econometric 
and ARIMA models. For comparison purposes, 
simple-average forecasts of these two methods are 
presented in column 7. Finally, composite forecasts 
using a simple average of all three techniques 
(econometric, ARIMA, and expert-opinion) ere 
prcvided in column 8. 

The adaptive-process forecasts are those which 
resulted in the minimum mean-squared error [For 
у —1,2,..., 60 in equation (4)]. Combining the 
predictions of the econometric and ARIMA models 
of the two prior periods (i.e., v — 2) to determine the 
weights for the current forecast period generated 
the smallest mean-squared error of the sixty pro- 
cesses analyzed. The weights associated with tie 
price forecasts from the adaptive process reflect 
this short error history. The actual weights assigned 
by the process to the econometric forecasts ranze 
from a high of .98 to a low of .01. [In examining tvo 
other livestock commodities in the study, the au- 


* The smallest number of observations (i.e., previous forecasts) 
used to generate weights was one; tke largest number was sixty. In 
all cases, as a period was added, the most distant period was 
deleted. 


thors foand a similar range of weights for the 
econcmezric method for cattle price forecasting, 
based on only a single prior period’s errors (v = 1). 
In contrast, a more stable behavior of adaptive 
weights was noted in forecasting broiler prices, 
where an error history of nine periods generated the 
lowest mean-squared error (Bessler and Brandt).] 
A comparison of the composite forecasts with 
those ёго т: the individual forecasting methods sug- 
gests tha: the MSE's from the three-method sim- 
ple-averaze and the minimum variance method are 
slightly lower than the ARIMA MSE (table 1). 
Each meen-squared error of the composite forecast- 
ing methods is considerably lower than that of 
either the econometric or the expert opinion 
method. “rom the theoretical concepts supporting 
the composite forecasting approach, it would be 
expected that if two (or more) forecasting tech- 
niques wre based on different information, the 
quality (MISE) of the forecast should be improved 
by combiaing them. The MSE performance crite- 
rion is consistent with this hypothesis. 
Table Z illustrates the ability of the composite 
forecasts -o track the actual price movements. The 
composite forecasts accurately predicted the direc- 
tion of the price movements in at least half of the 
periods. The results in table 2 suggest that the com- 
posite methods perform about the same as the indi- 
vidual methods for tracking price movements. 
Perhaps the most significant argument that could 
be made for considering composite forecasts is that 
none of :he composite forecasts performed as 
poorly as the worst of the individual techniques. 
This is particularly important to the user who has 
several sources of forecasts available to him. If the 
user has reason to believe that each is based on 
sound information and has no prior knowledge con- 
cerning its performance, he might select any of the 
three techaiques and base his production and mar- 
keting plans on the forecasts of that particular 
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method. Consequently, the user might accept un- 
usually high risk if he based his plans on an inferior 
forecasting technique. The composite forecasts do 
not exhibit this same pattern. The mean-squared 
error of the best composite method (simple average 
of all methods) is only 86% of the mean-squared 
error of the best individual method (ARIMA). The 
MSE is the poorest of the composite methods (sim- 
ple average of econometric and ARIMA models) is 
50% of the MSE of the poorest individual method 
(expert opinion). Furthermore, if one does not 
know which set of forecasts to use based on a priori 
information, the riskiness of a large mistake is re- 
duced by selecting the composite set. 

Closer inspection of table 1 indicates that the 
mean-squared errors from the somewhat more 
sophisticated composite weighting schemes (adap- 
tive and minimum variance) are lower than that of 
the simple average composite of the econometric 
and ARIMA models. This example shows that if a 
history of forecast performance of the models is 
available, the incorporation of this information 
through the weighting procedure can result in 
greater accuracy of the composite forecasts. How- 
ever, note that as additional information is added to 
the set (in the form of expert opinions), the mean- 
squared error is reduced further (column 8). 


Implications: Forecast Users 


The analysis performed in this article has several 
implications to users of price forecasts. (a) Fore- 
casts taken strictly from individual models are not 
likely to provide the user with the most accurate 
information for decision making. It was shown that 
large errors are likely in each of these models. (b) 
Even if the user has no prior performance record of 
the forecasting models, he might be advised to 
combine the forecasts from alternative models in a 
simple fashion (such as averaging) to remove the 
likelihood of making large mistakes based on the 
forecasts of a single model. (c) If prior forecasting 
performances of the models are available, the user 
could weight future forecasts of the alternative 
methods based on this past record. He will want to 
pay close attention to the relative performance of 
each model. Elsewhere the authors show that in- 
corporating the prior performance of the individual 
model’s forecasts, either through the minimum 
variance or adaptive process weighting schemes, 
results in lower mean-squared errors than those 
from simple averaging of price forecasts. A word of 
caution is suggested for users, however. Forecasts 
in this study were for a rather short period (fourteen 
quarters). 


Forecasters 


The results of the performance evaluation suggest 
that forecasters should seriously consider using 
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composite forecasting techniques. The idea that al- 
ternative forecasting methods use a variety of dif- 
ferent information sources and means for assimilat- - 
ing the information and generating forecasting is 
theoretically appealing. Empirically, the results of 
this study agree with those of earlier researchers 
confirming the usefulness of composite forecasting. 
It might be beneficial to both users and other 
forecasters to know if the forecasts available from 
various sources are composites or based on a single 
method. 

Forecasting models must be evaluated in order 
for both the forecaster and the user to have 
confidence in the forecast. Alternative performance 
criteria were used to measure the performance of 
individual and composite models for forecasting 
hog prices over a fourteen-quarter period. The re- 
sults of these measures might be compared with the 
accuracy of other forecasts made by other groups. 
The work reported in this note provides additional 
empirical evidence on composite forecasting— 
evidence which should be set alongside that of ear- 
lier studies (and those which may follow) to evalu- 
ate the usefulness of composite forecasting with 
empirical data. 


[Received February 1980; revision accepted May 
1980.] 
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On Variances of Conditional Linear Least-Squares 
Search Parameter Estimates 


Edmund A. Estes, Leroy L. Blakeslee, and Ron C. Mittelhammer - 


Among the class of models that are nonlinear in the 
parameters, some lend themselves to a simple esti- 
mation method reqviring repeated application of 
linear least squares. However, there is confusion 
over methods for computing standard errors of such 
estimates. 

In this paper we cefine a simple method for es- 
timating parameters of certain nonlinear models 
and clarify the interpretation of results. This 
method is based on conditional linear least squares. 
It has been used by Just (1974a,b, 1977) to estimate 
a generalized adaptive-expectations supply model. 
We show that a method commonly used to estimate 
asymptotic standard errors of such parameter esti- 
mates systematically overstates precision. Factors 
that affect the degree of overstatement are, de- 
lineated. A method of calculating correct precision 
measures is contrasted empirically with the incor- 
rect procedure. 


Conditional Linear Least Squares 


A wide range of stochastic models used in applied 
research can be written in the form 


(1) Y, = F(Xa, Хо, - ~~» Хе; B) + U.. 


It is assumed that the disturbances in (1) are inde- 
pendently and identically distributed normal ran- 
dom variables, and, under this assumption, non- 
linear squares and maximum likelihood procedures 


applied to estimate В in (1) are equivalent. Note © 


that the natural logarithm of the likelihood function 
associated with (1) takes the form 


n 


n 
5 In 27r — = In o? 


(2) In L(B, о) = 


1 n 
= 5 LY, — F(Xn,..-, Xa; B, 
жї 


so that for any о? > 0, In L is maximized when £ is 
chosen to minimize the residual sum of squares, 
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pi [Xt — Е(Ха, E 


t1 


o Хе; B)P. 


In practice the maximum likelihood estimator 8 
can be found either by solving a set of nonlinear 
normal equations or by using a search algorithm. In 
certain important applications the function F will 
have a form so that conditional on values of p « m 
of the m parameters in the B vector, and on the X’s, 
the function is linear in the remaining parameters. 

Notable examples of models that have this prop- 
erty include the model that results from a Box-Cox 
power transformation of explanatory variables as 


(3) Y, = By + В(Х* — D/A +... 
+ Вк(Хк^ — 1)/А + U,. 


Note that (3) is linear in its parameters, given А = 
Bk+ı- The constant elasticity of likelihood: (CES) 
production function, equation (4), is a second ex- 
ample. 


(4 Ү, = BBK” + (1 — Bi) Lra Fe, 


After logarithmic transformation it is linear in £, 
and In В, if В, and f£ are given. Just's (1974a,b, 
1977) generalized adaptive expectations model is a 
third example. In its basic form, it can be written as 


(5) Y, = Bo + BP, (B5) + BV (Ba) + щш, 


where Р,_,(83) = Вз X (1 — Bs)'Pri1, and 
1=0 


© 


У,—1°(8з) = Bs bx (1 — By' [Pii — Pact s). 
i=0 

The variable Y, above is acreage harvested in 
year t, P, is price received for the crop in year t, and 
Pf(B,) and У,(83) are the mean and variance, re- 
spectively, of the subjective distribution of year 
f + 1 prices as perceived in year г. A consistent 
finite approximation to (5) is defined as f 


(6) Ү, = Bo + BiLP* (83) + P**, (8)] 
* Pol V*,_1(Bs) + V**,_,(Bs)] + €, 


1—t5—1 


P*, (B3) — Bs yy a- B3) Pica, 


i=0 


where 


P**, (B5) is a finite consistent estimator of 


ec 


P**, (Ba) = Bs > (1 — BP, 


izt-ty 
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V*ra(B3) = Bs > (1 - Вз) [Picea i P, Les) P, 


i-0 


and V**,_,(8,) is a finite consistent estimator of 


V**, (85) = Bs » (1 — B [Pii — Pei- (S) P. 


inttty 


Given fj, equation (6) in linear in f, Bı, and Bp. 
Additional detai_s are given in Just (1374a,b, 1977) 
and Estes. 

In each of the above examples, the likelihood 
function can be ‘‘concentrated’’ on p < m param- 
eters. Let B be partitioned as (f’,,, B',)', and as- 
sume the entries in 8 have been ordered so that 


0) F(X -s Ха; Bm-p| Bp) = X(8)Bm-»- 


Here, X(6,) denotes the fact that the 2 х (m — p) 
matrix of explanatory variables premultiplying the 
(m — p) X 1 vector Bm-p is a function of th» p 
parameters in the column vector 8,. Then given £p, 
the logarithm of the likelihood function can be writ- 
ten as 


(87 In L(Bm-p elf) = — In 2n - In o? 


1 ae 
992 (Y E X (Bp) Bm—») (Y Xi Bp)Bm-p). 


It is clear that the maximum likelihood estima:es 
(MLE) of Bm-p and o*, conditional on 3,, are stan- 
dard linear least squares estimates, nemely 


(9) Bm-»(Bp) = `Х(В„)'Х(В„)]1Х(В„)'Ү, and 
(10) 6*(8,) = — LY ~ Х(В,)»-.(8))1 


[Y — X(Bp)Bm-»(B,1.- 


Substituting (9) and (10) into (8) yields the concen- 
trated likelihood function, equation (11). 


(1) In L*(8,) = тап ЇВм-›› 948) 


=- 5 (ln 2a + D- 5. пд). 


The logarithm of the concentrated likelihood furc- 
tion is equal to the logarithm of the original likeli- 
hood function partially maximized with respect 
to Bm- and c?. Therefore In L(B, 7?) can be 
maximized by caoosing the vector, 8,, which 
mirimizes 6° (8,). Then the MLE for Bm-p is 
Bm-v(Bp), and the MLE for o? is ó*(B,). 

Ep is small, sey < 3, and if B, can be a priori 
restricted to a small subspace of КР, then a search 
algorithm based on linear least squares is suggested 
by the results (7) through (11). Linear least squares 
estimates B,,,(8,) and ó2(B,) defined in (9) amd 
(10° are calculated for values of B, that have been 
chosen to cover the relevant values with a degree of 
accuracy chosen by the researcher. That value 3, 
that yields the smallest 02(8,) is the maximum 
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likelihood estimator of В, in the nonlinear model 
(1). The B vector is composed of ё, and the corre- 
sponding linear least squares estimate Bm-p(Bp) as 
B = (8,-,(2,)18')'. The values of B, can be 
simply specified on a grid, or if В, contains only a 
single element, the values may be chosen in a more 
efficient manner, say through a Fibonacci search. 
The linear least squares search algorithm above is 
recommended by Dhrymes in his work on distrib- 
uted lags, and is the one used by Just (1974a,b) in 
his empirical work. 

The asymptotic covariance matrix for the above 
parameter estimates may be estimated by the in- 
verse of the information matrix, i.e., —[E(d? 
inL/8B9f')]^', which for models of type (1) can be 
consistently estimated in the following form:! 


; А = ag ӘР, [дҮ,\']-: 
(12) asy “cov B = e Sci (25) ; 

2 ag \ ap 
Here, the derivatives are evaluated at the M.L. 
estimated point 8 = 8. For models that are condi- 
tionally linear of the type (7), (12) further special- 
izes to 


(13) asy'cov (B) = é*(8,) 
XX) XB)! S| 
ЖО ктү IUE 
(ж, «BN Ge) Se 
L aag [Mi LM assa Ril Re 
= & (Bp) Fara ж 5°(В,) Es a 


where 3Y/ðß, is evaluated at the point B. 

Rather than use the inverse of the information 
matrix, it is tempting to continue the analogy with 
linear least squares and consider the estimated 
covariance matrix routinely produced by least 
squares procedures once 8, has been determined, 
i.e., 


(14) côv [8,-,(08,)1 = 6°(В)[Х(Вь)'Х(В„)]г\, 


as a measure of dispersion for the estimates 
Bm-p(Bp). In recent work, Just (1977) indicates that 
the inverse of the information matrix provides 
proper estimates of asymptotic variances of esti- 
mated coefficients; but in his empirical supply anal- 
ysis, (14) is used as a measure of asymptotic es- 
timator precision and for hypothesis testing. Unfor- 


1 Results in articles by Just, Wolfowitz, and Jennrich can be used 
to show that given the ii.d. normality assumption, maximum 
likelihood parameters estimates will be consistently and asymptoti- 
cally normal if the function F is twice differentiable with respect to 8 
in a neighborhood of the true B, and 


п 


where Q is symmetric positive definite. The particular form of the 
information matrix used in (12) is from Theil. 
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tunately, although (14) can be computed rather ef- 
fortlessly, and in fact is usually standard output for 
most linear least squares computer routines, it is 
incorrect as a measure of the precision of the esti- 
mates Bm» (Bp). 

Aside from the fact that (14) provides absolutely 
no information about variances and covariances of 
entries in the В, vector nor about covariances be- 
tween f, ,(8,) and B,, what interpretation is to be 
given to (14)? Certainly, it is a conditional 
variance-covariance matrix estimate in the sense 
that its elements саг. be computed only with f, 
given. But it is also conditional in a more fundamen- 
tal sense. Given the asymptotic normal limiting dis- 
tribution of V/n(B — 8), a conditional limiting dis- 
tribution for V/n(B, .(B,) — Bm-») given B, = Bp 
can be derived. The covariance matrix (14), when 
multiplied by n, is a consistent estimate of the 
covariance matrix of this conditional limiting dis- 
tribution. However, (14) multiplied by n does not 
provide a consistent estimate of the covariance ma- 
trix of Vn(Bm—»(Bp) — Bm-p) in the unconditional 
limiting distribution, which is clearly the covariance 
matrix of interest in defining the asymptotic 
covariance matrix of B,,—»(Bp). 

The result (13) together with the method of par- 
titioned inversion (Goldberger, pp. 27-28) can be 
used to show that the conditional asymptotic 
covariance matrix estimates systematically over- 
state the precision of the parameter estimates 
Êm-»(Ēp). The conditional covariance matrix (14) is 
representable as 6?(3,)M; !, while by partitioned 
inversion, the submatrix of (13) corresponding to 
the unconditional covariance matrix of 9, ,(8,) is 


(15) o*(B)R, = BLM, — MMM’! 
Gr B,)[ M; + MM: 
(M; — MS5M17M$)'M*5M,' 1]. 


The difference in covariance matrix estimates is 
then | 
(16) (BM — 5%(8„)К, | 
= (Bp) MM: (M'a MM, — Mj)? MM), 

which is negative semidefinite because the inverse 
of the matrix in parentheses equals — R5, where R; 
is a principal submatrix of a positive definite 
covariance matrix, end hence is itself positive def- 
inite. Therefore, PR,P’ is positive semidefinite for 
any P, and it follows that (16) is negative semi- 
definite. Since the difference in variance estimates 
associated with a linear combination of the param- 
eter estimates can be written as ó?(B,)C'[M,;! — 
R,]C, where C defines the linear combination, and 
since (16) is negative semidefinite, the variance will 
in general be understated using the conditional 
covariance matrix. Furthermore, this difference is 
accentuated as ó*(B,) increases. It is clear from 
(16) that there will be no understatement of the 
variance of C’Byp(Bp) only if M',M,7'C is the zero 
vector. 

Finally, regarding the conditional covariance ma- 


if 
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trix, Just (1974a) has stated, ‘‘Although the stan- 
dard errors reported . . . are conditional on Ө, they 
apply unconditionally in an asymptotic sense be- 
cause Ө and ф are estimated consistently. Thus a 
discussion of the significance of results is possible 
although somewhat less confidence may be placed 
in the conclusions” (n. 15, p. 22). In a similar 
statement elsewhere, Just remarks, in reference to 
the use of conditional covariance matrices, that 
"'t-ratios can be calculated by the usual procedure in 
testing and determining the significance of any 
coefficient estimated . . . although the significance 
levels indicated by the í-distribution only apply 
asymptotically” (Just 1974b, suppl. p. 25). 

While it is true that the estimated conditional and 
unconditional standard errors are asymptotically 
equivalent in the trivial sense that they both ap- 
proach zero with probability one as л — œ, this 
clearly does not establish the large sample validity 
of (14) for measuring estimator precision or for use 
in constructing hypothesis tests. The significance 
levels indicated by the 1-distribution generally will 
be incorrect even asymptotically when using condi- 
tional variance estimates. Consider the linear hy- 
pothesis C’B,,_, = k, and form the t-statistic using 
the conditional covariance matrix (14) as 


(17) te = [C’Bn-(Bp) — KG (8,)CMi" C), 


and the unconditional covariance matrix [submatrix 
of (13)] as 


(18) tu = [C'Bm-»(Bp) — K/L6*(,)C' M," C]. 


By multiplying the numerator and denominator in 
(17) and (18) by V n, and letting n > o, it is 
recognized that under the null hypothesis, М, tu 
converges in distribution to a standard normal vari- 
ate, and г. converges to a random variable distrib- 
uted as N(0, £), where the variance £ = 1 with strict 


EMEN, 
equality holding in the limit iff plim F C'M,^!M;- 


[0] (see limit theorems in Rao, p. 122). Thus, for 
any finite critical values = k and under Н, as n — œ, 


(19) a, = Pr[t. € (~k, k)] 
= Pr[t, £ (=k, k)] = о, 


where the probabilities a, and a, correspond to 
rejecting the null hypothesis using /, and 1,, respec- 
tively. It is clear that if k = Г, where fg is the 
critical value of the ¢ distribution with o-level tail 
probability, then in the limit a, = о, = a, so that a 
decision rule based on г, generally accepts the al- 
ternative hypothesis too often. 

In the next section we present empirical compari- 
sons of variances and significance tests calculated 
in the two ways above. 


Empirical Results 


Just's generalized adaptive expectations model was 
recently applied in estimating potato acreage re- 
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sponse for six regions of the United States (Estes). 
Models of the type (6), but generalized to include 
ether conventional regressors and expected substi- 
tute prices, were estimated using a conditonal 
Enear least squares algorithm. The specific model 
formulation and estimation procedura is an exten- 
sion of the one proposed by Just (1977) ard is 
discussed in detail in Estes. . 

Specifically, an estimation procedure was used in 
which the likelihood function was concentrated on 
the coefficient of adjustment [3 in model (5)], and 
a coarse grid search combined with a Fiboracci 
search was conducted over the (0, 1) interval for 3,. 
The interval (0, 1) is consistent with Just’s (1974a) 
work, where he assumes that if ‘‘the state of the 
economic environment is positively -elated ta the 
s:ate of the immediately preceding time period, 
then the decision makers optimal . . . value would 
lie in the unit interval’ (n. 5, p. 16). Given f. the 
model (6) is conditionally linear in the sense of (7). 
For each value of the conditioning parameter % 
considered, a linear regression involving the re- 
rraining parameters was calculated and the residual 
sum of squares associated with the given £, value 
was determined. The maximum likelihood esti- 
mates were the value of £, and the values of the 
remaining parameter estimates, say (8B), in the 
associated linear regression that minimized the sum 
of squares to a prespecified tolerance. 

Variances and covariances of coefficients, as well 
as asymptotic t-values, were calculated using both 
tke conditional covariance matrix in (14), and the 
unconditional covariance matrix in (13). Results 
shown for Maine in table 1 are fairly typical of those 
fcund in the six regions in terms of overall goodness 
of fit. 
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The К? value was .821; all coefficients have the 
expected signs. As indicated by previous argu- 
ments, all t- values are smaller when calculated via 
the information matrix than when calculated with 
veriances from the conditional distribution. For 
ccefficients of mean and variance of potato price, 
t-values from the information matrix are less than 
helf the values calculated with conditional vari- 
arces. In addition, the information matrix approach 
suggests that the coefficient of adjustment [corre- 
sponding to 8, in (5)] has been estimated fairly 
re.iably, while the conditional variance-covariance 
matrix provides no information on this point. 

Table 1 also provides similar information on the 
equation having the lowest R? of any of the six 
which were estimated, that for the Red River Val- 
lev. Here the R? was .545. In this case, f-values 
generally appeared somewhat marginal when calcu- 
lated with conditional variances. When calculated 
vie the information matrix, t-values provided little 
evidence of statistical significance in several cases. 


Conclusions 


Ccnditional linear least squares is an appealing esti- 
metion technique where it is applicable. However, an 
2х-епѕіоп of these procedures to calculation of stan- 
dazd errors of coefficients often will produce seri- 
»usly misleading estimates of precision. Further, the 
2rrors will all be in one direction, causing researchers - 
zo place too much confidence in their results, and 
rej2cting single and joint null hypotheses too often. 
Where applicable, an alternative procedure based on 
zhe information matrix provides estimates of asy mp- 


Table 1. Estimated Coefficients and Alternative !-Values for Maine and Red River Valley Potato 





Acreage 

Regressor or Estimated 

Coefficient Symbol Coefficient 

Maine р 
Intercept 64.428 
TIME —.318 
AP; -760 
Paay? —2_.323 
Ppor! 31.658 
Vpor* — 7.695 
ф -397 

Red River Valley 
Intercept 33 557 
TIME 1.809 
AP, ү" 459 
Por” —4 557 
Ppor? 23.637 
Vpor* —11 1519 
} 659 


а Lagged planted acreage. 
> Expected price of sugar beets. 





t-Value t-Value 
(Information (Conditional 
Matrix) Distribution) 
2.509 2.6834 
—.919 — 9836 
5.057 5.0671 
—1.928 —2.7607 
2.069 4.6037 
—2.115 —4.6763 
4.567 п.а. 

.616 .670 
1.435 1.450 
1.622 1.787 
1.296 —2.474 

.732 1.987 

.788 —2.148 
1.661 n.a. 





Estes, Blakeslee, and Mittelhammer 


totic standard errors which may be given a conven- 
tional interpretation. 


[Received October 1979; revision accepted 
August 1980.] 
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Simulated Behavior of Fast Food Restaurants under 
Alternative Cost/Volume Conditions 


Lynn W. Robbins and Thomas P. Haas 


The food service industry has become a major fac- 
tor in total retail food sales during the past decade. 
Expenditures for food away from home were about 
35% of all food expenditures in 1978. Between 1963 
and 1978, fast food restaurant sales increased 305%, 
adjusted for inflation. Fast food restaurants are de- 
fined as eating establishments that utilize standard 
food preparatior, service, equipment, management 
systems, and labor savings technolog-es in provid- 
ing a limited food menu. Their share of total eating 
place sales more than doubled from 1963 to 1972. 
This share undoubtedly will show further increzses 
as more recent data become available ‘Van Dress). 

Changes in the socioeconomic structure of Amer- 
ican society, such as the increasing number of 
working wives and single person houssholds along 
with changes in iacome, tastes, preferences, eating 
habits, and a general transition to more leisure time, 
have contributed to expansion in fcod servize. 
Growth of this magnitude creates informational 
needs among both industry and public sector partic- 
ipants. Typically, the appearance of economic, 
marketing, and management information about a 
new sector of the economy lags its growth in impor- 
tance. Because of fast food's especially rapid 
growth, the related informational demand is large. 
While some research relating to fast food and other 
food service industries exists, information remaias 
relatively scarce (Haas, p. 89). 

A typical fast food restaurant's behavioral ard 
operational relationships are described in detail. 
Some opportunities for improved marxeting and 
operational efficiency are identified. The typical 
fast food restaurant is modeled and analyzed using 
sensitivity analyses. That is, model parameters are 
systematically altered to evaluate potentially viable 
operating policies that would be costly, time con- 
suming, and impractical to test in reality. 

In a micro sense, efficiency improvements reduce 
operating costs and in turn increase short-run firm 
profits. Industry-wide competition is ennanced az 
information on efficient processing and marketing 
reaches other firms. If marketing costs are reducec 
across the entire system, greater returns to produc- 
ers and lower prices to consumers should result. 


Lynn W. Robbins is an associate professor of agricultural econom- 
ics, and Thomas P. Haas is a former graduate research assistant, 
both at the University of Kentucky. 


Research Design 


Primary data were collected from a firm that fran- 
cHses more than 100 fast food retail units in the 
southeastern United States. Selected management 
personnel were interviewed. Several restaurant op- 
erations were observed. Financial data were col- 
lected from eighteen restaurants stratified by sales 
vo'ume from the smallest to the largest (table 1). 


"The restaurants prepare and sell hamburgers, fish, 


chicken, french fried potatoes, and soft drinks, as 
well as offering breakfasts that include ham and 
eggs or sweet rolls. Meals can be eaten in the res- 
taurant or packaged for take-out. Like most other 
fas- food restaurants, the cooperating organiza- 
tiors’ retail units originally offered only take-out 
service and later added the ‘‘eating-in’’ capability. 
Some units also added drive-up service after this 
study was completed. 

Based on a combination of observed and re- 
corded data and statistical results, a simulation 
mocel was constructed to mimic fast food restaur- 
ant’; operating dynamics. Operational costs were 
tabulated and separated into fixed and variable cost 
compcnents. Labor cost was determined for typical 
units: of various sizes. Purchase dynamics were 
simulated using a stochastic sales generation se- 
querce. Other operational dimensions were in- 
cluded in the model where quantitative relation- 
ships between dynamic components could be spec- 
ified. A cumulative annual profit was simulated for 
the typical retail unit based on a series of daily 
simu.ation iterations. The DYNAMO Simulation 
Language (Pugh) was utilized. 


The Simulation Model 


Figure 1 prcvides a schematic representation of a 
retail fast food restaurant. Symbols are consistent 
with Forrester's System Dynamics methodology 
and variable names are defined in table 2. Circled 
terms are rate equation components. Rate equa- 
tions are indicated by the valve symbols (fig. 1). 
System ievels or states are enclosed in rectangles. 
Free-standing, underlined, parameter names indi- 
cate constant or coefficient terms. The systems 
cash fiow follows the solid lines connecting sym- 
bols, while broken lines indicate information or 
influence flow between components. 


Copyright 1981 American Agrcultural Economics Association 
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Table 1. Three Store Mean Sample Financial Statistics Ranked by Sales Volume for One Year 














Sales ү 
Volume Sales Net Food Paper Labor? 
Strata Volume Income Cost Cost Cost 

($) (%y (%) (%) (%) 
1 664,385 9.7 34.9 4.6 21.9 
2 497,390 6.8 35.4 47 24.1 
3 £68,902 13.6 36.3 4,5 25.4 
4 297,993 8.7 34.8 £:0 25.4 
5 504,356 2:5 37.6 £2 28.1 
6 265,065 —3.5* 36.1 2.8 30.8 
Total 433,015 6.4 35.9 48 26.0 

Local Adver- 
- tising and 
Miscel- Promotion Owner’s 

Strata Insurance Depreciation laneous Expenses Salary 

(%) (%) (%) (%) (%) 
1 0.7 1.4 1.1 2.32 2.1 
2 0.8 1.6 0.4 2.12 2.7 
3 0.9 1.5 1.0 3.02 3.9 
4 1.0 2.0 0.7 3.01 3.4 
5 1.2 3.7 0.7 2.47 £ 
6 1.3 3.5 0.8 3.43 5.1 
Total 1.0 2.3 0.8 2.71 3.1% 
Strata Rent Utilities Maintenance Tax Interest 

(%) (%) (%) (%) (%) 
1 4.9 1.7 1.0 0.4 0.6 
2 4.2 1.8 1.0 0.2 0.3 
3 4.3 2.1 1:2 0.4 0.3 
4 5.0 2.0 1.1 0.2 0.8 
5 5.7 3.0 1.7 0.5 1.5 
6 6.9 4.1 1.4 j 0.8 1.1 
Total 3.2 2.5 1.2 0.4 0.7 





а Values indicate net loss 

> Excludes owner's salary; includes payroll taxes. 
* No data available for this strata. 

4 Figure reflects only oae observation. 


Customer Purchase Component 


Customer purchases :nfluence marketing efficiency 
by generating cash flow. Customer volume is rep- 
resented by dollar sales generated from a purchase 
rate. The simulator includes a stochastic element 
which creates a rancom customer-count response 
pattern within predetermined bounds. Customer re- 
sponse modeling is facilitated using a random num- 
ber generator, NOISE, which produces uniformly 
distributed random numbers between —0.5 and 
+0.5. Customer purchase response will therefore 
be uniformly distributed about the constant multi- 
plier value and constraint at the extreme by expan- 
sion or compression of the NOISE bounds. Cus- 
tomer response can be tailored to fit specific exist- 
ing locations or proposed locations, given specific 
or expected traffic volume. 

Average daily advertising expenditures are added 
directly to cost components at each time step. Ac- 
tual purchases comorising cash flow dollars are 


created using a purchase rate equation. The pur- 
chase rate depends upon the average purchase size, 
which translates physical customer volume into a 
dollar sales volume according to the relationship: 
PURCH=ADDRAW * APS * DLINF3 (PMA), 
where PURCH is Purchase rate, ADDRAW is 
Average daily draw (customer count), APS is 
Average purchase size, DLINF3 is Information de- 
lay, and PMA is Purchase multiplier due to adver- 
tising. DLINF3 is an information delay that corre- 
sponds with the tendency for advertising to exhibit 
a lagged response. 


Labor Utilization and Cost Components 


Unit labor requirements are, to an extent, fixed by 
individual unit operational requirements. A basic 
core of employees is necessary regardless of vol- 
ume. Personnel are constantly necessary for spe- 
cific work stations. As volume increases, addi- 
tional personnel are required to serve overburdened 
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Figure 1. Fast food retail store system simula- 
tion flow chart 


work stations and provide extra services, cleanup 
for example. While the division between basic unit 
requirements and variable needs is somewhat arbi- 
trary, the model computes basic needs according to 
typical unit labor requirements for the lowest vol- 
ume stores. The model can mimic decreased labor 
requirements based on improved labor utilization. 

Actual labor requirements are simulated in two 
separate stages (both dependent upon labor produc- 


Table 2. Definition of Model Terms 
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куйу). Basic lator requirements and labor costs are 
represented by constant relationships. The second 
s:mulation stage computes additional labor re- 
quirements due to sales beyond those of the base 
requirements. This total labor cost component is 
then added to the. variable cost rate equation. 

Fast food геѕ-аџгапі operations are geared for 
repid, high volume service. At some volume level, 
based on sales and customer count, the retail unit 
will encounter capacity limitations. When designed 
store volume is exceeded, normal work flow or 
service will be hampered and efficiency decreased. 
Additionally, lost sales may result. 

Capacity restrictions are based on information 
provided by the zooperating firm managers. A rate 
equation for lost sales reflects the sales-diminishing 
tendency when capacity is exceeded. This cash 
flow drain reducss normal profits. 


Cost-Profit Components 


Cash flow behavior is modeled to follow the pattern 
existing in a cooperating organization retail store. 
Cost rate compcnents represent true operational 
cesh flow drains classified according to their fixed 
ard variable sourzes. A profit-level equation is used 
to accumulate daily profit and loss through the 
ccurse of 365 сапу time steps. Individual cost 
scurces are altered to allow for analysis of that 
ccmponent's impact on profit. 

Rent, utilities, interest on debt, maintenance 
ccsts, taxes, апі several incidental costs were 
classified as fixed. These costs vary little with vol- 
ume changes. Thsse fixed costs are combined with 
th2 fixed portion of labor costs necessary for basic 
urit operations. 

Variable cost components consist of the service 
fee paid to centrel operations based on unit sales, 
food input costs, paper cost, average daily advertis- 
ing expense, and variable labor cost above the basic 





ADAE: Average daily advertising expenditure 
ADDRAW: Average daily draw 

ADELC: Average daily extra labor cost 
ADLC: Average daily labor cost 

АРТУ Average daily traffic volume 
APS: Average purchase size 

BIR: Basic labor requirement 

CASH: Cash level (daily cash intake) 
CLUF: Constant labor utilization factor 
DC: Draw constant 

ELR: Extra labor requirement 

FCC: Fixed cost components 

FCOST. Fixed cost 

FOOD: Food cost 

INT: Interest cost 

LR: Labor requirement 

LSALES Lost sales 

LUF: Labor utilization factor 
MAINT Maintenance cost 


MHZRSD: Man-hour labor requirement per sales dollar 
MISC: Miscellaneous cost components 
OW.NSAL: Owner’; salary 

PAFER: Paper s.ipplies cost 

РМА: Purchase multiplier due to advertising 
PRCFIT: Cumulazive profit level 

PRCMOT: Promotional expenditure 

PUFCH. Purchase rate 

RENT: Rent cost 

SF: Shrink tactor 

SVCFEE. Service fee 

TAC: Total acvertising expenditure constant 
TAX: Cost of taxes 

UCAPAC: Unit capacity 

UTIL: Utilities cost 

VCC Variable cost components 

VCCST: Variable cost 

WAGE: Wage rate 

XSALES: Extra scles 
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unit operational needs as defined in the labor utili- 
zation section. Additional labor costs are computed 
using an auxiliary which multiplies additional phys- 
ical labor requirements. by a wage rate component. 

Actual costs are used in the simulator from the 
eighteen restaurants. This sample is stratified to 
include three units from each of six volume catego- 
ries. Sample stores were drawn at random from the 
total cooperating organization’s retail system until 
three sample units were attained for each volume 
stratum. Each volume category contains an equal 
number of units reflecting an almost uniform dis- 
tribution of retail units from smallest to largest. 
Units opened within the year prior to sample selec- 
tion were excluded because their cost experience is 
unique during the normal ‘‘startup’’ period. Aver- 
age costs for each sales volume stratum for all cost 
components were calculated from actual financial 
statements. Table 1 lists these averages and a com- 
posite average for all stores. 


Simulator Validation 


The basic model was formulated to depict behavior 
for a cooperating organization restaurant in the 
sixth or lowest sales volume stratum (table 1). Re- 
sults simulate a cumulative $11,518 loss for a typi- 
cal store in the sixth category. Actual losses for the 
average stratum 6 store are $9,192. Modeling error, 
defined as the error in simulating the correct sales 
figure amounts to less than 1%. Figures for average 
daily advertising expense, cash flow, fixed and 
variable costs, and labor cost are typical for stores 
in this sales stratum. With actual sales exceeding 
simulated sales by $2,200.00 and expenses simu- 
lated accurately; simulated profit necessarily would 
be $2,200.00 low. Hence, the model is considered to 
be valid for restaurants franchised by the coop- 
erator and will allow for adequate sensitivity analy- 
ses and evaluation. 


Sensitivity Analysis Results 


Firm cash flow depends in part on the average pur- 
chase per consumer. The cooperating restaurants' 
average purchase size ($1.50) was analyzed by in- 
creasing it over the raage from $1.50 to $1.70. Simu- 
lated responses for the representative sample of pur- 
chase sizes are shown in figure 2. Results indicate 
that profits are sensitive to average purchase size. 
An increase in purchase size of 20g results in more 
than $13,000 of added returns per year. However, 
cooperating firm managers estimate that such an 
increase in average purchase size could not be gen- 
erated from the estimated added revenue. 

The model includes the system's behavioral deci- 
sion rule that keeps advertising at some relatively 
constant percentage of sales. Consequently, some 
added advertising expense was accounted for by 
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Figure 2. Simulated sensitivity of fast food re- 


tail profits to various average purchase sizes for 
a typical small volume store 


the model as average purchase size was increased 
externally. The managers’ assessment of the situa- 
tion, however, is that a much greater promotional 
attempt would be needed to achieve an average 
purchase size of $1.70 than could be generated from 
the expected additional revenue. Even though 
profits are sensitive to average purchase size, aver- 
age purchase size is not sensitive to attempts at 
increasing it. In essence, profits are insensitive to 
reasonably expected increases in purchase size. 

Figure 3 depicts the results of increasing cus- 
tomer count. Count is at least as, if not more, sensi- 
tive than average purchase size. Managers view 
the likelihood of increasing count to the magnitudes 
analyzed in figure 3 to be much higher than similar 
magnitudes for purchase size. Apparently fast food 
restaurants are the size they are not because of 
individual purchase sizes but because of customer 
count. If a restaurant’s management cannot in- 
crease customer count, continued viability must 
rely on cost effectiveness not revenue enhance- 
ment. 

In fast food retailing, labor costs depend heavily 
upon the minimum wage rate. The basic model used 
a wage rate very near the current minimum wage 
rate. A lower minimum wage in the future is highly 
unlikely, therefore the sensitivity analysis only in- 
cludes increases in wage rates for the basic store, 
figure 4, and for a typical high volume store, figure 
5. Wage rate increases placed substantial strains on 
cash flow. For the low volume store, losses in- 
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Figure 3. Simulated sensitivity 0? fast food re- 
tail profits to various average traffic volumes for 
a typical small volume store 


creased more than twofold for а 30g increase іл the 
éverage wage. Profits of high volume stores. de- 
creased by about-one-third for a 30g wage increase. 

Food and paper costs are specifiec as a perzent- 
age of sales. Sensitivity changes are accomplished 
by changing the coefficients that determine food 
and paper costs. Changes were tested agains: the 
tasic store volume and a typical large volume store 
with cumulative profits amounting to $48,000. The 
changes for the typical large volume store arc de- 
picted in figure 6. 


THOUSANDS OF 
DOLLARS 








$230 WAGE RATE (PROFIT DAY 364 15 -$11,518.00 

1 1 

1 [ 

$2.40 МАСЕ RATE (PROFIT DAY 364 15 -$55,254.00) 
Я 

1 


| 
1 


$ 2.60, WAGE 
[ 


RAT: (PROFIT DAY 364 15 
-$13,989.00) 


CUMULATIVE PROFITS 
o 
—— 
i 
1 
1 
t 
1 
1 
П 
i 
| 
T 


$2.60 WAGE RATE 7 
(PROFIT DAY 364 !S -$22,725.00) 


i 

! 

t 

Е 

-20 : 
o 


140 280 
DAY OF THE YEAR 


Figure 4. Simulated sensitivity of fast food re- 
tail profits to various levels of wage rates for a 
tvpical small volume store 
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tail profits to various levels of wage rates for a 
typical large volume store 
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Figure 6. Simulated sensitivity of fast food re- 
tail profits to various levels of input costs for a 
typical large volume store 
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Figure 7. Simulated sensitivity of fast food re- 
tail profits to various levels of fixed costs for a 
typical small volume store 


For the small volume unit, food costs totaling 
42% of sales, as opposed to 36% in the basic model, 
almost treble the simulated cumulative loss. In the 
large volume store’s cas2, an equal percentage food 
cost increase decreases profits by over 50%. 

The fixed-costs varia»le represents a variety of 
fixed-cost components. Rather than test each com- 
ponent's sensitivity, the components were treated 
as a sum and indexed such that selected percentage 
changes in the total could be tested. In the base 
model, the index value is 1.0. Fixed-cost indices are 
tested for values ranging from 0.8, which represents 
a 20% decrease in all fixed-cost components, up to 
1.3, representing a 30% increase in fixed costs. 
These changes are shown in figure 7. Basic model 
behavior is sensitive to fixed-cost adjustments. 


Conclusions and Implications 


This paper assessed particular operational criteria 
where marketing or operating efficiencies might be 
captured. Simulation analysis allowed potential op- 
erational changes to be tested against retail system 
behavior. 

The DYNAMO-based simulation model mim- 
icked retail operations and was accurate to with- 
in 1% of sales. The analysis revealed that many 
operational aspects, such as labor and food input 
utilization, contain sensitive parameters. Sensitive 
retail unit parameters are labor costs, food costs, 
fixed costs, average purchase size, and average 
traffic volume. 

Four specific simulation-related conclusions and 
one overall conclusion came out of this research 
effort. First, successful attempts at increasing aver- 
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age purchase size provide substantially more reve- 
nue. Average traffic volume is similarly and possi- 
bly even more sensitive. The consensus among 
cooperating firm managers is, however, that in- 
creases in traffic count of the magnitude analyzed 
would be much more easily attained than those 
magnitudes analyzed for average purchase size. 
Consequently, it would appear that promotions in- 
tended to increase average purchase size, and only 
the average purchase size, should be discouraged. 
The most profit effective promotion apparently 
should emphasize customez count and not purchase 
size. 

Second, profits are highly sensitive to labor 
costs. Increased wages decreased profits for all res- 
taurant sizes, but smaller volume stores are more 
prone to pressures generated by wage increases. 
Current legislation and pressures from unions and 
other organizations aimed to increase the minimum 
wage rate will have a marked effect on fast food 
profit performance. Because labor cost constitutes 
a major expense category in fast food restaurants, 
increased efficiency can lead to significant opera- 
tional economies. 

Caution is required with respect to the partial 
equilibrium assumptions. They are that changes in 
wages as well as input and fixed costs affect only the 
simulated firm. The impact upon a firm’s profits of 
an isolated cost increase is not the same as when it 
is shared by all competitors (as would necessarily 
be the case of a change in minimum wage). With an 
across-the-board cost increase, an across-the-board 
price increase likely would follow. If one restaur- 
ant’s costs increase, they are much less likely to 
raise prices. 

Third, it is clear that food cost is an important 
store performance paramete-. Profits are very sen- 
sitive to food cost changes, particularly the smaller 
units. These smaller stores may face inefficiencies 
in food product buying, infcrmation discovery, or 
lack sufficient sales to warrant volume purchasing. 

Fourth, fixed cost's sensitivity and therefore its 
importance is reinforced. Break-even volumes in- 
crease markedly with each increase in the fixed- 
cost components. As smaller volume stores become 
uneconomical, barriers to entry increase and com- 
petitiveness decreases. 

Finally, in general it was found that without com- 
pensating unit efficiency charges through operating 
improvements, marketing improvements, or price 
increases, unit survival may be jeopardized. These 
pressures affect small restaurants most directly, as 
small units do not have the capital and informa- 
tional support available to their larger counterparts. 
Industry structure may be adversely affected and 
competition curtailed if many small restaurants are 
pressured out of the industry. Efficiency improve- 
ments are necessary for small restaurant survival. 
However, large restaurant efficiency improvements 
result in gains to the entire industry by lowering 
unit costs. Under competitive conditions, these 
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efficiency gains will be passed to consumers 
through lowe- prices for goods апа services in the 
food service component of consumer expenditures. 


[Received July 1979; revision acceptea 
August 1980.] 
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Measuring the Cost of Time in Recreation Demand 
Analysis: An Application to Sportfishing 


Kenneth E. McConnell and Ivar Strand 


We reckon hours and minutes to be dollars and cents. 


Since the work of Cesario and Knetsch, economists 
have recognized that the opportunity cost of time 
plays an important role in determining the demand 
for outdoor recreation. The opportunities one has 
for spare time are more significant for consumption 
of time-intensive outdoor recreation activities than 
for other commodities, especially nondurables. 
Bishop and Heberlein illustrate ‘‘the overwhelming 
importance of time costs to final [recreational] val- 
ues. . . . Total consumer surplus is nearly four 
times as large . . . [when] time costs are added at 
half the income rate . . . [as when] time costs were 
set at zero” (p. 21). 

Despite the recognition, economists have neither 
successfully integrated the costs of time with the 
methods of recreational demand analysis nor 
reached a consensus on how it should be measured. 
Brown, Charbonneau, and Hay state, ‘‘Finally, the 
apparently crucial importance of how opportunity 
cost of time is handled needs further work. While 
we are convinced it is an appropriate concept, . . . 
exactly how it should be included and measured 

. remains to be determined" (p. 24). Several 
approaches have been taken to include it in the 
travel cost method. One approach (Brown and 
Nawas, Gum and Martin) suggests that time in 
transit be considered as a separate independent 
variable. Another approach (Bishop and Heberlein; 
Brown, Charbonneau, Hay; Nicols,- Bowes, 
Dwyer; Cesario and Knetsch) measures the cost of 
time and adds it to other costs. Several approaches 
have been suggested to measure time costs. One 
approach is simply to choose an hourly wage, e.g., 
$2.00 per hour, or perhaps the minimum wage rate. 
A more flexible but still ad hoc approach is to use 
some proportion of the individual’s wage rate as the 
opportunity cost of time (Nichols, Bowes, Dwyer). 
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The proportion is usually taken from independent 
studies and used to value the travel time. This ap- 
proach is better than using a constant opportunity 
cost of time tecause it allows variation across indi- 
viduals. It suffers because the choice of the per- 
centage of the wage rate is arbitrary, independent of 
the sampled population. Cesario has discussed the 
consequences of ignoring time costs and the differ- 
ences in values arising from alternative measure- 
ment approaches. 

In this paper, we argue that the opportunity cost 
of time is some proportion of the individual’s mar- 
ket wage rate or income per hour and that this 
proportion can be determined from sample data. 
This method permits the proportion to vary from 
one study to another, rather than imposing either an 
arbitrary estimate or one from a sample different 
from the study’s sample.! 


A Simple Model 


The recreationist presumably behaves as if to 
maximize utility subject to time and budget con- 
straints by choosing trips, denoted r. The original 
travel cost method (Clawson) used trips per capita 
(z) as the dependent variable. In this paper, we 
have chosen to use trips per user (r). But z = Ir, 
where II is the participation rate (proportion of 
population who participate at least once). Various 
studies (e.g., Deyak and Smith) have shown that 
decisions to participate are different from decisions 
about how frequently to participate. As Brown and 
Nawas point out, there is loss of information in 
aggregation. Hence it is more efficient to use ras a 
dependent variable. However, the method we dis- 
cuss will work for z or r as the dependent variable. 

Let utility be U(x,r), where r is recreation trips 
and x is a bundle of all other goods. If we introduce 
a proportionate income tax rate of z, the budget 
constraint is 


! The method as described is similar in spirit to a method de- 
scribed in Commons. This paper, brought to our attention by a 
reviewer of a version of this paper, describes a method of choosing 
the proportion for a log-linear demand function by a search 
method. 
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where w is the amount of time worked, F(w) is 
income earned from w units of work, E is fixed 
income, 1 is the income tax rate, p is the price of the 
composite bundle, and c is out-of-pocket costs per 
recreational trip. Before-tax income is F(w) + E. It 
is the most frequent measure available from sur- 
veys. Suppose the time constraint is given by T = 
ar + w, when T is total time available and c is the 
amount of travel time per recreational trip.? The 
problem is to maximize 


(2) U(x,) – Мрх + cr 
— (1 — DEF(T ағ) + Е]. 


The first-order condition for r is 
(3) aU/àr = Мс + а(1 ~ DF'(w)]. 


Assuming that p does not vary across individuals, 
we get the demand function for recreation. 


(4) r= f(c + a(l — nF'(w)]. 


Income is given by F(w) + E, while the marginal 
opportunity cost of time is (1 — t)F’. Define average 
income by v = [F(w) + E]/w. Sufficient conditions 
for the cost of time [measured by (1 — 1)F’] to equal 
v are (a) The tax rate, г, is zero; (b) marginal 
earnings are constant: F'(w) = F(w)/w; and (c) 
nonwork income, Е, is zero. 

From these, it appears likely that the opportunity 
cost of time is less than average income. If the 
income figure is family income where other family 
members earn income and v = family income/w, 
the individual's opportunity cost of time will be 
overstated. The opportunity cost of time will be 
understated if an individual gets utility from work 
or if working today is a form of investmeat which 
provides higher income in the future. 

Suppose the opportunity cost of time is some 
constant (k) times the average income. Then the 
demand function is 


(5) n = fle, + Кар), 


where 0 < k < 1 is usually an arbitrarily chosen 
number and i is an observation index. Iastead of 
choosing k arbitrarily, we let the sample cetermine 
k. With a linear form, we have 


(6 ri = s + Bile; + Каш) + 832 + €i 


where Z; is a vector of exogenous variablss includ- 
ing a wealth or income proxy and e, is an error term 
with the classical specification. We can rewrite (6) 
as 


(7) 


[Fiw) + E](1 — t) = px + cr, 


rj = Bo + Bic; + Bap + BaZ, + е. 


2 We assume that a is travel time per trip. This approach implies 
that the opportunity cost of time spent on site is zero. While this is 
standard practice (Brown and Nawas; Shulstad and Stoevene:), it 
is an unresolved but important issue (McConnell). We do not 
attempt to deal with the issue in this paper. 
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The estimate of k is Ё = ĝ,/ĝı, where fj are the 
ordinzry least squares (OLS) estimates of the pa- 
rameters of (7). In the following section we show 
hcw this method works on a sample of sportfisher- 
men. 


An Aoplication to Sportfishing 


To te;t the approach suggested, we use sample data 
from a 1978 survey of sportfishermen in the 
Chesapeake Bay region. The complete specification 
of the equation is 


(8) o + Bic; + Bran; Bas; + Ват + е, 


wher. ~is the annual sportfishing trips per angler, c 
is pe~ trip expenses per person, a is the round trip 
travei time (computed as round trip distance/45 
miles per hour), v is average hourly income (annual 
femiby income/2080), s is a site variable equaling 1 
for rzsidents of Ocean City, Maryland, and 0 oth- 
егуі .е, and m is the length of the angler’s boat. 

Tre expected signs and relationships are B, < fs 
« 0, B, > 0, B, > 0. The first two inequalities relate 
to tFe negative effect of costs, both trip expenses 
and -ravel time, on the trips taken per year. Also, f; 
< В. implies that the opportunity cost of travel time 
is less than average income. The site variable (5) 
attempts to capture variation due to different 
characteristics of the sites. Since Ocean City, 
Maryland, was our only resort area, it was given a 
valve of 1 and the other sites given 0. Boat length 
(т) represents a previous commitment to sportfish- 
ing or a wealth proxy. In either case, it should act to 
increase annual participation. 

Ftting equation (8) on the Maryland-Virginia 
sur-ey gives us 


(9) r= 9.77 — .0206c — .0126av + .019s + .157m, 
(3.89)* (2.00) (2.50) (5.06) 


where N = 415, R? = .10, F(4,411) = 12.8, and 
asterisk indicates t-statistics under the null hypoth- 
esi: of no association. For this equation we have 
used a subset of observations from the sample.? 
Th« estimated coefficients agree in sign and mag- 
nitade with our prior beliefs. The equation fits rea- 
sorzbly well for cross-sectional observations. 


3 The subset ofthe sample included anglers who made twenty or 
fewer trips per season. To test whether the groups were different, 
a Chow test was used. The test statistic [F(234,412) — 27.3] 
permitted rejection at the 99% confidence level of the null hypoth- 
esis that the coefficients of the equation (9) were the same for 
angers with twenty or fewer trips and anglers with more than 
twenty trips. We report results only for the twenty or fewer group. 
Th: hourly income variable was based on seven annual income 
catzgories — ($0—$4,999; — $5,000—$9,999; — $10,000—$14,999; 
$15,000—$ 19,999; $20,000-$29,999; $30,000—$49,000; $50,000 and 
ab: ve) with the average of the category range being assigned to 
respondents in the category. No respondents from the lowest 
ramge were used because respondents not wishing to reveal their 
income aften responded by indicating the lowest income class. 
This exclusion limits the range of v but appeared more appropriate 
then introducing considerable error and biased data by inclusion. 
Ест a detailed description of the survey, see Strand and Yang. 
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Using equation (9), we can infer that a represen- 
tation angler values time at about 60% of his hourly 
income: 


(10 k= B,/B, = —.0126/—.0206 = .612. 


We expect that k will vary among regions and sites 
and that this value is applicable only to our sample. 
However, by estimating it directly from observa- 
tions on individual behavior we have eliminated the 
need for ad hoc and arbitrary valuation of the op- 
portunity costs of time. 


Properties of Ё 


As we have observed, variations in k cause consid- 
erable variations in estimates of consumers' 
surplus. Our value of kis not the true value but 
rather the ratio of two random variables; hence, it is 
a random variable itself. The reliability of the esti- 
mate of consumers' surplus depends on the random 
properties of k. 

We can ascertain something of the underlying 
probability distribution oz = k from what we know of 
Ё, and ĝi. Under classical assumptions, the dis- 
tribution of these coefficients is jointly normal. The 
distribution of the ratio of two N(0,1) variables is a 
standard form Cauchy (Johnson and Kotz, chap. 
16). However, if the varizbles forming the ratio are 
jointly dependent, as are 3, and f, then the under- 
lying distribution is more complex (Springer, chap. 
4). In both cases, howeve-, the distributions do not 
have finite moments. Since confidence intervals and 
significance tests rely on the existence of second 
moments, neither of the traditional tests is applica- 
ble. We can develop some understanding of the 
dispersion of k by Monte Carlo studies of the ratio 
of jointly normal variates. This procedure offers 
guidance about the distribution of Ё. 

Let the joint density function of B; and Be be 
given by /й,,8,). Then 


(11) FB. B) = f GB), 


where f, (&i) i is the marginal density function of By 
and f(G;lB.) i is the conditional density function of В 
given f,. With these conditions, it can be shown 
that 


(12) Bi = N(B1,0:7), and 
(13) Ёд, ~ М8, + роз(В. — В1)о; t,o? — р?)], 


where р is the correlation coefficient of the 
bivariate normal. With conditions (12) and (13) we 
can construct two random variables which follow 
(11) by calculating 


(14) Bi = В, + m18, 
(15) & = В + o2[O,(1 — 9?) + Өр], and 
(16) k= В./В., 


where Ө, are №(0,1) and independent. We per- 
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formed experiments by drawing sequential pairs of 
unit normal random variables, assuming that the 
true value of 81, B2, 01, сз and p were as estimated 
in equation (9). The assumed values are —.0206, 
— .0126, .0067, .0050, and — .3781, respectively. 

Several experiments with sample size varying 
from 50 to 1,000 were conducted (table 1). Each 
row gives the mean value of k, the bias (k — k), k 
being the ratio of estimated coefficients, the propor- 
tion of estimates greater than zero, and the propor- 
tion of estimates in the unit interval. Based on all 
experiments. there is an estimated probability of 
.016 that the estimates of & will be less than zero. 
Our experiments also show that 66.7% of the sam- 
ple ratios fell in the unit interval. 

Although these results do not have the theoretical 
support of formal confidence intervals, they are 
informative. Despite the possibility of substantial 
dispersion as 3, approaches zero, the experiments 
show remarkable conformity with the distribution 
of estimates. Though we cannot say k is sig- 
nificantly different from zero at the 98.426 level of 
confidence, it seems reasonable to reject the hy- 
pothesis that the ratio is less than or equal to zero. 

The alternative to the Monte-Carlo approach is to 
assume that Ё is asymptotically normal with ex- 
pected value EB,/Ef, and variance approximated 
by 


(17) УФ = (5,/8.)[01°/81 

+ 62/02 — 2 соу (#8, )/ЙЁ,Йз1. 
Using the values-of their variables following equa- 
tion (16), we compute V(k) = .142. With these 
assumptions and numbers, we can construct the 
standard rejection region for the null hypothesis 
that k = 0. For a type 1 error of 10%, the critical 
region for rejection of the null hypothesis lies be- 
yond .483. Thus, based on this approximation, we 
would reject the null hypothesis that k = 0 because 
the estimated value of k is .612. 

The comparison of the assumption of normality 
with the Monte-Carlo results indicates the kinds of 
errors we make by assuming normality. Under the 
condition that А is N(.612, .142), about 80% of 
observations so distributed will fall in the unit 
interval, compared with about 67% from the 
Monte-Carlo results. Thus, this assumption of nor- 
mality with mean .61 and variance given by (17) 
leads to underestimating the type 1 error. This dif- 
ference suggests care in the interpretation of re- 
sults. 











Table 1. Some Properties of k from Sampling 
Experiments 

Relative Frequency 
Sample Mean Bias 
Size Value of k k=0 0xkz! 
50 ‚765 —.154 984 672 
500 .886 —.247 -983 .662 
1,000 -763 —.152 .985 .667 
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Conclusions 


This paper offers a method of estimating the oppor- 
tunity cost of time in the demand “or recreation. It 
can be used simultaneously with travel cos- analy- 
sis, requiring only the interviewee's wage rate or 
income as additional data. It eliminates the need to 
rely on an exogenous estimate of the opportunity 
cost of time. 

We have zpplied this technique to linear demand 
curves, and with linear functions, OLS rrovides 
direct estimates of the proportion. The gereral ap- 
proach of letting the sample data choose the propor- 
tion is applicable to any functional form viz the use 
of maximum likelihood techniques. An acvantage 
of estimating k directly by maximum lixelihood 
methods is that its asymptotic properties are well 
known. 

The opportunity cost of time is determined bv an 
exceedingly complex array of institutiona., social, 
and economic relationships, and yet its value is 
crucial in the choice of the types and quantities of 
recreational experiences. Because of its complex- 
ity, one must be cautious in explaining it simply, as 
we have. In particular, while this method kas prom- 
ise, the measurements are not inconsiszent with 
several competing hypotheses. For example, in- 
come per hour as time cost тау reflect г negative 
income effect for sportfishing cr the effct of in- 
come on the willingness to pay to avoid travel. In 
addition, this simple approach cannot explain why 
the opportunity cost of time is related to income for 
individuals working fixed hours. 

Although this paper suggests a new direction, 
there are undoubtedly more advances to be made. 
For example, this method requires that tie ratio of 
the opportunity cost of time to income per unit of 
time be constant for all sample observations. A 
significant improvement would be to lef this ratio 
change as a function of leisure time or occupation. 


[Received November 1979; revision accepted 
July 1980.] 
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Producer Welfare and the Preference for Price Stability 


Andrew Schmitz, Haim Shalit, and Stephen J. Turnovsky 


The last few years have witnessed a phenomenal 
increase in price instability for final goods produced 
and consumed as well as inputs into production 
processes. Ás a result, an extensive literature has 
developed analyzing the welfare consequences of 
price stabilization brought about by buffer stock 
activities. This discussion has focused on the dis- 
tribution of gains between producers and consum- 
ers as well as on the overall benefits to the econ- 
omy. (For a recent survey of this literature, see 
Turnovsky 1978.) Much of the theoretical basis for 
the empirical work on the effects of stabilization 
policies appeared in the seminal papers by Waugh 
and Oi. Waugh examined the welfare effects of 
price instability on consumers while Oi addressed 
the issue of whether or not producers prefer price 
instability. For policy makers, the conclusion 
reached by Oi that producers prefer price instability 
to stability is somewhat disturbing because most 
policies—especially those іп agriculture—have 
been aimed at creating price stability. 

Recently, Tisdell (1978) extended Oi's analysis in 
two directions. First, he has shown that precisely 
the same conclusions hold with respect to instabil- 
ity in input prices. Moreover, under the same con- 
ditions to those assumed by Oi for the single-prod- 
uct case, commodity price instability (either in out- 
puts or inputs) raises the expected profit of a mul- 
ticommodity firm. Thus, the thrust of these con- 
tributions is to suggest that, insofar as producers 
are concerned with expected profit, they will prefer 
price instability—a result which greatly weakens 
che argument that producers should support price 
stabilization policies or any form of marketing ar- 
rangement where ‘‘pooled pricing" is used. 

The purpose of this paper is to generalize the 
conditions under which producers prefer price sta- 
bility. A single-product firm is first considered, and 
results are obtained, opposite to those of Oi, which 
Show that a producer may prefer stability to price 
instability. Furthermore, this paper explores the 
welfare implications of price instability for a multi- 
product firm, to determine whether or not a theoreti- 
cal argument can be made that a firm engaged in the 
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production of more than one type of commodity 
may prefer price stability for some of the commod- 
ities it produces but not for the entire set. Unlike in 
the Tisdell results, the findings in this paper show 
that a firm may prefer price stability in some prod- 
ucts but not in others. 

The firm is assumed to maximize its expected 
utility from profits rather than simply expected 
profits. The motivation for this assumption is 
rooted in the fact that every firm faces the possible 
hazard of a decline in profits that can lead to bank- 
ruptcy. Thus, instead of using the criterion of max- 
imum expected present value of profits, over a finite 
or infinite planning horizon, one could provide a 
static approximation in the form of maximum ex- 
pected utility. Then, the concept of risk aversion in 
the static expected utility maximization model 
emanates from recognition of the costs of profit 
variability due to price instability in the dynamic 
expected profit maximization model.! Furthermore, 
if the decision maker is subjectively risk-averse be- 
cause of future variable profits, the utility maximi- 
zation criterion is more than justified. Indeed, it is 
often argued in the practical stabilization literature 
that such producers are more concerned with the 
stability of their earnings than with the expected 
level, reflecting an attitude of risk aversion. In this 
case, the expected profit criterion which, in effect, 
assumes risk neutrality will be an inadequate mea- 
sure of welfare. Accordingly, the purpose of the 
present paper is to reassess the benefits to produc- 
ers from price stabilization in terms of a more gen- 
eral utility function of profits, a procedure used 
previously by authors in other related contexts 
(Sandmo, Leland). In doing so, the Oi analysis is 
generalized with respect to the single product and 
multiproduct firm. 


Single-Product Case 


Consider a firm that maximizes its expected utility 
from profits E[U(m)]. U is a Von Neumann- 
Morgenstern utility function assumed to be twice 
differentiable. It is assumed U’(z) > 0, reflecting 
the positive marginal utility of profit, while (лт) 2 
0, depending upon whether the firm is risk-averse or 
risk-preferring. (Throughout this paper, the con- 
vention of denoting partial derivatives by appropri- 
ate subscripts and letting primes denote total de- 
rivatives shall be followed.) The profit т is derived 
from the production process, 


! We are grateful to a referee for suggesting this interpretation. 
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(1) y7/X,...,X) А> 0, fi < 0, 


where i= 1,...,n,f is a concave procuction 
function, x = X,,. . . , X, is a vector of inputs, and y 
is the (single) output. The firm operates in a com- 
petitive environment and cannot influence tke price 
of output or the price of inputs.? The prices of 
inputs are denoted by w = (wi, . . . , Wn), ме the 
price of output is p. These are assumed to be ran- 
dom variables with known probab-lity distributions 
having mears E(w) = йү, E(p) = p, and a finite 
variance-covariance matrix. We assume, as did Oi, 
that the firm’s decisions are always executed ex 
post, implyiag that, once the prices are kncwn, the 
firm can adjust its inputs so as to maximize its 
profit. Thus, the firm more properly car be de- 
scribed as operating in а world of price variability 
rather than price uncertainty as assumed by Tisdell 
(1963), Sandmo, Leland, and Turnovsky (1973), 
among others. But the present assumption here is 
the one gererally adopted throughout the stabiliza- 
tion literature. The question to be considered is 
whether or not the firm prefers unstable prices to 
prices stabilized at their arithmetic means. In this 
section, it will be assumed that only one price at a 
time is variable. 

To answer the question, the firm's optimizatior 
problem must be considered, which is to 


max U(r) 


Q) 


n 
subject to т = pf(x) — x ид. 
i=1 


The first-order conditions for а maximum агг 


(3) pfi(x) — wi = 0, 


where i = 1, ... , n, where the sezond-order 
conditions are that the matrix F = (fj) be negative 
definite znd are automatically satisfied by the as- 
sumption of concavity of f. 

Solving (3), the optimal values of inputs and zs- 
sociated output are 


(4) X; = $'(p, Wi... Wy) 
» E vp. Wi, wohne Wa), 
where i = 1, ..., n. Substiuting (4) into т, the 
firm's utility resulting from its optimal cecisions are 
(5) U[«] ad U put, Wie Ма) 
> È wip lP, wi, .... m 
i=1 d 


== V(p, Wipe ees Mg). 


The function V(p, w) = И(р, Wis. . . , Wz), waich 


2 By treating prices as exogenous, this analysis (like the Oi 
analysis? is only a partial equilibrium one. A complete general 
equilibrinm analysis would require us to endogenize price;, ex- 
plaining their random movements im terms of scochastic sh fts in 
producton and preferences. This analysis does not address itself 
to the welfare implications for consumers. 
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expresses the producer's utility in terms of the pre- 
vailing output and input prices, provides the basis 
for analyzing the benefits from stabilization.? Spe- 
cifically, Jensen's inequality will be used, which as- 
serts that EV(p. w) 2 V(p, Ww), as V is convex or 
concave in the relevant prices. That is, the pro- 
ducer's welfare will be determined from the price 
Stabilization program in terms of the convex- 
ity/concavity properties of V(p, w). 

Suppose that the only variable price is p, with 
factor prices being nonstochastic and remaining 
fixed at their arithmetic means. According to Jen- 
sen's inequality, the firm will lose (gain) from hav- 
ing p stabilized at its arithmetic mean as 8?V/ap? > 
(«) 0. The second derivative of (5) with respect to 
p, taking into consideration that x, is implicitly a 
function of p through (4), yields 


(6) 


With some manipulation, (7) can be rewritten to 
give the criterion 


(Se alee 
ap? | lta , 


ду p 








where є = ap S mee elasticity of supply, which by 
virtue of (4) is positive; к = ==” , Arrow-Pratt 


measure of relative risk aversion (see Arrow and 
Pratt); and u = (py -5 w;x;)/ Ую, profit mar- 
i i 


gin, as measured by profit to cost ratio. Thus, in 
general, whether or not producers prefer price in- 
stability depends upon three parameters: (a) the 
price elasticity of supply, (b) the profit margin и, 
and (c) the coefficient of relative risk aversion r. 

If firms are risk-neutral, the criterion (7), and also 
(6), depend solely on the slope of the supply 
curve; and as long as this is positive, it will ensure 
that firms prefer price instability. This, of course, 
was the basis of the Oi results which will continue 
to hold if firms are risk takers (r « 0). However, if 
firms are risk-averse, their preference for instability 
may cease to apply. Indeed, as the degree of rela- 
tive risk aversion increases, so does the firm's pref- 
erence for stability over instability. On the other 
hand, the firm's preference for instability increases 
with both the profit margin и and the supply elastic- 
ity e. For plausible parameter values, (7) could in 
fact be of either sign. For example, if the firm's 
utility function is logarithmic so that r = 1 and the 
profit margin is, say, 20%, so that џ = 0.2, the 
preference for risk will apply if and only if the 
elasticity of supply e > 6. 


? The function V is the analogue to the consumer's "indirect 
utility function," which has proven to be useful in analyzing 
similar problems for consumers; see, for example, Turnovsky, 
Shalit, and Schmitz. 
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Multiproduct Firm 


Consider now a multiproduct, multi-input firm as 
developed within a deterministic context by Pfouts 
and Henderson and Quandt. The firm now produces 
m outputs, the prices of which p = р,,..., p, are 
random and uses n inptts, the prices of which w = 
Wi... , Wp are also random. As in the single out- 
put case, all of these prices are assumed to be 
known prior to production decisions. 

The production process of the firm producing m 
outputs from n inputs is characterized by the trans- 
formation function, 


(8) H(y,s... s Ym Җә... 


where H is assumed to be twice differentiable. It is 
assumed that H is written in such a way that the 
partial derivatives with -espect to outputs у, are 
normally positive, while those for inputs x, are 
normally negative. 

Thus, the firm's objective is now to max u(r). 
where 


(9) 


s Xn) = 0, 


T= Ў ру = У дь 


jm. i21 


subject to the production transformation process as 
expressed by (8). Constructing the Lagrangean ex- 
pression 


m n 
00) L= u| Spor - $ wer 
= 1 i=l 


+ DAA. Yms Xp 5 Ха), 


the first-order conditions for a maximum are 





(Па) Ux +a 22O = 0, 
ду; 
where j = 1,..., m, 
(11b) JU CEA CER = 0, 
Ox; 
where i  1,...,n, together with (8) above, where 


À denotes the Lagrange multiplier. 

The second-order conditions require that the 
principal minors of the bordered Hessian matrix 
alternate in sign. 

Solving the first-order conditions, the following 
solutions for the optimal inputs and outputs are 
obtained: 


m i à 
2 xı = ф (p, w) 
ae y= V (р, +) 
where i = 1,...,n,] = 1,..., m. Substituting 


(12) into т and into the firm's utility function, we 
derive the multiproduct analogue of (5), namely, 


аз) Ute] = U| $ pw (р, w) — Smet (р, w) 


421 ici 


= V(pi, Pere , Wy). 


› Рт» Wise- 
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Expression (13) provides the basis for evaluating 
the desirability of price stabilization for a multi- 
product firm. 

For expositional ease, consider the important 
case where only one of the commodity prices is 
stabilized. Whether or not producers benefit from 
having the price р, stabilized at its mean depends 
upon the convexity/concavity properties of V in 
terms of ру. Following the same procedure used in 
the case of a single-output firm, it can be seen that 


^ [т 2-7 





where є; = 





а a, elasticity of supply of good with 
; Xi 


m 
respect to its own price, œ = руу, / Уру» share of 
ji 
total revenue contributed by good j, and д mea- 
sures the profit margin, as defined above. 

The comments made previously with respect to 
є, и, and r in connection with the single-product 
firm continue tc apply. The interesting difference to. 
note is that now, whether or not a firm prefers price 
instability with respect to a single commodity of the 
many it produces depends, in addition, upon the 
share of the total revenue contributed by this com- 
modity. Thus, the rather strong conclusion can be 
drawn that a risk-averse firm may prefer instability 
in some of the markets for its products and not in 
others. However, as (14) shows, the firm is more 
likely to prefer price instability in those products 
that contribute a relatively small proportion to its 
total revenue. 

To give the above result some real-world sig- 
nificance, consider the Australian and Canadian 
case of marketing wheat. In both countries, market- 
ing boards are the sole sellers of wheat abroad, and 
the prices received by producers for a given crop 
year are pooled, such that each producer receives 
the same price regardless of when during the year 
the product is sold. (Interestingly, such a system 
also has been suggested for the United States.) 
However, in Canada, for crops such as flax and 
rapeseed, prices fluctuate on a daily basis because 
these are sold through the Winnipeg Commodity 
Exchange and not through the Board. Thus, for 
those crops, the timing of sales is crucial for pro- 
ducers. While producers generaly support the 
Canadian Wheat Board in the marketing of wheat, 
recently a vote was taken among grain producers to 
determine if they also wanted a similar marketing 
system for other crops. The answer was no, and 
they argued that price stability through pooling was 
already created for the major crop. wheat, and that 
they wanted instability in nonmajor crops. 


Conclusions 


The results of this paper show that, for a multi- 
product firm, stability may be preferred for some of 
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the products produced but not for others. Also, for 
a single-product firm, price stability may be pre- 
ferred to price instability. These results, given the 
assumptions on which they are based, lend at least 
some support to price stabilization policies. It was 
shown by Massell and Samuelson that socisty can- 
not be made better off by manufacturing price in- 
stability once both consumers and producers are 
taken into account. The results in this paper suggest 
that stability may be preferable even without con- 
sidering explicitly the consuming sector. 


{Received November 1979; revision accepted 
May 1980.} 
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Supply Response and the Dispersion 


of Price Expectations 


Rulon D. Pope 


One of the fundamental problems facing much eco- 
nomic anglysis is the implication of aggregation 
when doing market studies. The conditions for 
exact aggregation under a variety of definitions and 
settings have been studied (Paris and Rausser, 
Theil). The focus of this paper is on supply re- 
sponse in agriculture. Several authors have studied 
the effects of, and tests for, differential supply re- 
sponse coefficients across individuals or areas 
when aggregating firms (e.g., Theil, p. 567). Here, 
these coefficients are assumed to be identical for 
every firm but another problem is examined when 
uncertainty is present. 

It is well documented that farmers have diverse 
price expectations (e.g.. Bessler). The question oc- 
curs as to the effects of such different expectations 
on aggregate supply response. It is found that the 
curvature of the supply function is a crucial compo- 
nent of the analysis. For example, if the supply 
function is strictly concave, an increase in the dis- 
persion of expectations will reduce supply in aggre- 
gate. 


The Aggregation Formulation 

In order to deal with the aggregation question, con- 
sider initially N individuals with supply functions, 
(1) Al = F(P) . N, 


where A! is acreage of the crop supplied by individ- 
ual i, P! is the expectation of price (or relative price) 
for firm i.! The total market response is 


Q) A= YA = YAP). 
i i 


i=l.. 


Equation (2) can be rewritten, letting N* be the 


number of individuals with price expectation, P*: 
5 к. 

(3) А = Y NAPS). 
3=1 


Itis convenient to rewrite (3) by defining g(P*), which 
maps P* into N* or gives the number of individuals 
with expectation, P*. Implicitly, it must be assumed 


Rulon Pope is an associate professor of agricuitural economics, 
Texas A&M University. 

! Here, acreage is used as a supply variable. One also could use 
production when it is nonrandom. When production is random, then 
expected netrevenue per acre may be 1sed in place of expected price 
with acreage as the decision variable. Clearly, (1) as written holds 
other economic variables (e.g., input prices) fixed. 


that $ № and (3) are finite. Let 0 = a, b denote the 


range that Æ can take; that is, a is the lowest and b is 
the highest expected price. 

Assuming alarge number of individuals and bound- 
edness, equation (3) can be written 
(4) А = (| PAP) Ф, 
where g(P) is assumed for convenience to be con- 
tinuously differentiable. Equation (4) can be further 
simplified by assuming that of g(P) dP is finite (and 
without loss of generality) and equal to one.? Thus, A 
is formed by constructing a weighted average in the 
discrete case, g resembles a probability density func- 
tion, and A resembles an expectation for the continu- 
ous case. 


The Implications of Diverse Expectations 


Given the above formulation, consider the effects of 
diverse expectations (i.e., g(P) is nondegenerate). 
By Jensen's inequality (Rao) 


af g(P) AP) dP = f(af P g(P)]aP = f(P*), 


as f" & 0. That is, for concave f in P, A is less than it 
would be if all individuals had price expectation, P*, 
which is the average of all individuals. The converse 
holds for convex f and no effect is obtained for 
disperse expectations in the linear case. Therefore, 
the effects of diverse price expectations (compared to 
the case where all expectations are equal to the 
average) is to reduce (increase) total supply if the 
supply function is strictly concave (convex) in ex- 
pected price. When the supply function is linear, 
diverse expectations have no impact. An attempt by 
government to stabilize price, and presumably ex- 
pectations,.at the average expected price will in- 
crease aggregate supply if the response function of 
each individual is concave. Such response has noth- 
ing to do with risk aversion since presumably each 
firm is risk neutral as only expected price enters 
(1)-(4). It is also apparent that any wave of optimism 
which redistributes the expectations upward from 


2 Since of e(P)dP is finite, one can always define prices such that 
the above integral is unity. Though g is written as continuous, a 
Lebesque-Stieltjes integral may be used for both the discrete and 
continuous cases. Forthe purposes here, little generality seems to be 
lost by assuming a limiting number (со) A” continuously on Q. 
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point a will increase supply. For exemple, supply 
increases are predicted when there is a rumor that the 
support price for grains will be increased even though 
tne new expected support price is lower than P*. This 
is because at least some persons with low expected 
prices raise their expectations. This is apparent from 
(4), since f’ = df/dP > 0. 

Consider next the marginal impact of a mean-pre- 
serving increase in the spread of expectations. Define 
P? = ур + џ for all P. The average price P* will be 
preserved as y increases if P*d»y + ар = бог dp, dy= 
—Р*. Note that 


(4) AP) = Ј A) в(Ро) dP 
= Ife» (7 =) (Р) (уа5), 


where the last equality is obtained through trensfor- 
mation of variables and noting that GP? = ydP with у 
and д fixed. Therefore, differentiating (4') with re- 
spect to y and evaluating at the original distr bution 
gives the response of an average-preserving spread of 
the distribution of P (see Sandmo for a similar proce- 
dure in an entirely different context), 

aA 
(5) Зу” aff'(P) (P — P*) 2(Р) аР. 
It is not immediately clear from (5) whefher the 
marginal response is negative or positive. However, 
integration of (5) by parts yields 


aA lena P m : ù 
€) Se Р | e- P awn all 
~ aff'P) f (t — P*) g(t) а. 
f(b) (Р — P*) в(Р)аР — f'(a) 0 


~ АРВ) ү Bi Ре) g() di 


i 


- Pt Ро e d) aP, 


where the third equality follows ty noting taat aj (P — 
P*) g(P) dP = 0. The square bracketed term in this 
equation is nonpositive since P* = of t g(t) dt. Thus, 
sign f" (Р) and concavity in P implies that a marginal 
increase in the dispersion of price expectations re- 
duces supply. It is also clear from (6) that larger 
values of [/" (P)] imply larger values of дА /ду. Thus 
under concavity, when supply is sharpl’ curved, a 
larger reduction in supply will occur as -ndividuals’ 
beliefs become more disperse compared to the case 
where supply is nearly linear. 

These analytical results suggest a series of test- 
able hypotheses about the supply effects of the dis- 
tribution of expectations and its changes over time. 
However, data on nthe distribution of expectations 
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Yet there is little hope of substantiating this particular 
hypothesis without more data. 

If one considers a Bayesian process where prior 
beliefs are revised by sampling current year’s price, 
then identical priors lead to identical posterior-ex- 
pected prices (see Theil, p. 666). Thus, the disper- 
sion in expected prices is zero. However, if events 
turn out such that each person has the same prior 
mean but different precisions of his expectations, 
then the posterior-expected prices are not identical. 
Presumably, the posterior distribution of the cur- 
rent year is modified by other information (e.g., 
policy announcements) to form the prior for next 
year’s expected price. 

An important lesson is suggested by this exam- 
ple. We expect information to be gathered only 
when we are unsure of the probability distribution. 
For instance, no experimentation would be under- 
taken io learn the probabilities associated with the 
toss ої fair coin. Thus, where there is an active 
information market, this is likely evidence of dis- 
perse expectations and differential information. 
Such information may be especially sought after 
during periods of increased volatility. The essential 
point is that we know little about how priors are 
formed and the nature of the information pro- 
cessed. Thus we can only speculate on the nature of 
the distribution of expectations across individuals 
and how it changes. Yet, a priori it does seem likely 
that an increase in perceived variability in the mar- 
ket leads to greater dispersion in expectations 
across individuals, and, for a single individual, less 
precision in his estimates of expected price. (Per- 
haps one would not expect increased dispersion if 
futures' prices were used to form producer expecta- 
tions. However, the Bessler study suggests sub- 
stantial dispersion of expectations). Thus, one may 
observe supply response due to increased variabil- 
ity of prices but with all firms risk neutral. The 
practical implication here is that increases in infor- 
mation or extension work aimed at better informing 
the ‘‘optimists’’ and ‘‘pessimists’’ (the extremes) 
may increase (or decrease) supply. Such informa- 
tion need only be directed at the first subjective 
moment of price, its expectation. That is, if an 
increased variance of P were to reduce acreage, one 
need not interpret this as evidence of risk aversion. 
As shown earlier, if increased variability of price 
(measured in aggregate, e.g., a distributed lag on 
historical prices) implies greater dispersion of ex- 
pected price across individuals, then aggregate ` 
supply may respond to the variability of historical 
prices—even given risk neutrality. This effect oc- 
curs because some individuals' expected prices are 
altered as the environment gets more risky. Yet, 
each firm in our model is risk neutral and does not 
respond to subjective variance. 

„Зоррове: expected price: is үрчү by two indi; 
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supply is A = 2 x 75 x (3.50): = 318. Consider now 
the case where the first farmer expects price to be $4; 
the other expects $3. In this case, total supply is 
.approximately 317. Thus, an increase in dispersion in 
price expectations leads to areduction in supply. This: 
occurs because when the function is concave, then 
the decrease in supply by the second farmer out- 
weighs that increase in supply by the first farmer. 

The above example can be graphed simply by 
putting the expected prices in frequency form. This 
will halve aggregate supply or normalize it on the 
number of economic agents used in calculating fre- 
quencies. We obtain in the first case a frequency of 1 
for P = $3.50. In figure 1, aggregate supply is given at 
A'(159). In the second case, the frequencies аге © for 
$4 and $3, respectively. All possible frequencies of $4 
and$3 and aggregate supply aregiven by thelineaDB. 
For frequencies of !4, supply is A” (158.5) and the 
distance DC (A' — A") measures the reduction in 
aggregate supply due to disperse expectations. 

Finally, since the results here depend a great deal 
on the curvature of the supply function, a few com- 
ments are in order on that function's shape. The linear 
function is not necessarily consistent with theory 
(Pope). Yet, it may reasonably be considered as a 
first-order approximation of any arbitrary function. If 
the supply curve were linear, an increase in the 
dispersion of expected price (preserving the average) 
would not change supply. Yet, the theory of the 
competitive firm gives us only that aA‘/aPi = 0. 

It is instructive to examine in a very simple case 
the properties of the supply function when it is not 
linear. Since P = MC (A) represents the inverse 
supply function where MC is marginal cost, the 
supply function is given by A = MC (P). Since д? 
А/ЈӘР? = — MC"(A)/[MC'(A)}, it follows that if 
marginal cost is convex (C” > 0), then the supply 
function is concave. 
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Figure 1. Supply effects of diverse expectations 
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The marginal cost function is concave when the 
cost of an additional unit of output increases at an 
increasing rate. In general, this will occur when 
production capacity is strictly limited, when 
strongly diminishing returns are present in the un- 
derlying production function, or if one or more im- 
portant inputs are inelastic in their supply. 


Concluding Comments 


It is clear that the above reasoning can be applied to 
a wide variety of problems in economics. For ex- 
ample, permanent income in consumption theory 
may be uncertain. Its dispersion can affect total 
consumption. In any case, the purpose of this paper 
is to explore the implications of aggregation when 
something in the environment is random. This ran- 
domness leads to diverse ex ante anticipations. 
Though the risk-neutral case is explored here, simi- 
lar results follow for a risk-averse firm. It is particu- 
larly interesting, however, that risk neutrality under 
price uncertainty yields results similar to the supply 
response analysis under risk (e.g., Just) where vari- 
ability is negatively correlated with total acreage of 
a crop (ceteris paribus). An interesting area of fu- 
ture research may involve the relationship between 
the level and dispersion of subjective expectations 
and socioeconomic variables (e.g., Binswanger). 
Such information, coupled with some knowledge of 
the curvature of the supply functions, may help us 
interpret aggregate. supply phenomena in new and 
useful ways. 


[Received January 1980; revision accepted August 
1980. 
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On Implicit Forms of Multiproduct-Multifactor 


Production Functions 


Ron C. Mittelhammer, Scott C. Matulich, and D. Bushaw 


A quest for generality in economic analysis appears 
to underlie the long tradition of the use of inrplicit 
zunctions. However, insufficient attention is ziven 
to weaknesses and limitations of implicit functions 
as they are iraditionally used (e.g., Cohem and 
Cyert, Hadar, Henderson and Quandt, Malirvaud, 
Naylor, Naylor and Vernon, and Samuslson, 
among others). Careless use of implicit functions 
can result in faulty analysis. In particular, clerifica- 
tion of these limitations is needed, especizlly as 
they pertain to the study of multiproduct-multi- 
factor (MP-MF) production processes.! 

This paper is a rigorous examination of certain 
issues regarding implicit functions and MP-MF 
production processes. Because aay relation that 
explicitly determines one argument as a function of 
the remaining arguments can be written in mplicit 
function form, our results also apply to explicit 
function representations of MP-MF procuction. 
The functions examined here are continuously dif- 
ferentiable and can be used as production feasibility 
constraints in a Lagrangian or Kuhn-Tucker analy- 
sis of the MP-MF firm. 

The theory of MP-MF production is relzvant in 
the conceptualization of resource allocation prob- 
lems throughout agriculture. For example. few im- 
portant real-world analyses of agricultural produc- 
tion or marketing operations are single product in 
nature. In fact, in his extensive literature review on 
production efficiency in agricultural processing and 
marketing, French states ‘‘multiple outputs are ef- 
fectively the rule rather than the exception.” Simi- 
larly, MP-MF theory is prominent in the study of 
environmental and natural resource proolems in- 
volving technological externalities. Despite the im- 
portance of the theory, it appears that wcrk to date 
is a collection of special cases of a potentially more 
general theory. It is our hope that this paper will 
stimulate a reexamination of MP-MF >roduction 
theory. 


Ron C. Mit:elhammer and Scott C. Ma-ulich are assistant profes- 
sors of agricultural economics, and D. Bushaw is a professor of 
mathematics, Washington State University. 

Special thanks from the authors go to LeRoy Eogers and the 
College of Agriculture’s administration, Washing on State Uni- 


versity, for their continuing support of basic research on theoreti-_ 


cal issues relevant to the study of agricultural economics. 

! Dano gives one of the most complete presentations of 
multiproduct-multifactor production. While he recognizes several 
limitations embodied in implicit functions, his treztment is not as 
clear and rigorous as deserved. 


Single-Equation, Implicit Function 
Representations 


Let F(Z,,..., 2, Xi, .. . , Xn) be a continuous 
real-valued function defined on the nonnegative or- 
thant in n + p space. Equation (1) is assumed to 
represent a MP-MF production process relating in- 
puts X,,...,X,) and outputs (Z,,... Zp), e.g., see 
Hadzr, Henderson and Quandt, Hicks, Naylor, 
Naylor and Vernon, Samuelson. Here, 


(1) FiZ,,....2,5X,...,X,9-0, 


and will be referred to as the single-equation, im- 
plicit Zunction representation (SEIFR) of MP-MF 
procuction. 

It is generally assumed either explicitly or im- 
plic:ily that, іп a certain domain, F is continuously 
differentiable with respect to all of its arguments 
and that the first-order partial derivatives of F are 
norzero. In this relevant domain, the partial deriva- 
tives 9F/0Z,, i = 1,..., pare assumed to be all of 
one sign, while the partial derivatives 0F/0.X;, j = 1, 

. , п are assumed to be all of the opposite sign. 
Some far-reaching implications of these apparently 
inrocuous assumptions are identified in the follow- 
ing theorem and the discussion that follows. 

THEOREM 1. Under the assumption that all first- 
order partial derivatives of F exist and are nonzero 
in a certain domain, a production process rep- 
resented by 


(2) FW... Wn) = 0 


is such that every differentiable local solution for 
every W; depends actively on all other W,, i # j, in 
tae sense that all aW,/aW, + 0. 

Proof. Let the function F have the assumed 
properties in a certain domain. Then, if W; = w,(W,, 
005 #1, Wir... Wy) is a differentiable local 
solution for И; on some neighborhood N, F[W,, 
eos wu Wy, (W, ыда жй Wi, Wi, Bs ks Wr), 
Was... Wy] = 0 throughout N. Then, for i # j, 
:3/9W;) (05/9W;) + 8F/0W, = 0 on this neighbor- 
acod. Hence, 9W;/90W, = aw,/aW; = 0. That is, 
avery local solution of (2) for И, depends actively 
on all other W’s. The result holds for all j. Q.E.D. 

Applying Theorem 1 to equation (1) results in 
marginal products 8Z;/àX;, marginal rates of prod- 
uct transformation (МЕРТ) 0Z,/@Z;, and marginal 
rates of technical substitution (МЕТ), 9X;/8X;, all 
being nonzero. Furthermore, under the assumption 
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of continuous differentiability, the implicit function 
theorem guarantees the existence of these deriva- 
tives in the relevant domain, and the simple implicit 
function rule of the calculus can be used 
everywhere in that domain to find derivatives 
between the arguments of F as 


8Z,/àX, = – (9Е/9Х;)/(9Е/92,), 
924/97; = —(8F/8Z,)/ (0F/8Z;), and 
8X,/8X, = —(8F/0Xj)/(9F/8X). 


(3) 


The assumption that dF/dZ; and 8F/8X; are of 
opposite sign Ёогапу ї = 1,...,рапіј = 1,...,п 
assures [from (3) ] that marginal products are posi- 
tive, 22,/9Х; > 0, MEPTs are negative, 22;/92; < 
0, and MRTSs are negative, дХ;/9Х, < 0, in the 
relevant domain. 

Given the stated assumptions, the SEIFR (1) 
portrays a very restrictive model of MP-MF 
production—one in which each output depends 
actively on all inputs and other outputs listed as 
arguments of F. Despite this limitation, authors 
have referred to representations of the type (1) 
either explicitly (e.g., Malinvaud, p. 46) or im- 
plicitly (e.g., Hendersan and Quandt, p. 95) as the 
general representation of MP-MF production. In 
fact, the illusion of generality created by (1) has 
resulted in erroneous analysis in the literature. For 
example, consider the МР-МЕ production function 
presented by Naylor, and again by Nayior and 
Vernon: 

(4) F(Z,....Z»Xw...; 

Xn» + * + > Xn) = 0 
where X;, is purported to represent the quantity of 
the ith input used in the production of the Ath 
output, and F is assumed to be continuously 
differentiable with nonzero derivatives in the rele- 
vant domain. The explicit distribution of inputs 
among the various outputs implied by double sub- 
scripting in (4) is meaningless; from Theorem 1, a 
production process characterized by such an 
explicit distribution of inputs cannot be represented 
by (4) under the stated assumptions. Each of the p 
output levels could be directly affected by changing 
any of the input levels, regardless of their subscript- 
ing. Attempts by Naylor, and Naylor and Vernon to 
force explicit distribution of inputs to outputs by 
use of a SEIFR, such as (4), were futile under the 
stated assumptions. 

Samuelson (p. 236) suggested that any number of 
independent constraints cn input-output combina- 
tion could be represented by a single equation F = 
0. For example, a production relation (1) with the 
specific form, 

(5) F(Z, 2%, Xu, Xn, Xs, X») 
= [gi(Zi, Хи, Xa)? 
+ [g2(Ze, Ху, Xa)? = 0, 


is equivalent to the pair 
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gi. Xy, X3) = 0, 
2.(22, Хы, X22) = 0, 


(6) 


where Z, and Z, clearly depend (implicitly) only on 
(X11, X21) and (X;,, X22), respectively. Giving little 
attention to this issue, Samuelson dismissed such a 
representation as ‘‘trivial.’’ Trivial or not, there is a 
compelling practical reason for not using this 
representation—it would require relaxing the tradi- 
tional assumption of nonzero partial derivatives. In 
fact, any such representation with F continuously 
differentiable necessarily results in grad F, the 
gradient vector of F, vanishing wherever F = 0. 
Subsequent use of Lagrangian and Kuhn-Tucker 
methods is invalidated and the implicit function rule 
is rendered inoperable. The vanishing of grad F is 
proved as a special case of theorem 2. 

THEOREM 2. Suppose F,(W,,..., Wm), - 
FW ..., Wm) are all continuously differentiable 
on a domain D, and that there exist p > q indepen- 
dent? differentiable functions g1(W,, . . . , Wm), 

-, Y (Wi... М) on D such that g, =... = gp 
= 0 at every point of D where Е, =... = Е, = 0. 
Then, if J is the Jacobian matrix 9(F,,.. . . , 
F,)/d(W,, ..., Wm), we have rank J < q wherever 
Е i= = F, = 0. 

Proof. Suppose that F,,..., Fy, 01, .. 
satisfy the hypotheses. Then q < т, for in ‘ths 
contrary case we would have (at every point of D) 
the p > q = m linearly independent m-vectors grad 
81, - - - › grad gp, which is impossible. 

Now let W = (W,,..., Wm) be a point of D at 
which F; = = Е, = 0, and suppose rank J = q 
(clearly rank T = q) at W. For concreteness, sup- 
pose that the left-most q х q submatrix of J, a(F;, 

F,)/(W,, ..., Wa) is nonsingular at W. Then, 
by the implicit function theorem, there exists a dif- 








ferentiable local solution (near W) of F, =... = Е, 
= 0 for W,,..., Wë 

W, = fL, ‚.., Wa), 
(7) 

Wa = fa Wor ++ - > И). 
Then, for alli = 1,...,p, 
(8) elhi(Wor E E i Wn), =. жоу 

Sul Wor, € i 85-9) Wa), W, Qti»* ез, у Wr = 0, 

and therefore, for = q + 1,..., m, 

9. af, ag, 
(9) 2g a L= 0, 

2. ЭЎ, aW, aw, * WW, 


In other words, each of the vectors grad g, (at W) 
satisfies the equation (grad g)M = 0, where M is 
the m X (m — q) matrix 


2 In the usual sense that the row gradient vectors grad gi, . .., 
grad g, are linearly independent at every point of D. 
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ӘҺӘ... 8f /9Wy 
for д/с Ea: dfa 8W,, 
1 0. 0 
0 1. 0 
0 0. 1 


whose rank is m — g. Thus the so_ution spece of 


(grad р) М = 0 has dimension q, so the p > q 
vectors grad с, . . . , grad g, must be linearly 
dependent, in contradiction to the assumption. 


Therefore, 3(5, . . . , F)/0(W:, ... , X) is 
singular. The choice of the д х q submatrix of J was 
arbitrary, so rank J < g—that is, J has less than full 
row rank. Q.E.D. 

If one equétion is used to represent the produc- 
tion process as in (1) or (4) and to force тоге than 
one independent functional constraint on th» argu- 
ments of F, as in (5), then Theorem 2, with д = I 
and p > q, implies that the Jacobian (which in this 
case is the row vector grad F) will have тегә rank 
Thus grad F must be the zero vector. Unfortu- 
nately, Lagrangian and Kuhn-Tucker conditions 
are no longer necessary conditions for optimality in 
a problem heving F = Qas a constraint since, in the 
case at hand, the Jacobian matrix of the constraint 
functions will have the zero row grad F as оле of its 
rows, and thus will be less than full row rank.? In 
addition, with grad F = [0], the us2ful implizit func- 
tion rule [e.g., see Henderson and Quandt, Chiang, 
and recall (2) ] cannot be used to define de-ivatives 
anywhere. 

Unless it were completely unavoidable, it woud 
seem that most economists would prefe- not :o 
invalidate the familiar Lagrangian or Kuhn-Tucker 
methods, aad to maintain the availability of other 
useful tools of the calculus in the general fnnctioral 
representat.on of MP-MF production. Fortunately, 
such a representation of MP-MF production is 
available, naving the ability to depict processes 
other than those for which each output is affected 
directly by the levels of all inputs and other outputs. 
This generalization is examined in the next section. 


Vector-Equation, Implicit Function Representation 


In this section we present the canonical form of the 
vector-equation, implicit function reprssentation 
(VEIFR) of MP-MF production. More than эпе 


3 Full row rank of the Jacobian matrix of the cor straint fanc- 
tions is a requirement for Langrangian and Kuhn-Tucker condi- 
tions to be necessary for characterizing optimal solutions. This is a 
version of the constraint qualification ofien discussed in con unc- 
tion with Kuhn-Tucker methods. In particular, in prcblems having 
both equality and inequality constraints, the Jacotian matrx of 
interest consists of the gradient vectors of the functions invelved 
equality corstraints, and the gradient vectors of the functions 
involved in binding inequality constraints. For further details, see 
Bazaraa anc Shetty, chapter 5. 
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independent functional constraint on input-output 
combinations can be accommodated without in- 
validating Lagrangian or Kuhn-Tucker methods. 
However, derivatives between problem arguments 
will generally no longer be derivable using the sim- 
ple implicit function rule method, but will require a 
more general method of derivation. In addition, the 
interpretation of these derivatives generally differs 
from traditional interpretations. 
The VEIFR of MP-MF production is 


FyiZ.....Z,X,..., Xn) = 0, 
(10) 
F.(Z,...,2, Xy ..., X) = 0, 
rzn-p. 


Each F; is assumed continuously differentiable, and 
some (r X r) submatrix of the r x (л + p) Jacobian 
matrix of (10) is nonsingular in the relevant domain. 

The VEIFR can be written more compactly in 
vector function form as 


(11) F(Z, X) = [0] s.t. rs n + pand pV) =r, 
ex) (кх 0) 
where 
J = [aF/dZ : aF/aX], 
dF /aZ = дЕ,/22; ©, . OF ,/dZ, 
9F,/0Z, ... aF,/aZ, | , 
F/aX = 0F,/8X, $us OF ,/dX,, 
9F,/0X,... 0F,/0X,| , 
2 = (21, MORE ‚2),Х = (Xi, EM! , Xn), and p(J) m d 


states that the rank of J is r in the relevant domain. 

Up to r = n + p, independent constraint equa- 
tions can be accommodated in this mathematical 
representation of production. The full complement 
of input and output variables need not appear as 
arguments of all r-functions in the representation; 
each is listed as an argument of all functions for 
convenience only. An argument may be effectively 
deleted from a function when the derivative of the 
function with respect to the argument is assumed to 
be identically zero. Since F(Z, X) is assumed con- 
tinuously differentiable, and because p(J) — r, there 
is nothing inherent in the VEIFR that would invali- 
date the Lagrangian or Kuhn-Tucker conditions in 
an economic optimization problem using the 
VEIFR of MP-MF production as a feasibility con- 
straint. 

When r > 1, interpretations of derivatives be- 
tween arguments of F and methods for deriving 
them can be troublesome. For simplicity and con- 
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sistency with the notation of the theorems rewrite 
(1) as 


FLW, ..., Wm) = 0 
(12) | : ; 
Р, 22, Wa) = 0 
(r = т). Suppose we wish to assign a meaning to 


aW,/aW; at a point W = (W,,..., Wm) where the 
equations (12) are satisfied. This ordinarily would 
be taken to mean the rate of change in W; when W; 
changes and all the other entries in W are held fixed. 
However, it may be impossible to hold m — 2 of the 
arguments in (12) fixed without forcing the other 
two to remain fixed also—or violating (12). For 
example, let W, — W, = 0, №, — Wy = 0. As soon as 
the value of any one argument is fixed, so are those 
of the others. 

A more subtle attack on the problem uses the 
implicit function theorem. Again, assume that the 
functions F,(k = 1,...,r) are continuously differ- 
entiable and that their Jacobian matrix at W has 
rank r. Suppose there exist r — 1 indices kz, . . . , А, 
between 1 and m inclusive, not including i and j 
(this implies r < m), such that the r x r submatrix 
M of the Jacobian matrix corresponding to the vari- 
ables W, W,,, ..., Wk, is nonsingular at W. To 
make the rest of the discussion more specific, but 
not less general, we shall assume i = 1, kz = 2,..., 
к. = r, andj = m. Then, on some neighborhood of 


(Wrst, «+» Wm) in (m — r)-space, the equations 
(12) may be solved uniquely for W,, ..., W,: 
Wi = Oi (Wm ..., Wm) 
(13) | К. 
W, = Ө„(#ы,..., И), 


where the continuously differentiable functions Ө, 
satisfy €,(W.,,, ..., Wn) = Wilk =1,...,7).In 
particular, aW,/aW, (equal to aW,/dW,,) may now 
be unambiguously interpreted as the value of 
830,/0W, at (Ws, ..., Wm). This derivative also 
may be found directly by differentiating implicitly 
in (12) with respect їо Wn, treating W.i4, ... , Wm 
as the independent variables, and solving the result- 
ing linear equations, perhaps by Cramer’s rule. The 
assumption that the submatrix M is nonsingular 
guarantees that there is a unique solution. This pro- 
cedure might naturally be described as the gener- 
alized implicit function rule. 

The point, however, is that the interpretation of 
aW,/'aW, obtained in this way is not as unambiguous 
as it may at first appear, because it depends, in 
general, on the choice of the indices ko, . . . , kp. 
That this dependence can be genuine is illustrated 
by the following simple example: Let r = 2, m = 4, 


FW) = W, + М, – W; ~ Ws, 
F,(W) => W, F 5W, — 2WA = 3W,, 
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and W = (1, 1, 1, 1). AIL 2 x 2 submatrices of the 
Jacobian matrix are nonsingular. Then depending 
upon whether k, is chosen to be 2 or 3, the gener- 
alized implicit function rule yields % or —1 as the 
value of 39W,/0W, at W. 

Under the not untypical circumstances just 
exemplified, one might use a symbol such as 
aW;,/aW|(W.,,..., И.) to distinguish the differ- 
ent possible interpretations of the partial derivative. 
Each depends on the choice of variables that are 
treated as dependent [implicitly defined by (12)] 
along with W,. These derivatives might reasonably 
be called conditional partial derivatives. 

In the case r = 1, the ordinary implicit function 
rule yields at most one value of dW,/aW;, so the 


problem we have just discussed does not arise. In 


general, as many as (m — 2)/[(r — 1)!(m — r — 1)!] 
values may be produced by the generalized implicit 
function rule; just how many depends on which r X 
r submatrices of the Jacobian matrix are nonsingu- 
lar. 

Additional properties and possible uses in eco- 
nomics of the conditional partial derivatives await 
further study. For the purposes of this paper, it is 
sufficient to have observed that they arise naturally. 

Of course, the proliferation of conditional deriva- 
tives can be avoided by placing more stringent as- 
sumptions on the VEIFR. In his seminal work on 
the theory of the firm under MP-MF production, 
Pfouts assumes that the MP-MF production relation 
is a collection of p technically unrelated production 
functions, 


Fi, Хи, ж: (Xa) 
(14) 
F,(Zp, Х\ь, a Хале e$. Xp) 
= 21 fi(Ku,.--,Xu) = 0, 
= Z- fo(Xy, ee’ Xw) = 0. 


The Pfouts model places rigid assumptions on the 
entries in the J matrix that result in unique marginal 
products, 22,/9Х;, and unique MRTs, 0X;;/0X,;, 
being defined. All other derivatives vanish. 

The specific VEIFR (14) has the property that 
input quantities are explicitly allocated to the pro- 
duction of specific outputs, which was a property 
that the debilitated analysis of Naylor, and of 
Naylor and Vernon, was attempting to incorporate. 
Their Kuhn-Tucker analysis could be salvaged, 
mutatis mutandis, if the p-entry VEIFR (14) were 
substituted for their SEIFR (4) of MP-MF produc- 
tion. Theorem 2 makes clear that no less than 
p-equations could be utilized in the representation if 
Kuhn-Tucker methods were to be subsequently 
utilized, as their analysis requires. 
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Conclusions 


The results of this paper indicate that the apparent 
generality of tte SEIFR of MP-MF production is 
only an illusion when a few traditional assumptions 
concerning differentiability of F and nonvanishing 
of partial derivatives are added as properties of the 
iunction. A VEIFR was examined which is more 
versatile. However, the VEIFR pres2nts new prob- 
lems in the derivation and interpretation of dariva- 
tives usually v.ewed as marginal products and rates 
of product trensformation and technical substitu- 
tion. 

Twenty yezrs after Pfout's seminal work it ap- 
pears the proiession has yet to provide a general 
Lagrangian or Kuhn-Tucker analysis of the theory 
of the firm under MP-MF producticn. Work -o date 
seems to be a collection of special cases of a poten- 
tially more general theory. 


[Received August 1979, revision accepsed 
Мау 1980.] 
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Subjectivity in Ex Ante Research Evaluation 


C. Richard Shumway 


А 


This essay is а critique of research evaluation re- 
search. The argument has three main points. First, 
considerable evidence exists that agricultural re- 
search conducted during the era when projects 
were chosen by diffuse selection systems yielded 
extraordinarily high returns. Second, it is not obvi- 
ous that formalized, quantitative, and centralized 
selection models can be expected to produce higher 
contemporary returns than decentralized informal 
mechanisms. This is because all ex ante evaluations 
are intrinsically subjective, regardless of the tech- 
nique used. Third, the extreme uncertainty sur- 
rounding the nonrepetitive, new-knowledge pro- 
duction function further limits the potential of the 
sophisticated selection procedures. Perhaps of 
greater importance, however, are the high costs 
imposed by these procedures in terms of scientists’ 
time, morale, and ''artistic" research tool decay. 


Purpose of Research Evaluation 


Partially in response to the increasingly heavy 
pressure from federal and state governments for 
more detailed planning, evaluation, and account- 
ability of public research resources and partially out 
of a basic academic interest among diverse scien- 
tists, much effort in recent years has been invested 
in devising new methods for evaluating public ag- 
ricultural research. To wit, three symposia have 
been devoted to the subject, resulting in the publi- 
cation of two books (Fishel; Arndt, Dalrymple, 
Ruttan) and a forthcoming proceedings of the most 
recent conference.! 

Reasons for wanting to evaluate research range 
from measurement of the historical rate of return 
for research investments to assessment of the 
influence of various organizational participants on 
research selection and conduct. However, just as 
the many and diverse intermediate objectives of 
economic research ultimately funnel into the over- 
riding end goal of improving predictive perfor- 
mance, so the major objective of research evalua- 


C. Richard Shumway is a professor of agricultural economics, 
Texas A&M University, and visiting scholar, Department of Eco- 
nomics, Harvard University. 

Technical Article No. 16033 of the Texas Agricultural Experi- 
ment Station. 

The author is indebted to Bruce Beattie, John Hopkin, Dudley 
Smith, Willis Peterson, and an anonymous Journal reviewer for 
significant helpful suggestions on an earlier draft of this paper. 

1 Symposium on Methodology for Evaluation of Agricultural 
Research, Minneapolis, May 1980. 


tion research condenses to improving predictions of 
costs and benefits of future research. The ultimate 
practical objective of all this work is purely ex ante, 
i.e., to provide relevant information for future fund- 
ing decisions. Determining the productivity of past 
investments would be mainly academic, since those 
costs are sunk, except as information is provided, 
which is also relevant for making variable cost (i.e., 
present and future) decisions. 


Do We Need Formal Ex Ante Analysis? 


Ex ante evaluation of research alternatives is not a 
new concept. It has always been conducted in some 
fashion at one or more levels in the research organi- 
zational hierarchy. Historically, the major assess- 
ment of project alternatives has been made by the 
individual scientist acting as an entrepreneur on 
behalf of his own professional life. Administrators 
have reviewed proposals submitted by scientists 
and approved, disapproved, or modified them, but 
the major administrative roles have been more in 
trying to increase total funding and in selecting sci- 
entists who would be with the organization for ex- 
tended periods than in selecting individual projects. 
Of course, the role of administration varies from 
organization to organization, but few have im- 
plemented formal, systematic evaluation proce- 
dures for quantitatively measuring the worth of one 
research area against another. 

The justification for proposing a change in the 
way ex ante research evaluation is conducted must 
ultimately rest on one of the following perceptions: 
(a) the current system is not working well; or (b) 
some evidence exists that even though the current 
system is working well, it could do significantly 
better with a change.? Let us investigate briefly 
whether there are sufficient grounds for either per- 
ception in agricultural research. 

Importantly, the historical rate of return on ag- 
ricultural research investments provides valuable 
information relevant to the first possible justifica- 
tion for change. Although some assumptions under- 
lying the various models can be challenged and 
some of the data used are disquietingly shallow, the 
high rate-of-return estimates are profoundly robust. 


? A reviewer suggested a third and perhaps the most common 
reason for proposing a change in ex ante research evaluation— 
budget appropriators insist on a change in the evaluation process 
before they will appropriate. Actually this is merely a symptom 
that the appropriators have one of the two perceptions identified in 
the text. 
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Nearly all studies have estimated a historical rate of 
return to agricultural research investments in ex- 
cess of the average return on industrial capital in- 
vestments (see Evenson, Waggoner, Ruttan, p. 
1103). This is trce not only for studies of aggregate 
U.S. agricultural research investments, but also of 
U.S. regional investments, foreign investments, 
and commodity-specific investments. Consequent- 
ly, unless equity costs of such research have 
b2en extremely high, the only plausible conclusion 
from the rate-of-return studies is that there has been 
general underinvestment in agricultural research.? 
Some evidence exists that the rate of returm on 
aggregate U.S. agricultural research investments 
may be decreasing with time (see Peterson and 
Fitzharris, p. 78; Evenson, Waggoner, Ruttaa, p. 
1103), but the most recent estimates are stll in 
excess of 2096 per year. Thus, underinvestment in 
agricultural research is still apparent. 

With such high estimates of historical rates of 
return, it is difficult to argue logically that the seem- 
ingly loose ex ante evaluation procedures used in 
the past have not worked well. So the first justifica- 
tion for arguing a need for change must bs dis- 
missed. 

Arriving at a clear conclusion concernirg the 
second justification is not so easy. It is a truism that 
we can always do better. Unfortunately that :ruism 
has little practical value. We are not working with 
optimum versus suboptimum, because іп ex ante 
evaluation the optimum is indeterminate. There is 
simply too much uncertainty in the nonrepetitive, 
new-knowledge production function. The primary 
issue in our evaluation of ex ante evaluation proce- 
dures is not whether some bad projects have been 
funded in the past or whether more will be in the 
future. It is fundamentally whether we will dscrease 
the errors and increase the total payoff from re- 
search effor:s by changing the evaluation proce- 
dure. . 

Arguments in favor of a change often focus on the 
benefits of ‘‘systematic’’ evaluations and greater 
“objectivity.” Many of the proposed alternative 
evaluation procedures are clearly systematic. They 
permit categorizing, ordering, comparimg, and 
summarizing data in ways that are internally consis- 
tent and thus systematic. The question is whether 
they permit any greater objectivity than the evalua- 
tion methods used historically. 


Role of Objective Data in Ex Ante Analysis 


Obiectivitv is_obviousl ferred omen h Tisi i | 
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easily defended. It is easier to convince another 
person of the truth of objective rather than subjec- 
tive observations. Since the future is unknown and 
highly uncertain, the only objective data are histor- 
ical observations. Because methods for measuring 
the historical research performance have received 
considerable attention, the use of such historical 
data is a logical place to begin. If it is possible to 
correlate with confidence historical research per- 
formance with future research payoff at a very 
micro level, our evaluation procedures could intro- 
duce a measure of objectivity that would increase 
their administrative value considerably. 

Within the profession, there is considerable ex- 
pectation that a scientist who has proved to be 
highly productive in the past is a good risk for 
future investments of support funds. Although ex- 
amples to the contrary abound, there is strong sen- 
timent that historical performance of a scientist is a 
useful tool for predicting future productivity. Thus, 
funding agencies continue to invest a large share of 
their money with proven researchers. There ap- 
pears to be little risk that investments in a Samuel- 
son or a Friedman will not pay rich dividends. 

Unfortunately, no research organization is made 
up of all Samuelsons and Friedmans. Few have 
even one. How then can these administrators take 
advantage of historical information to help them 
determine which additional research areas to pro- 
mote and which to reduce? 

I have previously proposed a set of four sufficient 
cenditions that would permit the use of historical 
incormation at the research area level in objectively 
predicting future payoff (Shumway, p. 192). The 
conditions are: (a) Proposed projects are competi- 
tive for available resources. (b) Research technol- 
ogy used on each historical and proposed project is 
oi comparable quality for its time. (c) The produc- 
tion function for new knowledge discovery is 
characterized by an S-shaped (stages 1 and 2 only) 
production function. (d) Each project represents a 
small movement along the knowledge production 
function. 

These four conditions are sufficient to establish 
an orderly relationship between past and future re- 
search payoff. I have made a defense for each con- 
dition, but the defense for conditions (3) and (4) 
zemains the weakest. The likelihood that the new 
knowledge production function is anything close to 
a smooth S-shape seems quite low. À less restric- 
tive concave production function would still be 
Sufficient, but it would have to be reasonably 
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even most, of the applied research of any state or 
federal agricultural research unit is quite low.* 

It is true, for example, that breakthroughs in hy- 
brid corn research have had important effects on 
hybrid grain sorghum and wheat research. But what 
has been the payoff from recent genetic research on 


corn? The marginal physical product of genetic re- . 


search on corn could be characterized more as a 
few important blips (¢.g., male sterile techniques, 
upright leaves, and high Ivsine varieties) and one 
huge blip (hybrids) than as anything close to a 
smooth function. 

While hard scientific data on the subject are lack- 
ing, a few case studies document the need to be 
cautious about overestimating the value of objec- 
tive data for the ex ante funding decision. It appears 
unlikely that my sufficient conditions will prove 
very useful. Unless someone identifies another set 
with a considerably higher likelihood of being met, 
objective data will continue to play a minor role in 
ex ante research evaluation. 

Many casual observers, including some research 
administrators and even some analysts, mistakenly 
attribute objectivism to certain evaluation tech- 
niques. The fallacy is in equating objectivity with 
quantifiability. Many techniques do use quantita- 
tive and/or qualitative inputs and provide quantita- 
tive evaluation outputs, but all ex ante research 
evaluation procedures are inherently subjective. 
The only difference is where subjectivity enters and 
how it is processed. 

With Q-sort, subjectivity is imposed by the ad- 
ministrator at the highest level of abstraction in 
grouping projects into categories of similar overall 
worth. With scoring models, subjectivity deter- 
mines the specification and weighting of criteria and 
the categorization of each project relative to each 
criterion. Only the computation of the overall score 
proceeds іп an ''objective" fashion (Moore and 
Baker). With ex ante benefit-cost and rate-of-return 
estimates, subjectivity is also inherent in the esti- 
mates of both research benefits and investment 
costs (e.g., Araji, Sim, Gardner). The predicted 
benefit-cost ratio and the rate-of-return estimate are 
quantified, but they are nonetheless subjective. 
Formalized optimization models (e.g., Shumway 
and Hwang) rely on subjective evaluations of the 
relative importance of objectives, expected 
achievement of objectives, probability of success, 
and expected cost. Even Rausser et al.’s recently 
proposed four-stage evaluation procedure is based 
almost exclusively on subjective data. 

The only contributions any of the formal ex ante 
evaluation techniques can make, whether used at 
the micro level of the project or at some aggregated 
level, are to (a) permit a formalization of the role of 


4 It is likely that the research production function becomes more 
stable with increasing aggregation since successes and failures on 
individual projects tend to average ovt. However, uncertainty 
remains great even at the broad research area level, and pressures 
for more systematic ex ante evaluation procedures extend to much 
lower levels. 
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subjectivity, (6) suggest collection of objective in- 
formation on which to base subjective assessments, 
(c) insert subjectivity in forms that are most 
natural, and (d) process subjective data systemat- 
ically in order to feed back information relevant to 
the funding decision. They cannot make objective 
outputs from subjective inputs, no matter how pre- 
cise and elegant they appear. Consequently, the 
legitimate role of subjectivity in ex ante evaluation 
needs to be recognized clearly and respected. 


Assessment of Formal Ex Ante Evaluation 
Procedures 


It is evident that many of the formal evaluation 
procedures are systematic. It is not clear that they 
are any more conducive to objectivity than the 
commonly used methods cf evaluation. The fact 
that systematic evaluation procedures have been 
recommended to research administrators for at 
least fifteen vears and few have implemented them 
is strong prima facie evidence that their current 
costs outweigh their perceived benefits.’ 

A quaint but relevant comparison is that if a car is 
broken, the mechanic tries to fix it. However, if it is 
running well and is getting better gas mileage and 
emits fewer pollutants than other comparable cars, 
he leaves it alone. He does not overhaul it until he 
has some evidence that it will then perform better. 

The agricultural research establishment is not 
perfect, but it bas performed well in the past without 
formal ex ante evaluation techniques. Further, 
there is no convincing evidence it will perform any 
better in the future with them. A heavy burden of 
proof that administrators need sophisticated and 
formalized ex anre research evaluation systems still 
rests upon the svstem developers. 


Administration-Scientist Synergism 


It is entirely possible that efforts to develop rele- 
vant evaluation techniques have focused on the 


5 This is not to say that such rejection is sufficient evidence to 
discontinue research cn alternative management techniques. The 
management and information sciences are still in their infancy, 
and their innovations face generally low rates of adoption in many 
fields. 

$ [ am indebted to Willis Peterson for adding a caution regarding 
the evaluation procedures used by NSF, NIH, and many other 
research-funding agencies that are formalized and systematic only 
in the sense that they rely on formally requested peer reviews. 
“One should raise the question whether outside evaluators . . . can 
be expected to give a very good estimate of the probability of 
success of a project, and if it is successful how much the new 
knowledge which is produced will be worth to society. Even the 
evaluation of peers should not be assumed со be superior to the 
assessment made by the person submitting the proposal. It usually 
is assumed to be superior, however, because the final decision to 
fund a project generally is based on peer review and the project 
author rarely has a chance to reply to the review. If the reviewers 
do not happen to be working in exactly the same area or if they are 
partial to a different approach, many potentially successful proj- 
ects could be rejected." 
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wrong person. Administrators must make prcject 
selection decisions. But the alternatives they select 
from are formulated mainly by scientists, no: by 
administrators. The organization must have pro- 
rosals generated by imaginative, capable scier tists 
who are well attuned to the problems of the p.iblic 
and the respective disciplines. Otherwise, adnsinis- 
trators have only hollow project selection decisions 
то make. 

A serious potential risk emanates from a] the 
attention given to systematic and rizorous ex ante 
research evaluation. It is possible that greater ad- 
ministrative intervention in project selectioa will 
lead to submission of a larger number of pro»osals 
but with lower quality research to te conducted on 
all of them. The larger number of proposals permits 
administrators to exercise their responsibility of 
decision making. But, will the quality and quantity 
of research conducted by the organization be as 
great as when performed by well-motivatec scien- 
tific entrepreneurs unencumbered by either the 
paper requirements or the annoyance of organiza- 


tional demands for ex ante evaluation and ex post: 


accountability? 

Unless the research organization is going to 
change scientists more often than any do row, the 
only relevant research alternatives are those that 
can be pursued by existing scientists plus a few new 
ones. Therefore, the appropriate place to begin the 
evaluation process is with the scientist. How can 
this entrepreneur be helped to select projects with 
high potential payoff? 

Problem selection is generally the most important 
and most difficult part of inqui-y. It is important 
because it delimits the range o? investigation and 
establishes upper limits, althougn undefined, on the 
potential payoff of the inquiry. 7t is difficult largely 
because there are no formal rules by which scien- 
tists can learn to ask significant questions leading to 
the recognition of significant problems. The ability 
to formulate important problems whose solution 
may also help solve other problems is often consid- 
ered to be a rare gift. 

Yet, some relevant guides can be identified to 
assist this learning process and sharpen the subjec- 
tive perception of relevance. Sources of valuable 
signals must be cultivated, rational thought pro- 
cesses must be used in serious evaluation, and sub- 
conscious intuition must not be thrott'ed. 


Research Priority Signals 


Only a weak economic ma-ket exists for public 
research products since few products are sold and 
most are placed in the public domain at little or no 
charge to the user. However, an obvious source of 
research priority signals is still the market system. 
There is a strong economic market on the resource 
side of research, i.e., the job market. Bids and 
offers for particular scientists largely reflect a per- 
ception of the relevance, cuality, and quantity of 
their work. While such offers are determined 
primarily by intermediate -еѕеагсһ products (i.e., 
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publications), they are proxies for anticipated value 
of the final products to society. 

Market signals also come from the user in the 
form of legislative support or lack of support for 
research budgets. if the political processes work 
smoothly, legislators will reflect the attitudes of a 
majority of their constituents. Thus, the budget 
message is an economic signal from the end- 
product market to research administrators. Ad- 
ministrative priorities in turn become proxies for 
public preferences. 

While these economic signals are important, they 
are not sufficient for ex ante evaluation because 
either they are not sufficiently specific or they are 
based on assessments of work already completed. 
Additional sources of signals need to be cultivated. 
Strong two-way bridges of communication between 
research and extension are important to permit flow 
of current societal priority signals to researchers as 
well as new knowledge to users. The scientific 
community has a responsibility also to address 
problems not yet faced by society and to build the 
theoretical structure and analytical tools to deal 
with them when they do occur. Reading, profes- 
sional meetings, and interaction with other scien- 
tsts can hone the scientists' perception of such 
theoretical research priorities. 


Project Selection by the Scientist 


With good communication among colleagues, com- 
petent scientists always will be aware of far more 
interesting and important research problems than 
can possibly be addressed. The next challenge is to 
propose a set of prioritized projects to the adminis- 
tration that the scientist considers to have the high- 
est payoff. It is unlikely that the scientist will find 
quantitative evaluation models useful for this pur- 
pose, but a few simple questions might be helpful. 
For example: 

(a) Who is your clientele? 

(b) What are your priorities as to audience ser- 
vice (e.g., policy makers, researchers, farmers)? 

(c) To whom is the problem important? 

(d) To how many is the problem important? 

(e) How much benefit will the clientele receive if 
this problem is solved? 

(f) Do you have the analytical tools to conduct 
the research? 

(g) What is the likelihood that your research ef- 
fort will provide (or at least contribute to) a solution 
to the problem? 

(h) What are the expected research costs (money 
and time)? ` 

(i) What are the expected implementation costs? 

No weights are suggested. Answers to these or 
similar questions help to identify weak links in the 
proposed study and promote communication be- 
tween scientist and administrator. It is possible that 
the scientist's answers to questions (a) and (b) may 
be different than his administrator would like them 
to be, but explicitly defining them can be valuable in 
uncovering differences that could remain undefined 
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and become a source of confusing interaction be- 
tween the two. 


"Artistic" Considerations 


Because identification and pursuit of significant re- 
search problems is not an exact science, the role of 
nonobjective research tools also needs to be ad- 
dressed. In a recent article, Ladd identified some of 
the most frequently used, versatile, and valuable 
research tools, none of which lend themselves to 
formal incorporation in a quantitative ex ante proj- 
ect evaluation model. They include the subcon- 
scious mental processes of imagination, intuition, 
and hunch, the unpredictable role of chance and 
serendipity, and the stimulating effects on the sub- 
conscious and on research efficiency from writing. 
These artistic tools probably are at least as impor- 
tant to productive research as are the orderly and 
systematic thought processes. Consequently, 
whatever procedures are considered to assure ex 
ante evaluation and ex post accountability ought to 
be weighed carefully against any possible negative 
impact on these valuable research tools. 


Conclusions 


Five concluding recommendations are drawn from 
this attempt to elaborate the relevance of subjectiv- 
ity in ex ante research evaluation: 

(a) Let us be realistic about the contribution for- 
mal research evaluation techniques can make. No 
more should be promised than can be delivered. 
Quantification is not synonymous with ‘‘better.’’ 
Negative impacts on scientist morale, ambition, 
and imagination must be weighed carefully against 
any expected benefits from increasing the planning, 
evaluation, and accountability functions of the or- 
ganization. 

(b) Because the search for new knowledge is 
laden with heavy risks and many dead ends, it may 
be unwise for a research organization to establish 
a single, overriding objective. An individual re- 
searcher may be single-minded, but perhaps the 
organization should deliberately be a little schizo- 

` phrenic and simultaneously pursue conflicting goals 
in order to be prepared for changing conditions. 

(c) The prominent place of subjectivity in ex ante 
evaluation needs formal recognition and respect. 
Just as quantification does not mean better, neither 
does it imply objectivity. Any ex ante evaluation is 
intrinsically subjective. Objective historical obser- 
vations may be relevant, but the linkage between 
past and future knowledge generation is suf- 
ficiently weak to require gross subjective syn- 
thesis and assessment. 

(d) Instead of worrying about dividing an existing 
pie among many competitive alternatives, let us 
concentrate on educating administrators how to use 
historical data relevantly. Historical rate-of-return 
estimates are sufficiently high and robust to imply 
that the major deficiency has not been in allocation 
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but in level of overall investment. It seems clear 
there has been public underinvestment in agricul- 
tural research. 

(e) The role of the individual scientist in ex ante 
evaluation warrants considerably more attention. 
Without his/her generation of ideas and aggressive 
pursuit of interesting problems, the research orga- 
nization would stagnate regardless of the valiant 
efforts of the administration. The scientist is the 
first and most important participant in the research 
evaluation process and is fundamentally concerned 
with and involved in project selection. Evaluation 
techniques which do not recognize that crucial link- 
age or which demand additional effort from the 
scientist in documentation and accountability for 
the system's sake are doomed to dismal failure. 


[Received June 1980; revision accepted October 
1980.) 
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Choices and Consequences: - 


Richard Green and Zuhair A. Hassan 


King in his July 1979 presidential address to the 
Association discussed some problems facing 2con- 
omists in the selection of a proper analytical ap- 
proach and the evaluation of consequences from 
these choices for decision makers. To illustrzte his 
points, he cied works by Green, Hassar, and 
Johnson; and Hassan, Johnson, and Finley. Three 
areas of major concern were mentioned: (a) ormu- 
lation of hypotheses tests, (b) changing elas:icities 
over time, ard (c) the relationship between price 
and income elasticities in complete demard sys- 
tems. In this comment we respond to the fizst and 
third problem areas in demand analyses as iden- 
tified by King. The objective is to place some of the 
critical statements in perspective. A discussion of 
changing elasticities can be found in Hassan, 
Johnson, and Finley, and the subsequent exchange 
with deJanvry.! 

The literature contains a number of studies re- 
porting on the estimation of utility-functicn-based 
demand systems, such as the indirect addilog 
model, the translog model, and the linear expendi- 
ture system (LES). Each system is not without its 
limitations, and there are associated costs with 
choosing any complete demand system. Tre trans- 
log system, for example, is data-demandinz since a 
large number of parameters must be estimeted. The 
LES and the indirect addilog, on the other лапа, are 
derived from additive utility functions. This behav- 
ioral restriction implies strong restrictions on sub- 
stitution possibilities, Of course, the selection of 
the model must be guided by the benefits and costs 
weighed in the context of the problem at hand. 

The ‘‘take-home message” of this discussion is 
that in applied work, the choice of any model im- 
plies certain undesirable consequences for the user. 
And in particular, in applied demand analyses, 
whether to use a single-equation approach or a sys- 
tems approach and which alternative functional 
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! At issue was the question of whether the models were approx- 
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changes in elasticities implied by the grossness of the approxima- 
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changing elasticities. 


Comment 


representation to employ is a judgmental decision 
that always leaves the economist in a vulnerable 
position. The hope is that the authors conducting 
the research are aware that models are to be used, 
not believed (Theil, p. vi). 

Referring to King’s specific criticisms, we con- 
sider first the question of proper hypothesis formu- 
lation. Instead of testing that the marginal budget 
shares are equal to zero, King suggests that a more 
proper test would involve whether the marginal 
budget shares (MBS) differ from the average 
budget shares (ABS) at the mean or otherwise spec- 
ified income levels. This information is already 
available in the estimated income elasticities since 
they equal the ratio of the marginal budget to aver- 
age budget shares. A value of the income elasticity 
greater than one implies that the MBS is greater 
than the ABS and a value less than one implies the 
reverse. Thus, information equal in quality to that 
provided by King on this hypothesis can be ob- 
tained simply by inspection of the magnitudes of the 
income elasticities. The tests called for, however, 
require more rigor than is implicit in the data pre- 
sented. More specifically, standard errors asso- 
ciated with the income elasticities must be calcu- 
jated, and in some complete demand systems the 
variances of the sampling distributions of elas- 
ticities have not been explicitly derived. An investi- 
gation of their statistical reliability through formal 
tests of significance is then hampered to a large 
degree. 

Perhaps the most serious limitation of the LES, 
which was pointed out by Deaton, is the approxi- 
mate relationship of proportionality between in- 
come and price elasticities. This property is re- 
ferred to as Pigou's Law because he was the first 
one to discover the relationship for additivity de- 
mand models. King (p. 845) states that, from this 
relationship, it can be demonstrated that the LES 
requires income elasticities to be larger than price 
elasticities, and the latter must lie between 0 and 
—1.0. Neither one of these assertions is true. If 
negative marginal budget shares are allowed—and 
Deaton (p. 30) does not rule this out a priori, al- 
though he recognizes it creates some difficulties—it 
is possible that negative income elasticities can be 
obtained that are algebraically less than price elas- 
ticities. However, these conditions would imply a 
violation of the nonsatiety axiom of demand theory 
(Powell, p. 38). An anonymous reviewer also 
pointed out that it can be shown that the LES can 
produce elasticity estimates comparable to Wold and 
Jureen’s rule if some or all of the minimum subsis- 
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tence quantities, y;, are negative. In addition, price 
elasticities in the LES can be greater then one in 
absolute value if the ‘‘minimum subsistence qual- 
ity," у is negative. Theory does not rule out a 
negative value for у;, and negative estimates for у; 
have been obtained under certain conditions. But 
the most important consideration is how serious a 
consequence does this property of the LES inflict 
upon empirical results? Does this make the static 
LES completely unusable for food policy evalua- 
tion purposes, as King (p. 846) suggests? Let us 
explore this question a bit further. 

King comments that earlier works of Brandow, 
Waugh, and George and King found price elas- 
ticities for food commodities (necessities) greater 
than income elasticities for food in accordance with 
Wold and Jureen's rule. That rule states that in- 
come elasticities of necessities are smaller than 
their price elasticities, whereas income elasticities 
of luxuries are greater than their price elasticities. 
Several observations are in order here. First, the 
earlier works cited by King obtained price and in- 
come elasticity estimates using some rather ad hoc 
procedures. Block additivity was assumed, ex- 
traneous estimates were introduced as known with 
certainty, etc. Consequently, from an econometric 
viewpoint these earlier estimates might be held sus- 
pect, especially as they relate to food groups. Sec- 
ond, Deaton, who is slightly critical of the LES for 
the ‘‘Pigou’’ relationship, estimates a double-log 
model using the same data. It is interesting to note 
(p. 69) that, although the proportionality result is 
not reflected in the estimated price and income elas- 
ticities, he did obtain income elasticities for many 
commodities that would be considered necessities, 
including food commodities that were larger than 
their associated own-price elasticities (pp. 70—77). 
Many other empirical studies indicate similar con- 
clusions, which implies that Wold and Jureen's 
rule, although intuitively appealing, is unambigu- 
ously true only for the two-commodity case. The 
rule does not necessarily hold for complete demand 
systems. Ín addition, the assumption of additivity is 
defensible if the arguments of the utility function 
are taken to be broad aggregates of commodities 
such as food and clothing, rather than individual 
commodities such as beef or cheese. A recent arti- 
cle by Kievmarken shows that the LES compared 
with nonadditive models in terms of goodness of fit, 
predictions, and comparisons of elasticities. 

What is the main conclusion that can be reached 
from this examination of choices and their conse- 
quences in a demand context? We think that the 
primary one is that in applied demand analysis (or, 
more generally, applied economic research) any 
choice of a model has trade-offs. Thus, any policy 
statements made from the empirical results should 
be recognized as reflecting the limitations of the 
theoretical model and the econometric procedures 
used. This is not to say that applied demand analy- 
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sis is not useful to policy makers, but rather that 
research results must be used with knowledge of 
the assumptions and weaknesses of the methods 
employed. Finally, we disagree in the specific con- 
clusions reached by King concerning use of addi- 
tive demand models, especially when limitations of 
alternative procedures are fully taken into account. 
We applaud his attempt tc be scholarly but feel that 
he has failed to recognize that all models are but 
approximations of underlving systems. We should 
not be surprised that the approximations, likely de- 
veloped with certain purposes in mind, do not yield 
desirable characteristics of all features of the sys- 
tem. 


{Received June 1980, revision accepted September 
1980.] 
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Choices and Consequences: 


Richard A. King 


In their Comment," Green and Hassan note that 
the choice of a model involves trade-offs, that 
model results are to be used rather than believed, 
and that a single model may not be best for all 
purposes. These points cannot be stressed tco of- 
ten. However, they raise a number of concerns that 
warrant further clarification. 

Green and Hassan have managed to smoke out 
the real reason I selected the example of simulta- 
neous demand systems when discussing the general 
problem of identifying benefits and costs of a_terna- 
tive models. The reason is simply that the -esults 
reported by many economists using these models 
seem implausible to me. I set out to discover why 
these models produce estimated income elasticities 
that are consistently higher than the absolute value 
of direct price elasticities. 

The result of this search was to uncover what I 
believe to be previously unrecognized constraints 
on elasticities that are inherent in many complete 
demand system models. Perhaps my explanation of 
how empirical demand elasticity estimates are con- 
strained in these models was unclear. A mcre com- 
plete explanation of those constraints may help to 
settle several points at issue. The linear expenditure 
system (LES) is selected for this purpose- 

Consider first the relationship between income 
and price elasticities. Green and Hassan suggest 
that the most serious limitation of LES models is 
the approximate proportionality between the two 
(Pigou's Law). It is my opinion that constraints on 
the absolute size of income and price elasticities are 
more serious in view of the violation of Wold's rule 
that, in general, price elasticities for n2cessities 
should be larger than income elasticities, and price 
elasticities for luxuries should be smaller than their 
associated income elasticities. 

Green and Hassan state that I was ia error in 
arguing that LES income elasticities mus: be larger 
in absolute value than price elasticities. The qual- 
ification that must be added to make this a correct 
statement is that price elasticities are assumed to be 
nonpositive. In fact, it can be shown that if price 
elasticities are positive, then income elasticities 
must be smaller than or equal to price elasticities. 
This occurs when negative marginal budget shares 
are encountered for the group in questioa, implying 
a violation of the axiom of nonsatiety, as noted by 
Deaton. That possibility requires a modification of 
my figure 3c as shown below (figure 1). It is true 
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that all elasticity estimates must lie to the right of 
the diagonal line AB. 

To evaluate LES model constraints on price elas- 
ticities, it is necessary to establish appropriate lim- 
its on the range of the minimum subsistence quan- 
tities, y;. The absolute value of price elasticities can 
be greater than one if y; is negative. Although nega- 
tive values of y; are not ruled out on theoretical 
grounds, it is possible to do so on other grounds. 
Unless all group expenditure functions pass 
through the origin (all E, = 1), some will have a 
positive expenditure axis intercept while others will 
have a negative intercept. It is the latter that have 
negative y; values over the lowest ranges of income. 
However, all such values of income are smaller 
than M;, the minimum subsistence income. (М, 
demarks the level of income above which no group 
expenditure function lies below the income axis.) 
Let us rule out the possibility of sales by house- 
holds, which would allow expenditures on other 
groups to exceed income, M. This is done by the 
appropriate identification of M, and is equivalent to 
requiring non-negative values of the minimum sub- 
sistence quantities, y;, as shown in my 1979 paper 
(р. 842). 

We now investigate in more detail the constraints 
on direct price elasticities. Following Green, Has- 
san, and Johnson (p. 94), we write the LES individ- 
ual expenditure function for group i as 


(1) ра = ру + ш (M — Уру), 


where р;у; is expenditure оп i at minimum subsis- 
tence income, M,, and M is total expenditure = 
income. Let M, = Xpy; = minimum subsistence 
income, and M, = M — M, = supernumerary in- 
come. We rewrite (1) as 


(2) р = ру + шМ — wy M. 


If we combine the first and third terms in (2), we 
have the expenditure axis intercept term, | 


DiY'i = Pry: — HMs, 
and the expenditure function (1) can be written as 
(3) Didi = рут + BM, 


where w is the constant marginal budget share such 
that 0 < щш < land X ш = 1. 
i 


Again following Green, Hassan, and Johnson 
(table 1, p. 95), we write the LES equation for 
direct price elasticities as 
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Relation between price elasticities 


Figure 1. 
(ен) and income elasticities (E), LES model 


(4) e; = -1+(- ш) yi di- 


Given that y; and q; are non-negative in the rele- 
vant range of income, with 


qi 27у anc 0 < gu < 1, 
it follows that the second term lies in the range 


0 x (I — ш) v/qi < 1. 


Thus, the direct price elasticities are constrained to 
lie in the region — 1 = ej; < 0. As M rises, the ratio 
yi/ qi approaches zero and ej; approaches — 1. Direct 
price elasticities thus are constrained to the region 
between the vertical axis and the line CD (fig. 1). 

We next investigate the size of E; relative to ej. 
Changing the sign of ең, we evaluate the following: 


(5) E 2 ~en. 

We write (5) as 

6 Pay (р-у 2 
(6) wi = 1 ~ (1— m) a 


where w; = p;q;/M. We rewrite (6) as 
(7) 


Рій Ф а 
(8) 14M 2 рф — пу + шргуг. 
But, from equation (1) we know that 
Didi = ру + uM — шХргу. 
Substituting this relation in (8) produces 
(9) 
Since pyy; = ®руу, it follows that 


uM Sj Eli ог 


0 2 piyi – Хргу- 


рү — Хргу = 0. 


Therefore E; 2 —ej;, thus violating Wold's rule for 
necessities as illustrated in f gure 3c of my paper (p. 
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844). Green and Hassan give no reason for suggest- 
ing that increasing the number of commodities 
would change the finding that LES price elasticities 
must be smaller than income elasticities and lie 
between 0 and —1, surely a matter of some interest 
to users of empirical demand estimates. 

We have assumed thus far that each marginal 
budget share, 14, is positive and smaller than one. If 
equal to zero, it follows that income and price elas- 
ticities are equal to zero. If negative, it follows that 
income elasticity is negative, the corresponding 
price elasticity is positive [see eg. (4)], and the 
absolute value of income elasticity is smaller than 
price elasticity. Changing signs on both sides of (5) 
reverses the inequality found in equation (9). For 
obvious reasons, this latter case is of little empirical 
interest. 

Under what circumstances is a simultaneous de- 
mand systems model (e.g., indirect addilog, trans- 
log, LES) to be preferred over a "sequential" (ad 
hoc?) estimation method of the Brandow and 
George-King variety that weaves together bits of 
information from a variety of sources? The benefits 
deriving from the first alternative are fairly clear, 
but users may not recognize fully certain undesir- 
able consequences, other than the need for large 
data sets, that are incurred in the process, a point 
that I intended to stress in my Pullman paper. Ap- 
peal to the utility function foundation of demand 
systems models may or may not be persuasive, 
depending ог one's tastes in the matter. 

As for appropriate hypotheses, of some interest 
is the question of whether there is any reason to 
regard various commodity groups as differing in 
response to changes in income. The notion that one 
should substitute an eyeball test of the size of in- 
come elasticities reflects a lack of imagination, to 
say the least. Budget weight is known and standard 
errors of the marginal budget shares are reported. 


[Received November 1980.] 
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Goodwin, Geo:frey, and James Mayall, eds, A New 
International Commodity Regime. New York: St. 
Martin’s Press, 1980, 237 pp., $25.00. 

The developing countries proposed an Integrated 
Commodity Program (ICP) as part cf their call for a 
New International Economic Order (NIEO) at the 
Special Session of the United Nations General As- 
sembly in Algiers in 1974. The ICP was at the heart 
of the call for an NIEO. Responsibility for draw- 
ing up a proposal was entrusted to UNCTAD. At 
UNCTAD IV in 1976 approval was given to pro- 
ceed with explorations for an ICP for ten core 
commodities (coffee, cocoa, tea. sugar, natural 
rubber, sisal, cotton, jute, coppe-, and tir). The 
integrated dimension was to be provided by a 
Common Fund (CF) of $6 billion, the primary pur- 
pose of which was to finance agreements for the 
core commodities, and the secondary purpose of 
which was to undertake a series of activities to aid 
nonstorable commodities of importance to the de- 
veloping countries. 

This book brings together seven papers on the 
ICP which grew out of a seminar cn the topic spon- 
sored by the Center for International Studies at the 
London School of Economics and Political Science 
(LSE) in 1576-78. It attempts to present a broad 
perspective regarding not only the political and 
economic aspects of the debate, but also th2 role of 
the private sector in the form of international com- 
modity markets and direct foreiga international in- 
vestment. The presentation is verbal, without 
undue recourse to technical jargon. 

This book is divided into twc parts. Part I at- 
tempts to provide background. Chapter 1, ''The 
Pressures for a New International Commodity Re- 
gime’’ by Mayall (LSE), describes and analyzes the 
political evolution of the call for гп ICP and CF, the 
anatomy of the Group of 77 (i.e., the developing 
countries), and the question of legitimacy and man- 
agement in North/South econorric relations. Chap- 
ter 2, ‘‘The Case for a New International Commod- 
ity Regime: Confused Arguments and Unresolved 
Issues” bv Stuart Harris (Trade Policy Researck 
Center, London and Australia National Univer- 
sity), summarizes existing international economic 
arrangements and arguments about the nature o? 
present international commodity markets and the 
impact of proposed changes. Chapter 3, ‘‘The Cur- 
rent State of International Commodity Negotia- 
tions” by Alister McIntyre (UNCTAD), briefiy de- 
scribes negotiations on the CF and on individuel 
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dices consider the nature of international commod- 
йу markets for wheat and coarse grains, tin, and 
copper. 

Part II focuses on the industrialized countries’ 
responses to the proposed ICP and CF and on the 
role of the private sector in the international com- 
nodity markets. Chapter 4, ‘‘The OECD Indus- 
crialized Countries’ Response” by Goodwin (Uni- 
versity of London), traces the evolution of reac- 
tions to the UNCTAD ICP proposal and the under- 
lying causes thereof in the United States, Federal 
Republic of Germany, United Kingdom, Japan, and 
(much more briefly) other developed countries. 
Chapter 5, ‘‘The Scope for Co-Cooperation Be- 
tween Existing Market Institutions and Interna- 
tional Commodity Agreements" by James Fry 
(Commodities Research Unit, London), presents 
interesting analyses of interaction between com- 
modity agreements and existing spot and future 
markets (e.g., London Metal Exchange) and how 
such interactions would constrain and expand the 
options available to managers of commodity 
agreements. Chapter 6, ‘‘Mineral Exploration and 
Third World Policy Towards the Mining Industry" 
by Brian Hindley (LSE), is a thoughtful analysis of 
the problems in designing contracts between host 
Geveloping countries and potential mineral explor- 
ers and investors in a world of uncertainty and of 
the costs incurred by a number of developing coun- 
tries through insisting on contract unenforceability 
(and thus discouraging subsequent investments) or 
service contracts (in which they assume all risks). 
Chapter 7, ‘‘Private Sector Investment and Political 
Risk: A Comparative Study of OPIC and Other 
Schemes” by Ronald K. Shelp (American Interna- 
tional Group), describes recent operations of 
(largely industrialized government) insurance 
schemes for political risks for investments in devel- 
oping countries. 

I have reservations about some aspects of this 
book. At times some of the ‘‘facts’’ do not seem 
right (e.g., that among the UNCTAD commodities 
only coifee, cocoa, sugar, and tin have low price 
elasticities of demand (p. 30) or that Indonesia is 
among "the moré advanced developing nations,” 
p. 225). Sometimes the analysis is not sufficiently 
updated for a book published in 1980 (e.g., on p. 90 
there is reference to the ‘‘current price’’—for Janu- 
ary 1977). The three appendices on "representative 
commodities" (p. 7) do not include even one of the 
UNCTAD core agricultural commodities. Occa- 
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sidered sufficiently in a book which purports to 
place special emphasis on the role of the private 
sector. 

But despite these reservations, I think that it is a 
useful book. It generally is well-written, with ef- 
forts to integrate the material somewhat across 
chapters. Several of the chapters are particularly 
useful in providing a broad perspective on the con- 
text of the debate on the ICP and CF and related 
issues (e.g., those by Mayall, Harris, Goodwin, 
Fry, and Hindley). The broad perspective which it: 
provides complements well other good recent stud- 
ies of ICP’s, the CF and the NIEO! and thus con- 
tributes to a better understanding of the issues and 
possible resolutions in this important area. 


Jere R. Behrman 
University of Pennsylvania 


Guither, Harold D. The Food Lobbyists: Behind the 
Scenes of Food and AgriPolitics. Lexington, 
Mass.: D.C. Heath Co., 1980, 358 pp., $27.95. 

A widely held view in recent years is that a new 
agenda has evolved for farm and food policy mak- 
ers. Now, along comes P-ofessor Harold Guither of 
the University of Illinois *o explain that, in addition 
to a new agenda, there are new actors participating 
in the policy-making prozess. 

His book, in some wavs untraditional for a pro- 
fessor of agricultural economics, with its foreword 
by Congressman Paul Findley, was written ‘‘to 
identify and briefly describe the many organizations 
and groups that have had vital interests and con- 
cerns about federal government decisions in some 
phase of agriculture, food production, and distribu- 
tion in the late 1970's." 

After naming the official cast that manages the 
federal policy-making process, Professor Guither 
goes on to review a wide range of interests that 
influence the design and conduct of federal farm 
and food policies. His presentation, in general, left 
this reader feeling that the influence of these orga- 
nizations and groups is growing and may eventually 
exceed that of the more traditional farm organiza- 
tions. 

An interesting extension of this section is an ap- 
pendix that lists food- and farm-oriented groups 
that made contributions to political candidates in 
1977-78 through political action committees, the 


established mechanism for giving financial support: 


to political candidates. Included on the list are the 
number of candidates supported from each party 
and the total amount of contributions by each orga- 
nization. Of some note because of their minimal 
contributions were the major farm organizations. 


! For example, see William R. Clire, ed. Policy Alternatives for 
a New International Economic Orcer: An Economic Analysis. 
New York: Praeger Publishers, for Cverseas Development Coun- 
cil, 1979, and the many references therein. 
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Of some note because of their sizeable contribu- 
tions were the dairy cooperatives, the rural electric 
cooperatives, and, as farmers have long suspected, 
the boards of trade and mercantile exchanges. The 
surprise relative to the latter group was the near- 
balance reported in the number of candidates sup- 
ported from each major political party. 

While the major farm organizations did not ap- 
pear strong in the contributions area—only the 
American Farm Bureau Federation had established 
political action committees—this reviewer was sur- 
prised, in some ways pleasantly, by another par- 
ticular activity carried on by a major farm orga- 
nization. The National Farmers Union is the spon- 
sor for the federally financed Green Thumb Pro- 
gram which ''hires and finds jobs for low income 
men and women fifty-five years old and older in 
rural areas." The program, administered for NFU ` 
by former Assistant Secretary of Agriculture John 
Baker until he retired in 1979, was first funded by 
the Department of Labor in 1974 with $3.6 million. 
With a growth rate that must set a record for a rural 
development-type program, it reached $72.2 million 
in 1979. 

While Professor Guither found concern on 
Capitol Hill over the rapid budgetary growth for 
this ‘‘greenback”’ program, this reviewer found it. 
interesting for other reasons. During this same pe- 
riod, Land Grant Universities were struggling to 
keep their academically oriented rural development 
programs alive. Further, monthly unemployment 
figures released during this period by the Depart- 
ment of Labor consistently showed teenage blacks 
as the most significant structural unemployment 
problem for the nation. It is probably best left to 
others to unravel the message in this experience 
relative to the oft-heard ''waning influence” of 
farmers and farm organizations and to the impor- 
tance of individual and organizational leadership in 
solving urban and rural problems. А 

Another part of this book, and one that perhaps 
explains why Congressman Findley claims he will 
keep a copy near his desk, is a 140-page directory 
that lists organizations and firms that have an inter- 
est in food and agricultural policy, and gives other 
useful information such as founding dates, sources 
of funding, size of membership, and names of regis- 
tered Washington lobbyists. The organizations and 
firms range alphabetically from Abbotts Dairies—a 
subsidiary of Fairmont Foods—to The Zufi Indian 
Tribe of Zuni, New Mexico. 

Finally, a book like this raises many questions. 
One is whether or not large numbers of lobbyists 
may insulate policy makers from their constituents 
and contribute to the feeling that the government is 
unresponsive to the people. A second question ге- 
lates to the view implicit in this book that the name 
of the game for policy makers is getting reelected: If 
true and if campaign finances are the key, can a 
major farm organization that only promises a de- 
clining number of votes expect to have an important 
role in shaping future farm and food policy? A third 
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and final question is whether growth in numbers of 
lobbyists leads to growth in staff of palicy-making 
offices, or perhaps the reverse? Of course, it may 
not be simple causality but rather a simultaneous 
process spurred on by exogenous or endogenous 
influences. In either event, it creates a demand for 
trained staff, end that should create a demand for 
this book ever. without the usefulness that І would 
anticipate most classroom policy teachers would 
find for it. 


Leo V. Mayer 
Library of Congress 
Washington, D.C. 


Harl, Neil E. Agricultural Law. New York: Matthew 
Bender & Co., multivolume set, $60.00 per vol- 
ume. 

Will Rogers once said, ‘‘Everytime a lawyer writes 

something, he is not writing for posterity, he is 

writing so endless others of his craft can make a 

living out of trying to figure out what he said.” 

If Will Rogers had the opportunity to read Neil 
Harl's Agricultural Law, his opinion of the writing 
lawyer would change. First, Harl has written fcr 
posterity. In fact, this multivolume treatise is likely 
to be used as a legal reference well into the next 
century. Second, it is not difficult to ‘бриге out" 
what Neil Harl says. His writing skill is well known 
and is truly exhibited in this monumental undertak- 
ing. 

Harl's Agricultural Law, in the tradition of the 
legal treatise, is no mere book. It is a well- 
conceived and planned multivolume set. The origi- 
nal publication plans called for a ten-volume set, 
but at present fifteen volumes or more are contem- 
plated. Each volume contains from 600 to 1,000 
pages. Abcut half of the set has been published, and 
the remainder will be released as volumes are com- 
pleted over the next few months. As is typical fer a 
legal treatise, the set will be updated continually 
(for an annual charge). The set cover is specifically 
designed to permit insertion of page revisions ana 
**pocket part” supplements as necessary. 

The treatise covers the entire gamut of agricul 
tural law, ranging from business organizations to 
the Uniform Commercial Code. The early volumes 
include thorough coverage of the topics of сіу] 
liabilities, environmental law, labor law, income 
taxation of farmers, social security, federal urem- 
ployment tax, and estate planning. Top:cs in later 
volumes include business planning, government 
regulation of agriculture, state and local regula- 
tions, antitrust, commercial law, property law, іл- 
surance law, and agricultural cooperatives. 

The set serves as an excellent research tool, in 
that each section is extensively annotated and foot- 
noted. (In fact, many pages contain more footnotes 
than textual content.) Each section contains 
thorough discussions of statutes, both federal and 
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stat2, case law, and administrative regulations per- 
teining to agriculture. 

Matthew Bender and Company has a long and 
respected history of successful legal treatises in 
specialized fields. Harl’s Agricultural Law is likely 
t» pe one of the most successful of these efforts. 
This work will appeal not only to the academician 
working in any of the fields of agricultural law but 
180 to the legal practitioner who represents farm, 
ranch, or agribusiness clientele. The rural attorney 
will find that this treatise provides thorough cover- 
age of a majority of the areas most likely to be 
zonfronted in practice. 

The field of agricultural law has been expanding 
rapidly in recent years. Most agricultural econom- 
ics departments have on staff one or more persons 
with legal training. Several law schools now offer 
one or more courses related to agricultural law. 
More practitioners recognize the special legal prob- 
lems of agricultural clients, and a number of state 
and national bar associations have conducted con- 
tinuing legal education programs relating to the 
legal problems of farm and rural people. This ex- 
pansion has been accompanied (but at a slower 
rate) by some additional literature related to ag- 
ricultural law. For example, The Agricultural Law 
Journal was launched in 1979 as a quarterly source 
of agricultural law information. A number of books 
ere being developed for use in undergraduate and 
law school agricultural law courses and as potential 
research references. None of the books or treatises 
presently available or now underway will be as 
comprehensive as Harl's. Indeed, they are not de- 
signed to compete with but to complement this 
monumental effort. 

In Will Rogers’ remarks concerning the writings 
of lawyers, he added, ‘Опе level headed smart man 
could interpret every law there is." Neil Harl has 
come close to doing just that in Agricultural 
Law —at least for those areas of law impacting ag- 
riculture. 


J. W. Looney 
University of Arkansas 


Paarlberg, Don. Farm and Food Policy: Issues of the 
1980s. Lincoln and London: University of Ne- 
braska Press, 1980, viii -- 338 pp., $16.50. 

The purpose of Paarlberg’s book ‘‘is to identify the 

issues of farm and food policy . . . to report the 

known facts, to outline the alternatives, to foresee 
the probable alignment of various interested par- 
ties, to estimate the relative strength of the contend- 
ing groups, and, if possible, to anticipate the out- 
соте” (p. vii). Paarlberg's premise is that agricul- 
ture is losing its uniqueness and political power, 
which he measures in terms of the ability to control 
the farm policy ‘‘agenda.’’ Modern technology and 
communications have eroded the distinctions be- 
tween farmers and nonfarmers. Technology has re- 
duced the number of farmers and consequently 
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their political clout. Ironically, the land grant col- 
leges, which were established to serve agriculture’s 
uniqueness, have been a major force in destroying 
that uniqueness. 

Paarlberg believes the big commodity programs 
are in jeopardy because the public perceives food 
prices as being too high rather than too low and 
perceives commodity programs benefitting big farm- 
ers rather than small farmers. Because agriculture 
has lost political power, farmers will find it less 
risky to compete in the market than in the Con- 
gress. 

After reviewing the old agenda of agricultural 
development and commodity programs in the first 
60 pages, Paarlberg addresses the new agenda in the 
remaining 250 pages. Dating from the mid-1960s, 
the new agenda items have arisen from a diverse 
group of nonfarmers who had not previously been 
prominent in farm policy and who formed ‘ће new 
zealous coalition with its food stamps, environmen- 
tal programs, consumer issues, and rural develop- 
ment” (p. 63). Some of these eighteen new agenda 
issues, as reflected in the chapter titles, are ‘‘Price 
Control," ‘‘The Consumer Movement," ‘‘Domes- 
tic Food Programs," "Environmental Protection,” 
“Prime Agricultural Land," "Energy and Food,” 
“The Future of the Family Farm,” “Is Zero Toler- 
ance Tolerable,” “Тһе Great Thirst,” ‘‘ Agribusi- 
ness and the Restraint of Trade," and ‘‘Interna- 
tional Food Aid.”’ 

Those who have heard Paarlberg speak will rec- 
ognize the themes: '' Agriculture Loses Its Unique- 
ness” (chap. 2) and ‘Тһе New Agenda” (chap. 5). 
But, the book is not a collection of old or undeliv- 
ered speeches or reminiscences. It is a sagacious 
evaluation of issues spiced with strategic sug- 
gestions. Paarlberg draws upon 500 references and 
four decades of experience as a Purdue University 
professor, White House special assistant, Director, 
Food for Peace, Assistant Secretary of Agriculture, 
and Earl Butz confidant. 

His basic advice is to de-escalate the issues by 
searching out the facts, seek a common ground of 
understanding, and work out trade-offs. He con- 
cludes with this paragraph: ‘‘For a hundred years 
farmers held the policy mitiative. They called the 
signals, moved the ball. and put points on the 
scoreboard. But sometime during the past fifteen 
years there was a turnover. Like it or not, farmers 
must now play defense. There is one thing worse 
than losing the ball; that is to lose the ball and think 
you still have it” (p. 308). 

The book is exceptionally well-written in an 
easy-to-read, nontechnica_ manner. There are a few 
tables and charts but no diagrams. Almost every 
page contains a phrase one is tempted to cut out and 
paste on the wall. I call them ‘‘Paarlberg’s Prov- 
erbs." Here is a sampling: “Тһе worst thing to 
do is to listen to the rhetoric, which is likely to 
reflect circumstances that have become increas- 
ingly obsolete” (p. 12). “When the economist en- 
ters the world of policy, he must modify his as- 
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sumption of frictionless and painless change or he 
too will feel the heat” (p. 31). “Experience shows 
that events are more influential in shaping farm 
policy than are previously stated positions” (p. 54). 

There are three modest criticisms I might raise. 
First, more emphasis might have been given to ag- 
ricultural technology and food demand prospects 
and their implications for policy. Second, Paarlberg 
probably overstates the ability of the market to 
solve the farm problem. He argues that overproduc- 
tion is largely caused by market incentives. Neither 
market imperfections (externalities, economies of 
scale, uncertainty, immobilities), nor nonmarket 
phenomena (public agricultural research, agricul- 
tural fundamentalism, myopic politicians), play a 
significant role. Third, Paarlberg's arguments in 
support of food programs, regulation of agribusi- 
ness, environmental controls, etc., are not as per- 
suasive as they might be. As a ''traditionalist'' (p. 
9), his perspective and sympathy are closer to the 
old agenda than to the new one. 

But, these weaknesses are more than offset by 
the book's strengths. I recommend it for under- 
graduate or graduate policy courses. I also recom- 
mend it to all those interested or involved in U.S. 
farm policy. In my opinion, the book will be quite 
influential and will become a classic. 


Joseph D. Coffey 
Virginia Polytechnic Institute 
and State University 


Penson, John B., Jr., and David A. Lins. Agricul- 
tural Finance—An Introduction to Micro and 
Macro Concepts. Englewood Cliffs, N.J.: 
Prentice-Hall, 1980, 546 pp., $18.95. 

Agricultural finance owes its identity as a sub-disci- 

pline of agricultural economics largely to Murray’s 

textbook, first published in 1941, and revised six 
times by other authors over the past forty years. In 
recent years several world events, particularly the 
unchecked price inflation of the 1970s, have worked 
together to create demand for textbooks which can 
deal with a variety of problems in the financing of 
agriculture (farming). The text by Penson and Lins 
is, in some ways, the most comprehensive treat- 
ment to date of this still emerging sub-discipline. It 
may be viewed as another step in the advance of 
agricultural finance as something more than an 
offshoot (or subset) of farm business management. 
The book is organized into four parts: (а) an 
introductory chapter on the scope of agricultural 
finance, (b) eleven chapters (278 pages) on farm 
financial management, (c) six macrofinance chap- 
ters (139 pages), and (d) five chapters (98 pages) on 
financial intermediaries serving agriculture. The or- 
ganization, other than the additional macro chap- 
ters, is essentially similar to that found in other 
agricultural finance texts. However, in several 
chapters, the degree of abstractness, and perhaps 
the detail, seems to be beyond what students can 
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comprehend adequately in an introductory ag-icul- 
tural finance course. This is especially true of some 
portions of the chapters (4 and 5) cn firm growth 
and capital investment. Mathematical notation in 
chapter 5 and in the chapter on the cost of capital 
`8) is unorthodox at best. It could te confusing to 
students, even those who have learned the standard 
notation of the mathematics of finance. 

The two ''macro chapters,” on a national іпап- 
zial accounting system (13 and 14) and the follow- 
ing chapter on capital intensification and utilization 


in U.S. agriculture, demonstrate the authors' finest . 


Skills. Their firm grasp of this area of agriculture is 
summarized at its best. In contrast, the chapzer on 
explaining aggregate investment and financing be- 
havior (16) somehow just does not click. It teads to 
betray the objectivity and clarity of expression 
achieved in chapters 13-15. Perhaps this is due to 
the subjective, hypothetical nature of the chapter's 
content—a point the authors themselves make on 
its opening page. 

Chapters on monetary and fiscal instruments and 
policy (17 and 18) are more-or-less tacked on to the 
other ‘‘macro chapters." The policy instrument 
chapter (17) could be more appropriately grouped 
with those on financial intermedia-ies (part four). 
The policy action chapter (18), as the authors ad- 
mit, is devoted almost entirely to raanipulations of 
parameters within the standard Keynesian model. 
What purpose does this serve as a separate presen- 
tation in an introductory or intermediate-level ag- 
ricultural finance text? 

To the autaors' credit, the concise treatment of 
risk in capital investments is hand'ed separately in 
chapters 6 and 7. In an introductory course, this 
makes it easier for instructors who elect їо scan 
such material. Those who elect to cover suca mate- 
rial in more depth in an intermediate-level course 
may wish to use such separate chapters for review 
purposes. ‹ 

Chapters оп legal considerations, business orga- 
nization types, income tax management, and estate 
planning (9-12) also seem to be more complex than 
students enrolled in an introductory course should 
be required to assimilate. This complexity, or atten- 
tion to detail, is woven throughcut the narrative, 
thus largely precluding class assignments of only 
portions of a chapter. For example, the income tax 
chapter tends to focus on describing the current 
IRS code end attendant forms rather than out- 
lining and explaining the basics of farm income tax 
managemeni. 

Perhaps the authors are most open to criticism in 
their treatment of capital investment and capital 
costs (chapters 5 and 8). However, the def.ciencies 
in these chapters are not uncommon in the agricul- 
tural finance literature. If one demands an гссигаіе, 
clear, and more complete treatment of these topics 
he (she) must turn to a text on capital investment 
analysis. A complete treatment of the topics obvi- 
ously is not possible in only two chapters. What is 
expected, though, is a fairly clear treatment. But 
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c.arity is not found in several places; even accuracy 
is. lacking in parts of the capital cost chapter. 

When discussing add-on loans, the authors incor- 
rectly explain how to partition each period’s loan 
payment into a part for interest and the remaining 
pari for principal. Constant interest payments are in 
fact not made with an add-on loan. The pure dis- 
count method (the only case they present) usually 
is modified so the borrower can obtain an original 
principal amount equal to that obtained with an 
edd-on loan. Nominal interest rates (APR’s), 
shown in table 8.4, are substantially overestimated 
for both add-on and discount methods when there 
zre more than two loan payments each year. The 
euthors could have cleared up some of these mis- 
takes by a fairly brief explanation of the ‘‘Rule of 
78's" and proceeded to show how the rule is 
applied for their installment loan examples. In gen- 
erzl, more attention to loan cost terminology is 
needed throughout chapter 8. 

The critical comments of this review must be 
seen in the light of an absolute set of norms. Ideal 
zhapters are easy for finance instructors to demand 
эш extremely difficult to deliver, especially in an 
original edition. My overall evaluation is that Pen- 
son and Lins have presented us with a book which 
should prove to be functional in several ways: (a) 
as an intermediate level text, (b) as a reference 
source for an introductory course, and (c) as a 
review source for beginning graduate students ma- 
joring in agricultural finance. 


Garnett Bradford 
University of Kentucky 


Rausser, Gordon C., and Eithan Hochman. Dynamic 
Agricultural Systems: Economic Prediction and 
Control. New York: Elsevier North-Holland, 
1979, 364 pp. (volume 3 in a series of volumes in 
Dynamic Economics: Theory and Applications). 

This is an important book with serious flaws. It is 

important because of the dynamic and risky fea- 

tures of agricultural systems. The returns from 
morz analyses of the type referred to appear to be 
great, and relatively few agricultural economists are 
equipped to utilize these tools. Many would find it 
useful to have an accessible exposition and clear 
demonstration of the use of these tools. 
Unfortunately, this volume is flawed in both con- 
cept and execution. It seems that the authors and 
editor could not decide whether to produce a 
textbook, a research monograph, or a collection of 
pricr works of the authors. A successful textbook 
would require a more careful exposition of the 
techniques and some practice exercises. A success- 
iul research monograph would have more original 
material and more detailed proofs. A collection of 
previous works would usually compile a greater 
volume of works. In execution, fundamental errors 
of English grammar are sufficiently numerous to be 
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Articles 


The Effects of Changing Input 
Costs on Food Prices 


R. McFall Lamm and Paul C. Westcott 


The relationships between changes in food sector input costs and retail food prices are 
examined. Results indicate that increases in factor prices pass quickly to consumers, 
within two quarters for most foods. In addition, rising farm-level prices and substantial 
increases in nonfarm resource prices appear to explain why food prices rose more rapidly 
than nonfood prices in the 1970s. The analysis is based on a twenty-equation econometric 


model of the food-price determination process, specified following Popkin’s ‘stage of 
processing" approach. Causality and validation test statistics for the model zre 


presented. 


Key words: food prices, forecasting model, simultaneous equation system, stage of 


processing. 


During the 1970s, retail food prices increased 
an average of 8% per year. This was sig- 
nificantly greater than the 6.8% annual rise in 
nonfood prices and represented a reversal of 
the pattern in the 1950s and 1960s when food 
prices increased at a lower rate than nonfood 
prices. Although money market developments 
were largely responsible for the rising level of 
food prices during the 1970s, few satisfactory 
explanations have been offered concerning 
why food prices rose faster than nonfood 
` prices. 

The purpose of this paper is to consider this 
issue by examining the relationships between 
changes in factor prices and changes in retail 
food prices. A major concern is the impact on 
consumers of changes in raw foodstuffs 
prices, as well as the impact on consumers of 
changes in the cost of other resources used in 
food processing and distribution. The analysis 
is based on an extension of Popkin's “‘stage of 
processing" model, which provides a general 
representation of price determination pro- 
cesses. À small, quarterly, econometric model 
consisting of twenty linear equations serves as 
a foundation for the study. 

The markup model proposed by Popkin re- 
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quires that prices be written by ''stage of pro- 
cessing” as functions of current and lagged 
resource prices as well as excess demand vari- 
ables. This approach contrasts with that used 
for standard markup models and other price 
determination models (see Gardner, Heien, 
Maccini, and Phelps, for example) in that 
there is a greater emphasis on utilizing the 
appropriate industry price variables than is 
typically the case. Popkin's principal argu- 
ment, and the one adopted in this paper, is that 
there are many theories of price determina- 
tion, none of which can be demonstrated 
superior to the others. Consequently, general 
price equations embodying the central theses 
of many different theories may serve as empir- 
ical approximations. 


The Model 


It is assumed that retail food prices are deter- 
mined by the general markup process 


(1) ра = фФЇЁ—4(ри); 
Duis Diet To i caen] 
i=1,...,4t=1,...,7, 


where E, (. . .) is an operator generating the 
expected value of the operand in period / con- 
ditional on information available іп; — 1, р; is 
a vector of the prices of goods which are sub- 
stitutes or complements for the ith good (p, é 
р), ris a vector of input prices, and the vari- 
ables n and m denote maximum lag lengths. In 
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general, the signs of the dp,,/arj, s = t are ex- 
pected to be positive—-increases in resource 
prices are passed through to output markets. 
The signs of др,/дЕ,_,(ри) are indeterminant 
and depend on the nature of market power in 
the industry and the extent to which consum- 
ers are able to substitute for the ith fooc. Simi- 
larly, the signs of ópi/óp, s = t are indeter- 
minant, depending on whether thejth gcod is а 
complement or a substitute. 

An interesting aspect of equation (1) is its 
simultaneous structure. Most markup ‘models 
have excluded the prices of close substit ites 
and complements, relying instead on var:ous 
demand pressure variables such as overtime 
hours and excess capacity in the markets 
being analyzed. Simultaneity ir. consumption 
is an important aspect of food price determma- 
tion, however. When retail beef prices rise 
significantly, there is usually a demand pull 
effect on pork and poultry prices, for example. 
This is an important part of the food-prize- 
determination causal chain. 

Another important feature of the process 
specified in equation (1) is the nature o€ the 
relationship between output and input prices. 
Different output prices are jointly determined 
by expectations, current input prices, anc lzg- 


ged output prices. But the causal path between. 


resource prices and output prices is assumed 
to be unidirectional—resource prices deter- 
mine output prices. In most manufacturing ia- 
custries where imperfect competition prevails, 
tais assumption would be acceptable. Bow- 
ever, the processing and distributing funct:or-s 
for some foods are carried out in competitive 
markets. Hence, this assumption may be ques- 
tionable.! Farm-level commodity prices and 
retail food prices may be determined simult- 
neously. Alternatively, retail food price 
changes may cause farm-level price changes if 
consumer demand variables suck as tastes, 
income, and expectations dominate the rezañ 
food price determination process.? Conse- 
quently, it is necessary to view the assumptior 


! Parker and Conner indicate thzt the total sozial loss due tc 
monopoly in food manufacturing was on the order of $10-$12 
billion in 1975, while Marion et al. estimate that monopoly о-ег- 
cha-ges in the food retailing industry may be as high as 6.8% of 
total food sales in some metropolitan areas. But in many fosd- 
marufacturing industries and in numerous urban food markets, 
4-firn concentration ratios are less than 0.4—the point typically 
usec to distinguish effective from imperfect competition. 

? Sor example, an increase in consumer tastes for a group of 
foods or a rise in income would lead to an increase in retail fcod 
prices. Farm foodstuffs prices would increase as a consequence. 
In this way, higher retail food prices would “cause” higher farm- 
level prices. 
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ihat farm-level prices cause retail food prices 
as a conjectural hypothesis to be tested. 


Empirical Implementation and 
Estimation Results 


To estimate the model, equation (1) is as- 
sumed linear, with the included variables rep- 
resenting candidates that might appear in 
structural equations for each of fifteen major 
BLS food groups considered in the study. Al- 
though several processing stages are required 
їс transform raw foodstuffs into finished con- 
sumer foods, the farm-to-retail processing and 
distribution function is viewed essentially as 
one stage. This is a necesssary simplification, 
ziven data limitations and the problem of 
separating vertically integrated firms by pro- 
zessing stage. 

Dependent price variables are expressed as 
quarterly percent changes, as are all other 
variables except seasonal dummies and a time 
trend variable. Retail food prices are rep- 
resented by the appropriate consumer price 
indexes (CPIs); wage rates come from the 
ELS employment and earning series; farm- 
level prices for foodstuffs come from the 
"prices received by farmers” series. main- 
teined by the U.S. Department of Agriculture 
(USDA); and imported food prices and prices 
fcr other inputs used in food processing and 
distributing (energy, paper, glass containers) 
are represented by the appropriate producer 
price indexes (PPIs). Each series is obtained 
by averaging the appropriate monthly data. 
Estimation is based on percent changes from 
the second quarter of 1968 through the fourth 
quarter of 1977. In addition, data from the first 
quarter in 1978 through the last quarter in 1979 
are retained for validation purposes. 

Zach of the fifteen retail food price equa- 
tioas included in the model was developed 
deductively—the dependent price variable 
was first selected and the appropriate wages, 
farm-level prices, and other resource prices 
were then included. In addition, because of 
the importance of seasonal effects in the food 
price determination process (prices are gener- 
ally lower at harvest, for example), quarterly 
seasonal dummies were added. Each equation 
was then estimated using ordinary least 
squares (OLS). Variables not contributing 
significantly to explanatory power were de- 
leted from each equation following Theil’s 
(1971) explanatory set reduction strategy. Al- 
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ternative price expectation formation pro- 
cesses also were evaluated in this way, with a 
simple first-order autoregressive process gen- 
erally found to be acceptable. These specifica- 
tion experiments were viewed as necessary 
steps because the model is not based explicitly 
on one theory of behavior and because fore- 
casting accuracy is a major design goal. 

Although the CPI for food consumed at 
home is a weighted sum of the fifteen food 
price indexes included in the study, the esti- 
mation of an aggregation equation is necessary 
to obtain changes in ‘‘grocery store’’ prices 
from the model. Adding another behavioral 
equation explaining the determination of 
changes in away-from-home food prices (at 
restaurants, cafeterias, and fast food estab- 
lishments), and adding a second aggregation 
equation relating changes in the CPI for all 
food to changes in the CPIs for food consumed 
at home and away from home, gives estimates 
of changes in the ''all food’’ CPI. To allow 
interaction between changes in food sector 
prices and those in the rest of the economy, 
two additional equations were added: a Phil- 
lips curve relating nonfood price change to 
changes in unemployment and other variables 
and an aggregation relation expressing 
changes in the CPI for all items as a linear 
combination of changes in the food and non- 
food CPIs. The result is a simultaneous model 
consisting of seventeen behavioral relations 
and three aggregation equations.? 

Following preliminary estimation by OLS, 
the complete model was estimated using 
three-stage least squares under the assumption 
that stochastic errors were correlated across 
equations.* Estimation results are presented in 
table 1. Variable definitions are given in table 
2. In general, the statistical fit of the model is 
excellent—virtually all variables are highly 
significant, the signs on all input prices are 
positive, and the estimated coefficients appear 
to be appropriate in magnitude. 

One important result reflected in the esti- 
mates is the low order of the lags in the behav- 
ioral equations—the maximum lag which ap- 
pears in any equation is one quarter. Indica- 


? The relationship between percent changes in the CPIs for all 
items, food, and food at home and percent changes in the compo- 
nents making up these aggregates is not an exact identity, although 
the relationship between the levels of these indexes is exact. This 
is because the transformation from levels to percent changes is 
nonlinear. 

* Predicated values for endogenous variables in the second 
stage of estimation converged to their actual values, so actual 
endogenous values were used in the third stage. 
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tions are that increases in input prices, 
changes in expectations, and demand shifts all 
impact almost immediately on retail food 
prices. This contrasts with results typically 
presented for nonfood markup models, which 
often exhibit complex lag patterns, and is 
probably a consequence of the perishability of 
food. 

Other characteristics of the model include: 
(a) the limitation of simultaneity, principally 
to high protein foods—current endogenous 
variables are included on the right-hand side 
only for meats, poultry, and fish (and aggrega- 
tion relations); (6) an important role for ex- 
pectation formation—lagged own prices enter 
seven behavioral equations; and (c) an impor- 
tant role for seasonality—binary seasonal 
variables are included in eight behavioral equa- 
tions. These model characteristics derive 
largely as a consequence of the statistical cri- 
teria used in specification. 


Causality Tests 


An important assumption underlying estima- 
tion is that farm-level prices cause retail food 
prices, implying that farm foodstuffs prices are 
the appropriate right-hand-side variables. If 
this is not the case, then the model is invalid 
because causality is postulated as unidirec- 
tional from farm to retail level prices. This 
assumption is tested explicitly following a 
procedure suggested by Mehra for implement- 
ing Sims' causality test. The necessary steps 
include (a) filtering the retail and farm-level- 
price time series to remove autocorrelation, 
and (b) regressing each filtered series on the 
current value, four future values, and eight 
lagged values of the other series, as well as on 
seasonal dummies and a time trend. F-tests on 
each regression are then performed to deter- 
mine whether the coefficients attached to fu- 
ture values are significantly different from 
zero. Under the null hypothesis that the de- 
pendent variable does not cause the indepen- 
dent variable in each regression, the 
coefficients of future values will jointly be 
Zero. 

Table 3 presents F-statistics of the null hy- 
pothesis that farm-level prices do not cause 
retail food prices, and that retail food prices do 
not cause farm-level prices. In addition, pa- 
rameter values for the second order filters 
used for each price series are also presented. 
The results imply that in seven out of eleven 
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Table 1. Three-Stage Least Squares Estimates of Model Parameters 
Variable Estimate* 
cbf, —1.6 + .27 fca, + .32 fea, + .25 pen, + 1.32 wfs, — .24 cbf + .15 cpki+ .14 cpyi— 1.7 by + 1.6 by 
Et (.03) (.05) (.41) (.08) (.05) (.04) (0.6) (0.6) 
Rm. t. 
(.017) 
cpk, —2.0 + .25 fho, + .095 fhei- +.71 wmp. + .16 spk, + .23 cpy, + .25 cbf, + 2.6 by. 
(0.5) (.02) (.027) (.24) (.06) (.04) (.08) (0.6) 
сот; .14 + .049 fho + .36 com, + .24 cbf + .21 cpk. 
£20) (.010) (.05) (.04) (.03) 
сру‹ —1.8 + .40 fbr, + .16 ftu, + .72 эт, + .20 epz + .29 сЬ}_. 
(6.6) (.02) (.03) (.26) (.05) (.07) 
cfh, 1.5 + .16 pen, + .35 ирг, — .51 сп; + .12 con, + .049 срк,_; + .019 г. 
(0.3) (.02) (.09) (.12) (.03) (.014) (.006) 
ceg: 1.6 + .79 јер, + 1.30 wer, — 5.9 by — 4.4 be — 5.5 by. 
(1 6) (05) (.71) (L7) (160 (1.6) 
сау, —3.4 + .33 fmi, + .25 fmi, , + .13 ppa, + .94 wn, + 1.07 wn, + 2.7 by — 2.2 Бу. 
(0.8) (.03) (.02) (.07) 7.28) (.29) (0.3) (03) 
ccb, —2.5 + 11 Луд + 1.00 wr, + .67 wn + 17 рр, + .51 cebi. 
(0.3) (.01) (.33) (.33) (.09) (.06) 
cfo, —2.5 + .14 fso, + 17 реп; .12 pgb, + 1.28 vn, + .42 cfo,y. 
(0.9) (.01) (.06) (.08) (.50) (.05) 
CSS; —1.8 + .16 psu, + 17 psy, + 19 pen; + 1.65 эт. 
(1.0) (.02) (.01) (.07) (.56) 
COP, —]1.9  .051 pen, + 1.11 wis, + .48 рра + .24 EPa. 
(0.2) (.033) (.13) (.09) (.06) 
cbe, —2.2 + .12 pco, + .21 pcom + .23 pgb, + .20 per, + 1.01 wis, + .28 cbe, ,. 
(1.0) (.02) (.03) (.09) (.07) (.44) (.07) 
cfr, —2.0 + .16 ffr, + 1.05 wer, + 9.3 by + 5.8 bu ~ 88 by. 
(1.1) (.03) (.38) (1.0) (.05 (0 9) 
сое, 5.0 + .40 fog, + .21 fvg,.; — 7.1 ba ~ 10 by. 
(1.3) (.06) (.06) (2.0) Qi 
cfv, —1.5 + .36 pen, ~ .69 wfs, + .25 cf. — 1.0 ba. 
(0.6) (.05) (.31) (.09) (0.5) 
ch, .13 cbf, + .058 cpk, + .077 com, + .057 сру + 016 с, + .033 ceg, + .13 сау + .12 ccb,+ .019 cfo: 
(.009) (.007) (.0193 (.006) (-017) (.002) (.025) (.019) (.010) 
+ .057 css, + .003 cop, + .073 cbe, + .039 cfr, + .255 cog, + .064 сј. 
(.0C9) (.019) (.005) (.023) (.203) (.017) 
ca, 47 + 11 wed), + .27 chia + .38 cays. 
(.15) (.04) (.03) (.07) 
cf 78 ch, + .22 cay. 
(.00) (01) 
Ch, —.06 + .061 pen, + 019 ш — .015 upi + .61 cra + .77 Dy + .31 bau + .60 bz. 
6.121 (.009) (.005) 1.005) (.07) (.10) (.09) (.09) 
^t 23 of + 76 ст. 
(00 (.01) 











© Estimates are based on quarterly data from 1968-2 through 1977-4. 


* Standard errors are presented in parentheses. 


cases the hypothesis that farm foodstuffs 
prices do not cause retail food prices can be 
rejected with 99% confidence—the critical 
F-value with (4, 15) degrees of freedom is 
4.89. In contrast, in only one out of eleven 
cases can the hypothesis that retail prices do 
not cause farm foodstuffs prices 5e rejected. 
The basic implication is that causality is uni- 
directional from farm to retail prices for all 
foods considered in the study, except between 
the cereals and bakery products CPI and 
wheat prices (which are determined to be 
jointly causal) and between retail and farm- 


level prices for fresh fruits and vegetables (for 
which no causal relationship is found). This 
fiading is generally consistent with Heien's re- 
silts using monthly data and it supports the 
use of a markup pricing model representation 
of the food price determination process. 


Velidation 
Ary econometric model that is a valid rep- 


resentation of the system it is designed to emu- 
late must be able to explain behavior over the 
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Table 2. Symbols and Definitions of Variables 
Used in the Model 





Exogenous 
Variables 


Endogenous 
Variables 





Prices received by 


Consumer price indexes farmers 
cbf Beef and veal fca Cattle 
cpk Pork fho Hogs 
com Other meats for | Broilers 
cpy Poultry ftu Turkeys 
cfh Fish fee Eggs 
ceg Eggs fmi Milk 
edy Dairy products fwh Wheat 
ccb Cereals and bakery — ffr Fruit 
products feg Commercial 
cfo Fats and oils vegetables 
css Sugar and sweets : . 
cop Other prepared Producer price 
foods indexes 
cbe Nonalcoholic psu Raw cane sugar 
beverages pco Green coffee 
cfr Fresh fruits pgb Glass bottles 
cog Fresh vegetables ppa Paper 
cfo Processed fruits and pen Energy (fuels and 
vegetables related products, 
ch Food at home and power) 
ca Food away from 
home Wage rates 
i MER wmp Meat packing plants 
e All items wer Grocery stores 
wfs Food stores 
wed Eating and drinking 
establishments 
wn Total private 
nonfood 
establishments 
Others . 
fso | Soybean oil price at 
Decatur 
и Unemployment rate 
t Time trend 


b, Binary variable 
equal to one for the 
(i + 1)th quarter, 
zero otherwise 





estimation period and over a data set not in- 
cluded in estimation. The typical approach in 
time-series analysis is to reserve the most re- 
cent data available historically for a beyond 
sample”? validation—usually two to three 
years for a quarterly model—while using the 
bulk of the information set for estimation and a 
“within sample” validation. Simulated deter- 
ministic time paths for endogenous variables 
are generated using the model and compared 
with actual system time paths for consistency. 
This is the approach followed here. 

Table 4 presents summary validation statis- 
tics for a comparison of simulated determinis- 
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tic time paths with actual system paths. The 
simulated time paths are produced by using 
actual lagged endogenous values in the first 
period solution, and then using generated lag- 
ged endogenous values in successive solu- 
tions, allowing a complete dynamic response. 
Actual exogenous values are used for all solu- 
tions. The ‘‘within sample'' validation covers 
the estimation period from the second quarter 
of 1968 to the fourth quarter of 1977, while the 
"beyond sample” validation covers the eight 
quarters of 1978 and 1979. Mean absolute per- 
centage errors (MAE) and Theil (1966) in- 
equality coefficients are presented for each 
CPI category. 

The results indicate that the model performs 
extremely well, both for the ‘‘within sample" 
validation and the "beyond sample” valida- 
tion. The MAEs are small and all inequality 
coefficients are substantially less than unity 
for the within sample validation. The MAEs 
and inequality coefficients for the beyond 
sample validation indicate a less satisfying 
performance, but nonetheless are supportive. 
The largest MAEs occur for fresh fruit and 
fresh vegetables—foods particularly sensitive 
to labor disputes and transportation problems. 
The largest inequality coefficients occur for 
sugar and sweets, nonalcoholic beverages, 
and processed fruits and vegetables —markets 
characterized by a high degree of nonprice 
competition. The model does not include an 
advertising cost measure that might improve 
the performance of the equations for these 
foods. 

Table 5 presents quarterly forecasts for the 
beyond sample validation. Predicted changes 
in the three major food CPIs considered in the 
study are given, based on actual exogenous 
data and generated endogenous data. These 
results illustrate on a quarter-by-quarter basis 
how well the model performs, over a period 
not used in estimation, in the prediction of 
three food price aggregates which are of most 
interest to policy makers.? 

An even more stringent validation is possi- 
ble if the exogenous values of the model are 
also forecast. This represents a complete test 
of the model as a forecasting system, and al- 
lows a direct comparison with food price fore- 
casts generated by other models. Two proce- 
dures are used to predict the values of exoge- 
nous variables in this study: (a) all exogenous 
values are forecast using autoregressions of 


5 The validation statistics presented here are superior to similar 
data for a food price-forecasting model developed by Barr and 
Gale. 
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Table 3.  F-Statistics and Filters for Tests of Causality Hypotheses 





F-Stetistic for 














Filter for 
Farm-Level on Retail on Farm- 
Retail Farm-Level Reta Price Level Price Retail Farm-Level 
Price Price Regression Regression Price Price 
cbf fca £17 3.42 —.25 —.75 
cpk fho 2.39 2.14 —.30 —.45 
сру fbr €.10 4.54 —.25 —.25 
ceg feg 7.95 3.38 —.50 —.50 
cdy fmi 7 25 .68 .00 .00 
ccb fwh 30 61 4.94 .50 i5 
cop fso 914 1.55 25 10 
css psu 17.66 .67 .00 .25 
cbe : pco 337 .99 .50 .00 
cfr ffr 111 23 .25 —.50 
cvg fve .36 57 .00 —.33 





current excgenous variables on lagged exoge- 
nous variables (twelve quarters of lags for cat- 
tle, hog, wheat, and soybean oil prices, and 
four quartezs of lags for all other exogenous 
variables), a time trend, and seasonal dum- 
mies; and (b) farm-level prices are fcrecast 
using patteras of change implied by the appro- 
priate futures market prices, with other exog- 
enous variables forecast using autoregression. 
In this latter procedure, futures prices from 


the last business day in December are used to 
obtain quarterly forecasts for the following 
ear by interpolation and averaging monthly 
contract values. Futures prices for cattle, 
hogs, broilers, and eggs are from contracts 
traded on the Chicago Mercantile Exchange; 
futures prices for wheat and soybean oil are 
from the Chicago Board of Trade; and futures 
prices for coffee and sugar are obtained from 
che New York Coffee and Sugar Exchange. 


Table 4. Selected Statistics for Within and Beyend Sample Validations of the Model 





Within Sample Period? 


Beyond Sample Period 








Mean Mean 

Absolute Theil Absolute Theil 
Consumer Percentage Inequality Percentage Inequality 
Price Index Error Coefficient Error Coefficient 
Beef and veal 0.9 .29 2.7 42 
Pork 1.4 25 1.8 56 
Other meats 0.9 33 2.1 .52 
Poultry 1.6 31 2.2 57 
Fish 0.6 .28 1.3 .63 
Eggs 2.8 .28 2.2 45 
Dairy products 0.6 34 0.8 .33 
Cereais and bakery products 0.9 37 1.4 .59 
Fats and oils 1.3 .33 1.3 73 
Sugar and sweets 1.2 24 2.0 1.04 
Cther prepared fcods 0.5 25 0.7 39 
Nonalcoholic beverages 1.5 37 2.5 2.01 
Fresh fruits 1.7 ‚29 2.9 30 
Fresh vegetables 3.6 53 3.9 .49 
Processed fruits and 

vegetables 1.1 49 “211 1.11 

Food at home 0.4 22 0.4 AS 
Fcod away from bome 0.3 22 0.5 .26 
Food 0.4 .20 0.3 .12 
Nenfood 0.3 18 1.0 39 
All items 0.2 16 0.8 32 





а Tae "within sample” validation covers the period from 1963-2 through 1977-4, while the ‘‘beyond semple” validation is carried out 


over the period 1978-_ through 1979-4. 
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Table 5. Quarterly Forecasts of Changes in Selected Consumer Price Indexes Using Actual 


Exogenous Data, 1978-1 through 1979-4 














Food 
Food at Home Away from Home Food 

Quarter Actual Predicted Actual Predicted Actual Predicted 
2---------------------------------- (96) ---------------------------------- 

1978-1 3.7 3.7 2.4 1.2 3.3 3.2 

2 5.1 4.8 2.7 2.5 43 43 

3 2.1 2.6 2.6 2.7 2.3 2.6 

4 1.0 1.1 2.0 2.3 1.3 1.3 

1979-1 4.8 5.0 3.2 1.9 4.4 4.3 

2 2.7 2.1 3.2 2.9 2.9 2.3 

3 0.7 0.6 2.3 2.1 1.2 0.9 

4 0.9 1.9 2.1 1.5 1.2 1.8 





Table 6 presents actual changes in the CPI 
for food, forecast changes in the CPI for food 
based on the two procedures just described, 
and USDA Outlook Conference forecasts of 
the CPI for food over the eight quarters in 1978 
and 1979.5 Indications are again that the model 
performs well, particularly with respect to the 
USDA forecasts—the mean absolute error for 
the model using either exogenous variable 
forecasting procedure is about half the error in 
the USDA forecasts. 


Implications 


Proceeding under the assumption that the 
model is well specified and a valid representa- 


6 The USDA Outlook Conference is generally held each No- 
vember to brief farm organizations, the press, food processors, 
and food distributors on forecasts for the coming year. 


tion, as the evidence would suggest, it is im- 
portant to review the full implications of the 
structural equations presented in table 1. In 
this regard, since the model is linear, it be- 
comes a simple matter to derive the reduced 
form of the model from the structure, and to 
generate the appropriate dynamic system mul- 
tipliers from the reduced form. This allows a 
more complete synthesis of the information 
contained in the structural parameters, pro- 
vides yet another means for validating the 
model, and serves to delineate some of the 
model's weaknesses. 

Table 7 gives Goldberger impact and total 
multipliers for ten selected exogenous vari- 
ables—three farm-level prices, three producer 
price indexes, and four wage rates—with re- 
spect to all endogenous variables except the 
nonfood CPI. Each impact multiplier gives the 
effect of a 1.096 increase in the exogenous 


Table 6. Model Forecasts of Changes in the Consumer Price Index for Food, 1978-1 through 











1979-4 
Forecast Change with Exogenous 
_ Variables Predicted by 
Auto- USDA 
regression Outlook 
Actual Auto- and Futures Conference 
Quarter Change regression Prices Forecast 
—2----------------------------- (96) ----------------------------- 
1978-1 3.3 2.9 ' 2.9 0.2 
2 4.3 2.0 2.6 1.4 
3 2.3 1.9 2.0 0.7 
4 1.3 1.3 0.8 0.3 
1979-1 4.4 3.3 3.3 1.7 
2 2.9 2.2 2.5 17 
3 12 2.3 2\2 1.8 
4 1.2 12 11 0.7 





Note: Model forecasts for 1978 are based on the coefficients presented in table 1; 1979 forecasts are based on a reestimated version of the 
model using data from 1968-2 through 1978-4. 
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variable on the appropriate endogenous vari- 
able in the current period, while the total mul- 
tipliers represent the effect of a 1.0% increase 
when all lagged adjustments are considered. 
Each of the multipliers is generally of the ex- 
pected sign and magnitude, with the most im- 
portant summary information contained in the 
multipliers on the food at home CPI, the food 
CPI, and the total CPI. 

On the basis of the impact multipliers, 
food-at-home prices are affected most by 
higher wages at food and grocery stores. A 
1.0% increase in retail wages in the current 
quarter leads to an immediate increase in 
food-at-home prices of more than 0.4% and a 
rise in total food prices of slightly more than 
0.3%. The same increase also pushes up the 
total CPI by .075%—the largest impact of any 
food sector input price on the total CPI. In- 
creases in meat-packing plant wages and in 
nonagricultural establishment wages (a proxy 
for food-processing wages) also have large 
immediate impacts. These findings are consis- 
tent with USDA data attributing about one- 
third of the cost of food to labor. 

Changes in farm-level prices for cattle, 
hogs, and broilers also have significant imme- 
diate impacts on reteil food prices and the CPI 
for all items. A 1.0% rise in cattle prices 
causes a .285% increase in the CPI for beef 
and veal, a .038% rise in the CPI for food, and 
a .009% increase in the CPI for all items. Up- 
ward movements in hog and broiler prices 
have similar impacts, although of lesser mag- 
nitudes. Changes in cattle, hog, and broiler 
prices also have a positive impact on the CPIs 
for other meats and fish. There is no immedi- 
ate impact on restaurant and cafeteria prices 
from current increases in farm-level meat 
prices, largely because of contracting by 
chains and delays in the menu pricing process. 
The interim multipliers for these variables in 
the two subsequent quarters are substantial, 
however.? 

The impact of increases in other resource 
prices is dominated by energy. A 1.0% rise in 
the PPI for energy, which reflects both power 
and transportation cost increases, leads to a 
.261% increase in beef prices, a .068% in- 
crease in pork prices, and a .075% rise in 
prices for other meats. The same increase also 
pushes up fish prices .165%, and processed 
fruits and vegetable prices by .362%. The im- 
mediate impact of a 1.0% increase in energy 


? Interim multipliers are not presented in the text. They are 
available from the authors in a statistical appendix which also 
includes a listing of the data used in the analysis. 
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prices on the CPI for food is a .055% increase. 
After one quarter, the interim multipliers for a 
1.096 increase in energy prices are large for 
some foods because of the lag before higher 
prices are passed through to retail. A 1.096 
increase in energy prices this quarter leads to a 
.032% rise in the CPI for food next quarter, 
and a .010% increase two quarters ahead. 
Three quarters ahead and beyond, the impact 
of a 1.096 increase in energy prices in the pres- 
ent quarter is virtually zero. 

The small size of the energy interim multi- 
pliers beyond two quarters ahead is a general 
characteristic of all interim multipliers in the 
model. Changes in input prices for the food 
industry have their greatest effect on retail 
food prices in the current quarter and one 
quarter ahead, with a smaller impact two quar- 
ters ahead and insignificant impacts three and 
more quarters ahead. This multiplier pattern 
serves to distinguish the food sector from 
other sectors in the economy that generally 
exhibit more complex lag structures and larger 
interim multipliers in later quarters. This 
finding has important implications with’ re- 
spect to public policy implementation at the 
farm level. Indications are that policies that 
affect farm-level foodstuffs prices have an ef- 
fect on retail food prices almost immediately. 
Similarly, changes in wages and nonlabor re- 
source prices are quickly passed through to 
the retail level. 

Virtually all total multipliers are fairly small 
multiples of the impact multipliers, additional 
evidence of the short time lag before increas- 
ing resource prices are passed through to con- 
sumers. The magnitudes of the total multi- 
pliers further illustrate the importance of labor, 
energy, and packaging materials as important 
determinants of retail food prices. One impli- 
cation of this result is that the role of changing 
input prices is a crucial aspect of the recent 
food price inflation. This role is often over- 
looked in the public dialogue on the causes of 
higher retail food prices. 


Conclusion 


This paper has reviewed the nature of the rela- 
tionships between changes in food sector input 
prices and retail food prices based on a small 
econometric model. The model is a generaliza- 
tion of Popkin's "stage of processing" ap- 
proach and includes all of the major inputs 
used in domestic food production. The basic 
findings are that (a) the lag structure of the 
food industry is relatively simple, with most of 
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the impact of changing rescurce prizes being 
passed through to the retail level within two 
quarters; and (b) changes in nonfarm resource 
prices are important, even dominart, in the 
food price determination process. With re 
spect to the lag structure, the results presentec 
here confirm findings by Barr and Gale ir.dicat- 
ing a fairly simple lag structure for -he food 
industry. In addition, the finding that changes 
in farm-level prices are passed through quickly 
to retail, especially for fresh foods, confirms 
results obtained by Heien and Lamm using 
monthly models. With respect to ronfarm 
resource prices, the model is consisteat with 
USDA estimates of the relative contributions 
of various inputs to retail fooc price determi- 
nation. 

The identification of the most significant de- 
terminants of retail food prices provides a re- 
sponse to the question of why food prizes in- 
creased more rapidly than norfood prices ir: 
the 1970s. From 1970 to 1979, the price cf farm 
commodities used in food rose 9.1% per year; 
all wage rates represented in the mocel in- 
creased more than 7.1%; and the energy PPI 
increased 15.8%. These increases, when 
passed through to consumers, led to the 8.9% 
annual rise in the CPI for food over the period. 
This contrasts significantly with the 6.8% in- 
crease in nonfood prices..On this basis, it is 
apparent that not only were rising farm-level 
эгісеѕ an important cause of higher relative 
food prices in the 1970s, but increases in non- 
farm resource prices were important as well. 


[Received June 1980; revision accepted 
November 1980. | 
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Commodity Price Forecasting with 
Large-Scale Econometric Models 
and the Futures Market 


Richard E. Just and Gordon C. Rausser 


This paper compares the accuracy of major commercial price forecasts for corn, wheat, 
soybeans, soybean oil, soybean meal, cotton, live cattle, and hogs. The price-forecasting 
information in futures prices is evaluated by comparison. The results among commercial 
forecasters are mixed, but futures prices perform relatively better on average although 
not universally so. These results have important implications for operational risk 


management. 


Key words: futures prices, price forecasting. 


Commercial forecasts of spot prices in agricul- 
tural commodity markets have been available 
since 1976. These forecasts are produced 
quarterly, refer to specific cash markets, and 
cover a number of commodities. The firms 
that generate and sell these forecasts, largely 
to agribusiness companies, include Chase 
Econometrics, Doanes Agricultural Service, 
Data Resources, Inc. (DRI), and Wharton 
Econometric Forecasting Associates. The 
U.S. Department of Agriculture (USDA) also 
develops such forecasts for internal use. Most 
of these forecasts are based upon large-scale, 
U.S. agricultural sector models which specify 
formal links among individual commodities. 
The purpose of this paper is to compare and 
evaluate the price-forecasting experience and 
accuracy of the commercial vendors that pro- 
duce point forecasts. 

The questions addressed include the follow- 
ing. What is the comparative and absolute ac- 
curacy of the various vendors? Does the com- 
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parative accuracy of different models depend 
upon the forecast horizon—for example, is 
one model more accurate for, say, a one- 
quarter forecast and another more accurate for 
a two-quarter-or-longer term forecast? Is the 
relative and absolute forecast accuracy com- 
modity dependent? What types of errors tend 
to be made by various firms, and how do these 
relate to a user's selection of forecast to pur- 
chase? 

The commodities examined include corn, 
wheat, soybeans, soybean oil, soybean meal, 
cotton, live cattle, and hogs. One-quarter 
through four-quarter forecast horizons are in- 
vestigated. Accuracy is evaluated by comput- 
ing two statistical measures of equality—root 
mean squared error and root mean squared 
percentage error—of the forecasts of average 
quarterly cash market prices over the period 
1976-1978. 

The price-forecasting information contained 
in futures market prices is also evaluated. 
Some of the literature on futures markets 
questions the quality of futures prices as fore- 
casts (Working, Tomek and Gray, Labys and 
Granger). Working (p. 49) states that ''it is not 
true that futures prices afford forecasts of price. 
change in the sense in which one speaks of the 


price forecasts of a market analyst’ but, how- 


ever, "neither is it true that futures prices pro- 
vide no sort of forecast of price change." In 
addition, much of the recent conceptual work 
on futures markets views futures prices as ra- 


‘tionally based expectations (Danthine; Peck; 
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Feder, Just, Schmitz; Holthausea; Turr- 
ovsky; Anderson and Danthine). Some re- 
cent empirical evidence also strongly suggests 
that futures prices play an important role im 
the formation of producer price expectations 
(Peck, Gardner). 

In an earlier paper (Rausser and Just), a 
simple analogy was established between fore- 
casting prices from futures markets and fore- 
casting prices with econometric models. Es- 
pecially in the case of futures markets, the 
"aggregate market participant processes" 
must perform much the same role as an 
econometric model. Participants must form 
ехресїаііолѕ or forecasts of important exoge- 
nous influences—e.g., planning intentions, 
yields, consumption, export demand, etc.— 
and transmit this information into a futures 
price. In addition to random noise, errors can 
be made in formulating forecasts of the exoge- 
nous information or in the transmission of this 
information into an observed futures price. In 
the latter context, errors in futures markets 
arise from uninformed market раніс:рапіѕ, 
risk aversicn, irrational market participants, 
imperfect capital markets, and alternative 
transaction and information costs. These er- 
rors in econometric models arise from omitted 
variables, inappropriate functional forms, 
measurement errors, aggregation, and the like. 
With this analogy in mind, futures marke:s can 
serve as a basis of comparison for orice- 
forecasting errors emanating from economet- 
ric models. Potentially, it is possible far the 
large-scale ezonometric models examined in 
this paper to outperform futures market prices 
as price forecasters. 

In the above setting, this paper addresses 
she question of whether futures markets are 
more or less accurate than the large-scale, 
econometricaly based forecas:s. The re- 
sponse to this question has some direct irapli- 
cations for future conceptual work as well as 
cperational risk management frameworks of 
companies that currently purchase economet- 
ric forecasts. These implications hold regard- 
less of whether futures market prizes are used 
by commercial vendors to alter their eccnc- 
metric price forecasts (in an ad hoc fashion) or 
whether traders employ the econometric 
model price forecasts in determining their po- 
sitions in futures markets. 


The Commercial Forecasts 


AH four commercial firms considered in tais 
study began making commercial point fo-e- 
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casts of agricultural prices during the latter 
half of 1976. The frequency and horizon of the 
respective forecasts thereafter are indicated in 
table 1 for the eight major agricultural com- 
modities examined by our analysis. In each 
case, firms made forecasts on a somewhat ir- 
regular basis initially but then settled down to 
a regular pattern in 1977. Since April 1977, 
DRI’s forecasts have been monthly and cover 
forecast horizons from one to eight quarters. 
Since June 1977 (October 1977, for soybean oil 
and meal), Chase has made forecasts with one 
to eight-quarter horizons on a bimonthly basis. 
Wharton has forecasted from one to six quar- 
ters ahead nearly every month since April 
1977. Doanes has made forecasts less fre- 
quently (on a quarterly basis) for six of the 
eight commodities and has forecasted with a 
horizon of only two, three, or four quarters. 
The USDA also has been operating on a quar- 
terly basis throughout this period with forecast 
horizons of one, two, or three quarters. 


The Futures Market Price As a Standard of 
Comparison 


For some commodities, several futures mar- 
kets exist, while for others only a single fu- 
tures market exists. Since our focus does not 
address a comparison of futures markets, we 
narrow the alternative price forecast pos- 
sibilities by using the Chicago Board of Trade 
prices for wheat, corn, soybeans, soybean 
meal, and soybean oil; the New York Cotton 
Exchange for cotton; and the Chicago Mer- 
cantile Exchange for hogs and live cattle. 
Given the specified markets and the desire 
to generate price forecasts, an issue arises as 
to the appropriate filter of futures market 
prices to use as a predictor of spot price for the 
contract month. One approach to this problem 
is to solve for an optimal filter of futures mar- 
ket prices in current months in predicting spot 
prices іп contract months. The approach taken 
here, however, is more intuitive and is de- 
signed to serve as a standard of comparison 
with commercial forecasts for which easy ac- 
cess is available. Moreover, to make the com- 
parison fair for the econometric forecasters, 
the futures market price forecaster should be 
coastructed from information available at 
about the same time of the month as used by 
the econometric firms. Most econometric 
firms collect information about the second 
week of the month for formulation of forecasts 
produced near the end of the month. Thus, for 
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the purposes of this paper, we selected as the 
forecast the average of daily futures marke- 
closing prices for the second week of the 
month. This information is readily available tc 
every decision maker; yet, it does not embody 
more exogenous information than is sup- 
posedly available to the econometric firms. It 
should be kept in mind, however, that decision 
makers actually may have access to better in- 
formation by using futures prices generated 
later in the month when econometric fcrecasts 
actually become available. 

Due to the quarterly temporal dimersion of 
the econometric forecasts, a further issue 
arises as to which contract month for a futures 
market should be used to represent the fore- 
cast horizon. That is, should an econcmetric 
forecast for live cattle price in the second 
quarter of, say, 1980 be compared with the 
corresponding April or June futures ccntract 
price? In some quarters, only one contract 
exists so no choice is available. In other quar- 
ters, however, two or three contracts may be 
applicable. For the purposes of this study, the 
midmonth in each quarter is used when avail- 
able. If a contract does not exist for the mid- 
month, then the contract for the latter month 
is used since the prices of these contracts 
would tend to use more of the informatior that 
‘would affect average quarterly spot market 
price than the first-month contract. Of course, 
the first-month contract is used if no cther 
contract exists in the quarter. The futures zon- 
tracts used are as follows. May is used for the 
first quarter except for livestock, where Feb- 
riary is used. For the second quarter, Jure is 
used for livestock and May for all other com- 
modities. For the third quarter, August is used 
fcr livestock and soybean derivatives; July for 
cotton; and September for all others. Finally, 
for the fourth quarter, November is used for 
saybeans and December for all others. 


The Basis of Comparison 


Two sets of comparisons were examined. Due 
to space limitations, only the first set of com- 
parisons based on the best forecast available 
from each source by month for the period from 
December 1976 through December 1978 wil 
be zeported. The forecasts prior to December 
1975 are excluded from the analysis because 
not all four firms began forecasting on a con- 
mercial basis until that time. The use of th2 


term, ‘‘best available” forecast, implies that 
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each firm’s forecast in each month is taken to 
be its latest published forecast. For example, 
if Doanes makes a forecast in April 1977 and 
does not make another forecast until August 
1977, then the April forecast is used as 
Doanes' best available forecast in the months 
of May, June, and July. For customers who 
need price forecasts on a regular basis for 
decision-making purposes, it seems that this 
type of comparison is more meaningful than 
simply comparing the forecasts only over the 
set of months in which they actually are made. 
Admittedly, however, this comparison favors 
DRI, which revises its forecasts monthly, rela- 
tive to Doanes, which revises its forecasts 
only quarterly. 

To determine the extent of this bias and to 
develop more information about the actual 
forecasting ability of each firm, as opposed to 
the futures market, a second set of compari- 
sons also was constructed using only those 
months in which the major commercial 
2conometric firms (excluding Doanes and 
USDA) actually revised their forecasts. To 
develop strictly fair comparisons for Doanes 
and USDA, additional pairwise comparisons 
were made between DRI and Doanes and be- 
tween DRI and USDA using only those 
months in which both made new forecasts. 
These results are available on request but are 
too lengthy to present here. 

The comparisons employ two statistical 
measures of quality—root mean squared error 
and root mean squared percentage error. Due 
ta practical limitations on computation and the 
desire to simplify the reporting of results, 
otier measures of quality are not investigated 
here. Moreover, other types of measures— 
suzh as mean absolute deviation and Theil U 
cosfficients—generally lead to the same rank- 
ings of forecasts for the forecasting problem 
comsidered here (St. George et al.). 

The econometric firms do not all forecast 
the same actual price series.! Thus, problems 


i The price series forecasted by the econometric firms consid- 
ered п this study are as follows: wheat—Chase and Wharton, No. 
1 Had Red Winter wheat, Kansas City ($ per bu.); Doanes, 
averaze price received by farmers, United States ($ per bu.); DRI, 
averaze of Kansas City, Minneapolis, Portland, and St. Louis 
prices ($ per bu.); corn—Chase, DRI, and Wharton, No. 2 Yellow 
corn, Chicago ($ per bu.); Doanes, average price received by 
farmers, United States ($ per bu.); cotton—Chase, Doanes, and 
Wharton, averege price received by farmers, United States (е per 
1b.; DRI, upland cotton lint price, USDA (e per 1b.); soy- 
beans—Chase, DRI, and Wharton, No. 1 Yellow soybean price, 
Chicago ($ per bu.); Doanes, average price received by farmers, 
United States ($ per bu.); soybean meal—Chase, DRI, and Whar- 
ton, bulk, 44% protein price, Decatur ($ per ton); soybean oil— 
Chase, DRI, and Wharton, crude tank FOB price, Decatur (¢ per 
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arise regarding comparability due to transpor- 
tation costs and other factors which cause a 
divergence of prices in different markets. 
Also, in using futures market prices as fore- 
casts of spot market prices, one must consider 
delivery costs. To account for the effect of 
these factors in the commercial forecasts, 
each econometric forecast is compared to the 
actual respective price being forecasted. In 
order to avoid unduly favoring futures market 
prices as forecasts, the futures prices are con- 
sidered as forecasts of the spot prices pre- 
dicted by most of the econometric firms.? As a 
comparison of futures prices with other spot 
prices has revealed, these spot prices also ap- 
pear to be the ones most closely related to the 
futures market near the time of delivery. 


The Comparison of Forecasts 


The statistics discussed above are reported in 
table 2 for the eight respective commodities. 
(Note that the units reported in table 3 are 
based upon the measurements defined in fn. 1) 
An examination of these results reveals some 
interesting quantitative relationships among 
alternative forecasters. For example, the vari- 
ation in root mean squared errors and percent- 
age errors among econometric forecasters is 
fairly large for given forecasting horizons for 
wheat, corn, and soybean meal, with differ- 
ences in root mean-squared percentage error 
ranging up to over 10%. On the other hand, 
for cattle—and to a lesser extent cotton, soy- 
beans, and soybean oil—all econometric firms 
maintain similar magnitudes of error. 
Generally, Chase forecasts perform better 
for wheat and live cattle, Wharton or DRI for 
corn, Doanes for cotton, and DRI for hogs; 
but there is no clear dominance of one forecast- 
er over another in most cases when all hori- 
zons are considered. Generally, one would 


1b.); hogs—Chase, Doanes, DRI, and Wharton, 7-market average 
price, barrows and gilts ($ per cwt.); and live cattle-—Chase, 
Doanes, DRI, and Wharton, choice 1,100-1,300 pounds slaughter 
steer price, Omaha ($ per cwt.). The sources for these data series 
.are various issues of the following publications of the U.S. Eco- 
nomics, Statistics, and Cooperative Service: Wheat Situation, 
Feed Situation, Livestock and Meat Situation, Fats and Oils Situ- 
ation, and Cotton and Wool Situation. 

` ? Note that delivery costs are reflected in the basis, i.e., the 
difference between the futures and the spot price for a specific 
location. Our analysis assumes that the basis due to commissions, 
capital costs, risk, and the like is approximately constant (at least 
over the two-year period of this study) in either an additive or 
multiplicative sense. Thus, the price forecasts are analyzed only in 
terms of their deviations from longer-term average levels in either 
an absolute or percentage sense. 
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expect short horizon forecasts to be more ac- 
curate than long horizon forecasts. Forecast 
error, indeed, tends to increase with forecast 
horizon for wheat, hogs, cattle, and most soy- 
bean derivative forecasts. On the other hand, 
the forecasts for soybean price seem to be 
more accurate for longer horizons than for 
short horizons. This observation may be due 
to an unusual market trend over the particular 
period of this study, but it could also be due to 
the relatively volatile nature of the soybean 
market. For example, the soybean futures 
market generally is thought to be a more active 
and fluctuating market, which makes it rela- 
tively attractive to speculators. For this rea- 
son, phenomena unrelated to the cash market 
may play a greater role in short-run trading 
and price fluctuations, so that the more pre- 
dictable market movements only tend to occur 
over a longer time horizon. Indeed, comparing 
across commodity markets on the basts of root 
mean-squared percentage errors, the soybean 
market seems to be much less predictable in 
the short run than other commodity markets 
(with the possible exception of soybean deriva- 
tive markets). The corn and wheat markets, 
which are generally thought to be much less 
active and more stable, are more predictable 
over all horizons (in a mean forecast sense) 
than the other commodities. 


'Econometric Forecasting versus 


Futures Markets 


One objective of this paper is to examine the 
performance of various econometric models 
using the futures market prices as a standard 
of comparison. To develop some summary in- 
formation in this respect, rankings of the five 
econometric against futures forecasts are 
given in table 3. These results reveal that no 
one model performs consistently better over 
all commodities. This variation in perfor- 
mance may be due to a randomness in charac- 
teristics vis-d-vis important market phenom- 
ena in 1977 and 1978; however, using non- 
parametric test statistics, many of the results 
are significant (table 3).? 

Table 3 reveals the following significant re- 
sults for performance of the commercial ven- 


3 The nonparametric tests assume independence of ranks over 
forecast horizons. Because the forecasts over various horizons are 
made under the same (possibly erroneous) model specifications, 
one must bear in mind the possibility of correlated ranks in which 
case the test statistics are biased toward significance. 
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Table 2. Comparison of Best Monthly Forecasts Available, December 1976 through December 
1978 


Forecast horizon (quarters) 











1 2 3 4 

Forecast R P Ne Ка P Ne R PP Ме К p N* 
Wheat ($ per bu.) 

Chase 0.27 10.9 25 035 11.9 22 0.4] 127 19 0.51 15.3 16 

Doanes 0.33 13.1 25 0.4: 157 22 0.45 161 18 0.61 20.8 7 

DRI 0.64 187 25 0.88 227 22 0.95 25.9 19 1.40 294 16 

Wharton 0.28 98 25 0.3£ 12.8 22 0.46 14.4 19 0.61 18.5 16 

USDA 0.48 202 8 0.52 19.0 7 0.55 18.8 4 4 

Futures* 0.28 103 25 0.36 13.1 2 0.39 2.8 19 0.57 18.0 3 
Corn ($ per b1.) 

Chase 0.28 137 25 0.35 180 22 0.32 15.5 19 0.26 11.8 16 

Doanes 0.35 193 2 040 224 22 0.32 169 18 0.17 8.2 7 

DRI 0.25 12.0 25 0.33 160 22 0.31 143 19 0.15 6.4 16 

Wharton 0.24 11.8 25 0.30 143 22 0.25 12.2 19 0.25 11.3 16 

USDA 0.39 21.5 Li 0.42 22.1 7 0.24 11.5 5 

Futures! 0.28 137 2: 9.40 19.9 2 0.40 18.8 19 0.05 2.2 3 
Soybeans ($ per bu.) 

Chase 1.62 25.5 25 1.22 180 22 117 172 19 1.33 191 16 

Doanes 1.39 21.2 25 1.14 173 22 1.18 183 18 1.08 17.0 7 

DRI 1.43 223 25 1.41 21.5 22 1.14 17.5 19 1.19 17.4 16 

Wharton 1.51 23.2 25 1.50 23.9 22 1.47 22.7 19 1.37 195 16 

USDA 1.64 28.5 8 108 17.5 7 0.87 13.4 5 

Futures® 1.36 22.4 25 122 19.6 22 1.11 17.9 19 1.00 15.5 9 
Soybean meal ($ per ton) 

Chase 18.89 106 15 22.40 123 12 31.59 172 9 44.85 24.1 6 

DRI 43.53 25.4 25 45.95 27.4 22 27.27 160 19 3229 181 16 

Wharton 45.00 28.7 25 48.20 30.2 22 42.15 252 19 39.87 223 16 

USDA 39.46 23.4 7 3482 209 6 25.60 13.8 3 

Futures^ 40.99 266 25 3510 222 22 27.51 171 19 23.36 137 10 
Soybean oil (е per lb.) 

Chase 5.10 19.4 15 7.02 262 12 7.29 27.9 9 8.19 31.8 6 

DRI 5.88 23.3 25 632 248 22 5.85 22.1 19 603 23.6 16 

Wharton 5.33 20.7 25 5.19 207 22 4.43 17.0 19 441 17.2 16 

USDA 5.59 20.8 7 5.00 194 6 5.65 21.4 3 

Futures! 4.49 185 25 495 19.8 22 5.10 19.6 19 5.04 19.2 10 
Cotton (¢ per Ib.) : 

Chase 742 13.0 25 10.54 :9.2 22 12.30 219 19 11.89 20.0 16 

Doanes 6.85 11.9 25 8.80 253 2 9.37 15.8 18 8.50 13.3 7 

DRI 5.46 96 25 8.56 15.6 2 10.98 20.4 19 13.19 248. 16 

Wharton 842 15.6 25 9.68 [82 22 10.96 203 19 9.92 18.4 16 

Futures! 8.39 15.1 25 11.27 2.6 22 11.65 22.7 19 11.53 21.9 6 
Hogs ($ рег cwt.) í 

Chase 5.39 115 25 818 17.0 22 10.78 219 19 13.01 26.2 16 

Doanes 6.00 129 25 8.54 18.0 18 11.20 3.1 6 

DRI 5.15 11.0 25 6.90 144 22 8.24 168 19 8.93 17.9 16 

Wharton 6.19 13.2 25 8.24 17.0 22 9.76 19.7 19 10.82 21.4 16 

USDA 7.39 15.9 8 10.63 218 6 13.88 27.5 3 

Futures* 4.80 103 25 821 172 22 10.43 217 19 13.20 27.1 9 
Live cattle ($ per cwt.) 

Chase 5.19 9.9 25 $601 127 22 8.49 15.6, 19 10.45 17.8 .16 

Doanes 6.12 11.9 25 5.58 12.5 18 5.93 12.8 6 

DRI 5.79 10.3 25 =.89 124 22 8.14 14.7 19 10.65 18.1 16 

Wharton 6.03 11.0 25 7.23 13.8 22 8.10 14.5 19 10.79 17.6 16 

USDA 7.33 12.9 8 10.87 189 б 14.91 24.6 3 

Frtures! 5:25 9.9 25 7.866 14.2 22 10.03 178 19 12.75 21.8 9 





а Root mean squared eror. 
> Roo: mean squared percentage error. 
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dors. Chase forecasts are relatively superior 
for wheat and live cattle and relatively inferior 
for soybean oil. Doanes performs well for cot- 
ton, soybeans, and live cattle; but none of 
these results are supported by both compari- 
sons. The DRI forecasts are relatively good 
for hogs and poor for wheat. Wharton per- 
forms relatively poorly in forecasting soy- 
beans and possibly soybean meal but rela- 
tively well for corn and cotton, depending on 
comparison. The USDA. does well for soybean 
meal but is relatively a poor forecaster for 
hogs, live cattle, and possibly wheat. 
Comparison of the econometric forecasts 
with the futures prices, however, reveals some 
interesting observations. First of all, futures 
prices tend to dominate the econometric mod- 
els in forecasting soybean oil, soybean meal, 
and soybean prices. In fact, soybean meal is 
the only commodity where any forecast com- 
pletely dominates all others over all time hori- 
zons (in the comparable forecast case). Also, 
however, futures prices perform quite well as 
forecasters for wheat and hogs. Over ali com- 
modities and horizons, the average rank of the 
futures forecast is less than 3, which suggests 
that, at the mode, the econometric models are 
not able to forecast as well as the futures mar- 
ket. Furthermore, the futures market is the 
only source. of price information other than 
Doanes which is not significantly inferior for 
any commodity; and the futures market is sig- 
nificantly superior for as many as four of the 
eight commodities based on comparable fore- 
casts (table 3, last column), while Doanes is 
only significantly superior for two commod- 
ities at most (and at lower significance levels). 
In terms of the earlier discussion, it appears 
that futures marke: inefficiencies are not seri- 
ous and (or) that econometric models do a 
poorer job of including all relevant exogenous 
forces, forecasting them, and transforming 
them into price forecasts than tbe aggregate 
intelligence of the futures market. By com- 
parison, average ranks of comparable fore- 
casts over the first three forecast horizons 





© Number of observations. 
* Blanks índicate no forecasts were made. 
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(those horizons where all forecasters produce 
forecasts) for each respective forecaster are 
Chase, 3.27; Doanes, 3.17; DRI, 3.5; Whar- 
ton, 3.19; USDA, 4.19; and futures, 2.75. Note 
that these average ranks are slightly biased 
against Doanes and, to a lesser extent, the 
USDA since they do not produce forecasts for 
some of the commodities; thus, average ranks 
are a bit higher in the commodities which they 
forecast than in those they do not. 

Turning to issues related to time horizon, 
since traders in the futures market are often 
closer to cash market phenomena and are 
often able to make use of new information 
more quickly than econometric firms, one 
might expect futures markets to perform bet- 
ter as short-term forecasters. On the other 
hand, econometric forecasts may be based on 
better structural information and more careful, 
longer-run forecasts of the more important ex- 
ogenous forces. Indeed, examining only the 
results for comparable forecasts associated 
with futures market ranks in the lower right- 
hand side of table 3, thé econometric forecasts 
are generally favored on average for a one- 
quarter horizon in the case of corn and cotton; 
corn, cotton, and cattle for a two-quarter hori- 
zon; corn and cattle for a three-quarter hori- 
zon; and hogs and cattle for a four-quarter 
horizon. On the other hand, the futures market 
outranks all commercial econometric fore- 
casts in three of eight cases for a one-quarter 
horizon, one of eight cases for a two-quarter 
horizon, four of eight cases for a three-quarter 
horizon, and, finally, five of eight cases for a 
four-quarter horizon. Thus, there is no appar- 
ent increase in the superiority of the econo- 
metric forecasts with a time horizon as one 
might expect. 


Decomposition of Forecast Error 
Some additional information regarding the 


value of various price forecasts for individual 
decision makers can be gleaned from a de- 


* Futures price as a predictor of No. 1 Hard Red Winter wheat price, Kansas City. 
! Futures price as a predictor of No. 2 yellow corn price, Chicago. 
* Futures price as a predictor of No. 1 yellow soybean price, Chicago. 


^ Futures price as a predictor of bulk 4476 protein price, Decatur. 


i Futures price as a predictor of crude tank FOB price, Decatur. . 

? Futures price as a predictor of average price received by farmers, United States. 

* Futures price as a predictor of seven market average price, barrow and gilts. 

! Futures price as a predictor of Choice 1,100-1,300 pound slaughter steer price, Omaha. 
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Table 3. Ranking (and Significance) of Roo: Mean Squared Errors of Various Commodities by 
Horizon for Each Source of Forecast, December 1976 through December 1978 














Best Monthly Forecast Available Forecasts Made in the Same Month 
Forecast Horrzon Forecast Horizon 
po dh Sum of Sum of 
Component 1 2 $ 4 Ranks 1 2 3 4 Ranks 
Chase 
Wheat 2 1 2 1 6*-b 2 1 2 2 T** 
Corn 4 3 44 5 16%. 3 3 4% 5 1514 
Cotton 3 4 5 4 16 4 4 5 4 17t 
Soybeans 5 4 4 4 17 6 4 2 4 16 
Hogs 3 2 4 3 12 3 3 4 3 16 
Live cattle 1 2 4 1 8* i 1 2 1 5*** 
Soybean ой 2 = 5 4 16t 5 5 5 4 19ttt 
Soybean meal 1 1 4 a I0 3 3 3 4 13 
Doanes 
Wheat 3 4 3 3 13 4 4 4 4 16 
Corn 5 5 4% 3 17% 5 5 3 4 17 
Cotton 2 2 1 1 6** 3 2 3 3 11 
Soybeans 2 2 5 2 11 1 1 4 2 8* 
Нор$ 4 4 5 а 14 2 5 5 i 12 
Live cattle 5 1 1 7 3 2 1 6* 
DRI 
Wheat 6 6 6 5 23ttt 6 6 6 5 23111 
Согп 2 2 3 2 9 2 2 2 2 8* 
Cotton i 1 3 5 10 1 3 4 5 13 
Soybeans 3 5 3 3 17 2 5 3 3 13 
Hogs 2 1 1 1 grar 4 1 1 1 7** 
Live cattle 3 3 3 2 11 4 3 4 2 13 
Soybean oil 5 4 4 3 16t 3 4 4 3 14 
Soybean meal 4 4 2 2 12 5 5 4 3 171? 
Wharton 
Wheat 1 3 4 4 12 1 2 3 3 9 
Corn 1 1 2 4 8* 1 1 4 3 9% 
Cotton 5 3 2 2 12 2 1 1 1 Stee 
Soybeans 4 6 6 5 2111 5 6 6 5 22111 
Hogs 5 5 2 2 14 5 4 2 2 13 
Live cattle 4 4 2 3 13 5 4 3 3 15 
Soybean oil 3 3 1 1 8 2 3 2 2 9 
Soybean meal 5 5 5 1 18111 4 4 5 2 15 
USDA 
Wheat 4% 5 5 14% 5 5 5 151 
Согп 6 6 1 13 6 4 1 11 
Soybeans 6 1 1 8 4 3 5 12 
Hogs 6 6 6 18ttt 6 6 6 l8ttt 
Live cattle 6 6 6 18ttt 6 6 6 18111 
Soybean oil 4 2 3 3 4 I 3 8 
Soybean meal 2 2 1 5** 2 2 2 6* 
Futures 
"Wheat 4% 2 1 2 $15 3 3 1 1 8* 
Corn 3 4 6 1 14 4 6 6 1 17 
Cotton 4 5 4 3 16 5 5 2 2 14 
Soybeans 1 3 2 1 iia 3 2 1 i Te 
Hogs 1 3 3 $ H 1 2 3 4 10 
Live cattle 2 5 5 4 16 2 5 5 4 16 
Soybean ой 1 1 2 1 6** 1 2 1 1 Sete 
Soybean meal 3 3 3 1 70 1 1 1 1 4*** 





a Blanks indicate no forecasts available. 
-b +, tt, and ttf indicate significantly high at a 10%, 526, and 1% Evel, resseccively; *, **, and *** indicate significantly low at a 10%, 5%, 
and 1% level, respectively. 
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composition of forecast errors. For the case 
where both estimated and actual prices are 
varying in time, the mean squared error can be 
decomposed following 


i 
Da 


n У (Y, — Y)(X, - X) 


= (Y ar Xy t су? + oy = 20xy, 


where Y and X are predicted and actual prices, 
n is the number of observations for a given 
forecaster and time horizon, Y and X represent 
respective sample means, oy? and gy? repre- 
sent respective sample variances, and осуу is 
the sample covariance of X and Y. Thus, the 
mean squared error decomposes into the bias 
squared, the variance of the forecast, the vari- 
ance of the actual price, and minus twice the 
covariance between the two. This decomposi- 
tion is reported in table 4. The first term, (Y — 
X^, is recorded as the bias squared; the term 
ay? is recorded as the forecast variance; the 
term oy” is recorded as the actual variance; 
and the term -—2oxy is recorded as the 
covariance component. The sum of these four 
components is the mean squared error, the 
square root of which is directly comparable to 
those measures reported in table 2, except that 
in table 4 only new forecasts are used for 
the computations. Note that the correlation 
coefficient is —14 times the covariance com- 
ponent divided by the square root of the prod- 
uct of forecast variance and actual variance. 

One of the interesting implications of table 4 
is that not all forecasters seem to be making 
the same types of errors. For example, in 
wheat the futures forecast makes most of its 
errors because of variability in future prices. 
This implies that some filter might (although 
not necessarily) average out some of the var- 
iability and provide a better forecast. The 
USDA, on the other hand, makes a large share 
of its wheat price forecasting errors because of 
negative covariance between àctual and pre- 
dicted prices, such as might be the case when 
turning points are missed. The commercial 
firms such as Chase, DRI, and Wharton make 
a larger share of their wheat price errors be- 
cause of bias. Somewhat similar conclusions 
hold for soybeans. 
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These same conclusions do not hold for 
other commodities, however. For example, 
the econometric firms are remarkably un- 
biased for cotton, while forecast errors for 
most econometric models are much more at- 
tributable to covariance vis-d-vis the futures 
market. All forecasters commit most of their 
errors because of bias in hog price forecasting. 

Jt is interesting to consider the extent to 
which bias can be traded off for lower forecast 
variance or for lower covariance between 
forecast and actual prices by choosing one 
forecast versus another. In point of fact, if a 
firm's profits are inverselv related to forecast 
error, then a risk-neutral firm may prefer 
lower bias and be willing to live with higher 
variance. À risk-averse firm, however, may be 
willing to use biased forecasts to get greater 
precision. Also, if costly adjustments are in- 
curred when forecasts are highly variable, 
then cost-efficiency criteria may also favor 
lower forecast variance over reduced bias, 
etc. With this in mind, the wheat price fore- 
casting results, for example, imply that a 
risk-neutral firm may find futures prices quite 
adequate forecasters, while a similar risk- 
averse firm with high cost of adjustment may 
prefer the lower variability of the Chase, 
Doanes, or even DRI forecast even though the 
bias is substantially higher. 

These considerations suggest that econo- 
metric forecasters with similar overall fore- 
casting ability may be able to differentiate 
substantially their product to capture specific 
segments of the market. For example, in soy- 
bean price forecasting, the futures prices may 
appeal to a risk-neutral decision maker, while 
increasingly risk-averse decision makers or 
those with higher adjustment costs may turn to 
Wharton and then to Chase or Doanes as bias 
is traded for reduced forecast variance (based 
on one- to three-quarter horizons). Some of 
these trade-offs are particularly remarkable 
for soybean oil and meal, where Chase makes 
most of its errors due to bias, while other 
forecasters are nearly unbiased. 

Finally, comparing the decomposition of er- 
rors across commodities, it is interesting to 
observe the correlation coefficient of forecasts 
with actual prices after removing bias and var- 
iability. For firms interested in turning points 
and magnitudes of changes, the covariance 
component may have overriding importance. 
A positive correlation is reflected by a nega- 
tive covariance component, i.e., one that 
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conclusions which may be reached at thts 
point due to small sample sizes. 


[Received April 1980; revision accepted 
November 19&0.] 
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observations from two to five months before 
contract maturity and regression coefficients 
were less than one for all eight months of 
lagged observation. 

Relative to lagged futures, lagged cash 
prices yielded mixed results. In general, there 
is little evidence to support the superiority of 
either lagged futures or cash prices as fore- 
casts. 

Results for live hogs indicate that the statis- 
tical hypotheses for all lagged futures observa- 
tions were accepted. For lagged cash prices, 
only the hypotheses regarding regression 
coefficients for observations from three to six 
months before contract maturity during pe- 
riods of declining prices were rejected. 

The foregoing suggests that live cattle fu- 
tures have been reliable forecasts during pe- 
riods of rising prices, but unreliable when 
prices declined. Second, there was little dif- 
ference in the forecasting performance of live 
cattle futures prices relative to lagged cash 
prices. Third, relative to live cattle futures, 
live hog futures exhibited superior perfor- 
mance during periods of declining prices. Fi- 
nally, forecasting performance of live hog fu- 
tures relative to Jagged cash hog prices was 
marginally superior. 

Why the difference in forecasting perfor- 
mance of live hog futures relative to live cat- 
tle? The results are consistent with the argu- 
ment regarding the nature of supply response. 
Because female slaughter in the beef sector 
during periods of herd liquidation is a much 
more significant proportion of total slaughter 
than for the pork sector, this element of supply 
response may be more difficult to assess in 
forecasting total supply and therefore prices of 
cattle. Hence the poorer forecasting perfor- 
mance of live cattle futures. 


Hypothesis (c): Forecasting Performance 
Differs Seasonally 


Differential performance on a seasonal basis 
may be expected for two reasons. First, sea- 
sonal supply and demand factors affect the 
cash prices of both products. These may be 
interpreted differently by futures traders. Sec- 
ond, Leuthold (1975) has noted that there is 
substantial seasonal variation in the volume of 
futures trading, which could be a factor in 
forecasting performance. 

To determine whether seasonal differences 
exist, the dummy variable formulation was es- 
timated with the data separated by contract 
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month. Data were grouped by calculating 
index numbers of monthly cash prices over the 
entire period for which data were available. If 
the monthly index values for two months were 
similar, they were aggregated into a single 
dummy variable in order to preserve degrees 
of freedom. The base variable for cattle in- 
cludes prices for October and December; o, 
B, are coefficients for prices in February and 
April; о», 3; are coefficients for prices in June; 
and аз, Вз are coefficients for prices in August. 
For hogs, the base variable also includes 
prices for October and December; and four 
dummy variables were specified to include 
February, April, June and July/August, re- 
spectively. ' 

The results for cattle show that both cash 
and futures prices were unbiased forecasts for 
all months in which futures contracts matured 
and for observations taken from one to eight 
months before contract maturity. However, 
the regression coefficients were different than 
one for futures prices observed from two to 
eight months before the October and De- 
cember contracts matured and from three to 
eight months before the February and April 
contracts matured. In contrast, the hypothe- 
ses regarding the regression: coefficients for 
lagged cash prices were accepted for six of the 
eight lagged months for February and April. 
This suggests that, while cattle futures were 
generally unbiased and explained movements 
in cash prices for June and August over the 
thirteen years of the analysis, they did not 
generally forecast price movements well for 
October, December, February, and April. 
Furthermore, lagged futures prices forecast 
movements relatively less well than did lagged 
cash prices for these four months. 

The results for hogs indicate that all the 
futures prices met both the bias and regression 
coefficient criteria for the seasonal analysis. 
Lagged cash prices all were unbiased, but the 
regression coefficient criterion was rejected in 
four of the lagged months for October/De- 
cember, two for February, and one for April. 
According to the criteria established, it is 
clear that the forecasting performance of live 
hog futures was acceptable and somewhat bet- 
ter than for lagged cash prices during the fall 
and winter months. Comparing live hog and 
live cattle futures, it is also clear that the per- 
formance of the live hog market was superior 
during the fall, winter, and spring months. 

Again one questions the reason for the rela- 
tively poorer performance of live cattle fu- 
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tures. We suggest that, because there is a 
more distinct seasonal pattern in cash hoz 
prices than in cash cattle prices, traders in hog 
futures are better able to anticipate seasonal 
price variations. This seasonal pattern appear: 
to be reflected generally in live hog futures 
prices. 


Hypothesis (d): Forecasting Performance Is 
Different When Economic Conditions Are 
Unstable Than When They Are Stabie 


General economic conditions, including prices 
in the livestock and grain sectors, have been 
relatively unstable since mid-1973. This period 
has been characterized by unprecedented 
inflation, substantial intervention in markets 
through government policy (e.g., retail price 
ceilings on meat and an export emba-go on 
soybeans) and unprecedented variations in 
feed grain prices because of substantial fluctu- 
ations in export sales. The effects of inflation 
and policy intervention on prices are difficult 
to anticipate. Variations in feed grain »rices 
affect profitability of livestock production and 
therefore have impacts on supplv response. 
The latter affects livestock prices. Feed grain 
prices can be a determinant of breeding deci- 
sions, female slaughter, the age and weight at 
which livestock are placed on feed, the length 
of time they are maintained on feed and, there- 
fore, the weight at which they are slaughtered. 
The more variable feedgrain prices, the raore 
impact they may have on supply response and 
the more difficult will be the task of forecast- 
ing supply and prices. Thus, our hypothesis is 
that the forecasting performance of futsres 
prices is better when economic conditions are 
relatively stable. 

To delineate stable and unstable pericds, 
weekly corn prices were plotted cver the pe- 
riod from 1965 through 1977. These data 
showed clearly that both the level and variabil- 
ity of corn prices were substantially higher 
frcm May 1973 through the end of 1977 than 
du-ing the preceding period. Hence the live- 
stock price data were disaggregated to include 
a relatively stable period before June 1973 
(beginning in 1965 for cattle and 1970 for hogs) 
and an unstable period from June 1973 through 
the end of 1977. Separate equations were es- 
timated for each period and commcdity. 

esults for cattle indicate that, before Jun? 
197:, both lagged futures and lagged cash 
prices met the criteria established for prices 
lagged from one to eight months. However 
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after 1973, while neither lagged futures nor 
lagged cash prices were biased, the regression 
coefficients were less than one for all but one 
month lags. In fact, several regressions re- 
sulted in negative coefficients. 

For hogs, similar results were obtained, ex- 
cept that both futures and cash prices gener- 
ally were biased forecasts and the regression 
coefficients were less than one during the pe- 
riod of variable feed prices. The rather obvi- 
pus inference to be drawn is that livestock 
futures performed the forecasting function ac- 
ceptably when economic conditions were rela- 
tively stable, but were unable to forecast well 
when they were unstable. 


Conclusions 


Consider the dichotomy about the role of fu- 
tures for noninventory commodities addressed 
at the paper's outset. Should livestock futures 
be regarded as forecasting agencies or as mar- 
sets for rational price formation? Based on 
this analysis, the live cattle market clearly has 
not performed the forecasting function well. 
Cattle futures appear to add little forecasting 
information beyond that available in lagged 
cash prices. Live hog futures appear to per- 
form the forecasting function well relative to 
both live cattle futures and lagged cash prices, 
except during periods when economic condi- 
tions are unstable. However, the true test of a 
forecasting mechanism is its performance 
waen forecasting is most difficult. Live hog 
fu:ures fail the test. Based on these findings, 
Leuthold and Hartman's suggestion that bet- 
ter informed traders in livestock futures could 
imo»rove the market's forecasting performance 
seems fully warranted. 

Do livestock futures promote rational price 
formation? If so, then producers will respond 
to them and, following Gray's reasoning, the 
resulting supply response will be incorporated 
intc traders' expectations. Futures prices will 
then become better forecasts as contract 
maturity approaches. The lags investigated 
here are sufficiently long to elicit at least a 
short-term supply response. Yet, in most 
cases where forecasting performance was orig- 
inall; poor, it did not improve as contract 
maturity approached. Hence, the performance 
of cettle and hog futures as a rational price 
formation agency is suspect. 

Several studies of the hedging potential of 
livestock futures markets were cited at the 
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beginning of this paper. They conclude that 
routine hedging can enhance income stability. 
This implies that livestock futures markets act 
as agencies for rational price formation. How- 
ever, these studies were based on relatively 
long, aggregated time series. To improve the 
analysis of livestock fu-ures markets as hedg- 
ing mechanisms and rztional price formation 
markets, similar analysis should be conducted 
over disaggregated series as we have done. 


[Received December 1978; revision accepted 
October 1980.] 
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Farmers’ Credit Risks and Liquidity 


Management 


Peter J. Barry, C. B. Baker, and Luis R. Sanint 


Credit risks are unanticipated variations in costs and availability of credit that arise from 
forces in financial markets or from lenders’ responses to risks in agricultural markets and 
farmers’ creditworthiness. An extension of mean-variance »ortfolio theory shows how 


credit risks combine with other financial and bus ness risks to determine total risk. 
Empirical evidence from lender surveys about risks shows ihat farmers’ credit is 
positively correlated with changes in farm income, althougt the correlation is stronger 
for capital credit than for operating credit, and that variabili y in fund availability from 


rural banks has contributed to high credit risks. 


Key words: agricultural finance, credit, liquidity portfolio heory, risk management. 


Liquidity management is a principal means by 
which farmers cope with variations im cash 
flows that arise from uncertain commodity 
prices, yields, and production costs. The 
farmer’s objective is to assure that cash can 
be generated quickly and efficiently in order: 
to meet cash demands. Previous s:udies 
by Baker (1966, 1968), Baker and Bhargava, 
Barry and Baker, and Barry and Willraann, 
have provided much insight on the rcle of 
credit in farmers’ liquidity management, how 
credit appraisals differ among lenders, and 
how farmers’ perceptions of these appraisals 
interact with their managerial decisions. How- 
ever, these credit concepts and measurement 
procedures are developed in deterministic 
terms so that once the composition of credit is 
known, it is modeled as though it can be relied 
upon with complete certainty. 

Farmers’ reliance on credit as а sourc> of 
liquidity introduces risks in terms of lenders’ 
responses to changing conditions in аргїсш- 
ture and in financial markets that influence 
their lending decisions and resulting credit 
availability. These uncertain responses give 
credit the characteristics of a random variable 
whose properties can be expressed through 
the farmers' cost of borrowing. Thus, farmers' 
credit risk is an added element of their pcrt- 
folio risk that has not been accounted for in 


Peter J. Barry and C. B. Baker are professors of agricultural 
economics at the University of Illinois; Luis R. Sanint is a former 
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prior analyses. It increases with financial 
leverage and must be taken into account inas- 
much as credit management is a component of 
overall farm business management. 

The purposes of this paper are to further 
develop concepts underlying farmers' credit 
risks, to show through an extension of port- 
Zolio theory how credit risk may influence 
rarmers' debt use and, thus, firm organization, 
end to evaluate alternative methods for empir- 
ically measuring credit risk. Some empirical 
evidence is reported on credit risk associated 
with variations in farmers’ incomes and with 
changes in availability of loan funds at rural 
banks. Managerial consequences also are de- 
v3loped, using concepts of business and finan- 
cecal risk. 


Liquidity Concepts 


Liquidity concepts are based on relationships 
between a firm's composite value of assets and 
cash proceeds expected from each asset's sale 
to meet liquidity needs. An asset is considered 
perfectly liquid if its sale generates cash equal 
to or greater than the reduction in value of the 
firm resuiting from the sale (Baker 1966). As- 
sets become less liquid as their potential sale 
reduces the firm's value by more than their 
expected sales value. Factors generally con- 
sidered to influence an asset's liquidity include 
trarsactions costs, marketability, time al- 
lowed for liquidation, liquidity risk, and the 
asset’s impact on a firm’s capital integrity. 
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Transactions costs include commission 
charges, installation and assembly costs, 
transportation and storage costs, opportunity 
costs, and losses in transit. Marketability re- 
fers to characteristics of the market in which 
the asset is traded. Included are quality of 
market information, volume of trading, num- 
ber of participants, development of secondary 
markets, and other factors that cause differ- 
ences between an asset’s purchase and sale 
price at a given time (Modigliani). Timing re- 


fers to urgency of need for funds with sale. 


proceeds generally increasing as time avail- 
able for liquidation increases (Pierce). Liquid- 
ity risk refers to the relationship between asset 
values and a firm’s stochastic demands for 
cash (Chen, Jen, Zionts). An asset yielding a 
high return when cash demand is high is liquid- 
ity-preferred. One yielding a low return when 
cash demand is high is liquidity-averse, and 
one whose return is independent of cash de- 
mand is liquidity-neutral. Among liquidity- 
neutral assets, those with lower variances are 
considered to have higher liquidity (Cropper). 
Capital integrity refers to the importance of an 
asset’s income-generating role in the firm. 
Liquidations of current assets, like inventories 
or goods in production, are part of the firm's 
usual operations. Their effect on firm value 
largely is reflected directly in its balance sheet. 


In contrast, liquidations of other assets like 


machines, breeding livestock, and real estate 
deplete the firm’s income-generating capacity 
and may reduce the firm’s value by more than 
the asset's sales velue. These assets then are 
illiquid, even though some may have high 
marketability, low transactions costs, or low 
liquidity risk. 

Holding credit reserves as a source of liquid- 


ity provides a means of generating cash that. 
avoids the costs associated with liquidating 
productive assets to meet cash demands апа. 
then reacquiring assets later when adverse. 
conditions have passed. Credit reserves also. 


substitute for cash or cash substitutes as a 
source of liquidity. Using credit does not 


greatly disturb a farm’s asset structure or pro-; 


duction organization, its transactions costs are 
relatively low, and institutional sources of 
loan funds generally are available in rural 


financial markets. However, costs of maintain- 


ing and borrowing from credit reserves must 
be considered. Holding reserves reduces re- 
turns from investment opportunities that are 
foregone from further financial leverage; 
interest is paid when loans occur; and nonin- 
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terest charges like deposit balances and loan 
fees sometimes occur to compensate lenders 
for establishing lines of credit. Moreover, 
financial risk must be accounted for in borrow- 
ing (Gabriel and Baker), and there is uncer- 
tainty about future costs and availability of 
credit. 

Identifying forces affecting the supply of 
available credit and developing procedures for 
measuring a farmer's credit risk are compli- 
cated by the complexity of credit determi- 
nants, Some credit determinants originate in 
financial markets. Macroconditions attributed 
to monetary and fiscal policies, structural 
characteristics of financial markets, and 
aggregate economic performance may in- 
fluence costs and availability of loan funds; 
sO may microconditions that characterize 
financial intermediaries. These financial mar- 
ket conditions are far removed from farmers’ 
operating environments and may have little or 
no influence on farmers’ cash demands. They 
influence, but are not influenced by, farmers’ 
credit management. Hence, farmers can only 
monitor them as part of their financial envi- 
ronment. 

Other determinants of credit supply origi- 
nate in agriculture through macroeffects of 
supply-demand conditions for commodities 
and resources, and through microeffects of 
farmer-lender relationships that reflect the 
lenders’ concept of farmers’ creditworthiness. 
Creditworthiness is evaluated on the basis of 
evidence farmers supply to assure lenders that 
lending risks will be minimal and that debt 
servicing will meet the terms of the loan con- 
tract. 

In gaining these assurances, lenders con- 
sider a farmer’s personal characteristics and 
credit history, managerial qualities, wealth 
position including collateral offered as loan 
security, and income and repayment expecta- 
tions. These financial factors often are trans- 
lated into credit limits through commonly used 
rules-of-thumb.! The limits may be modified 
further to reflect managerial characteristics, 
security position, and financing practices of 
individual operators, as in the cases of 
younger, low equity borrowers, unsecured 
notes, risk-reducing practices, installment 
contracts, trade credit, and so on. 


! Examples are lenders’ willingness to loan up to 75% of farm- 
land's current market value, to require a 40% margin of equity in 
cattle placed on feed, to loan up to 75% of a crop's expected sale 
value, and to aim for an overall debt-equity ratio not to exceed 1.0. 
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The lending rules reflect risk premiums that 
lenders associate with the contingencv of hav- 
ing to liquidate the various assets being 
financed, while still providing sufficient funds 
to cover the indebtedness. The lending rules 
produce a credit limit. The difference between 
the credit limit and the actual loan disburse- 
ment is the credit reserve. Moreover, as bor- 
rowing occurs, the farmer's remaining credit 
reserve becomes more volatile in response to 
changes in asset values and income expecta- 
tions. Hence, credit reserves are expected to 
decline (increase) with lower (higher) market 
values of crops, livestock, machines, and land 
at rates that increase as leverage increases.? 

These features of creditworthiness mean 
that the effects of asset characteristics on 
liquidity are similar, whether evaluated by a 
farmer or by a lender. That is, the effects of 
transactions costs, marketabilitv, time, liquid- 
ity risk, and capital integrity are about the 
same, whether asset liquidation occurs by a 
farmer or by a lender, in the event that a loan 
reaches forceable liquidation. In general, then, 
the liquidity risk characteristics of assets ex- 
tend to holdings of credit reserves. Credit is 
positively correlated with net values of assets, 
given the firms liability structure, and is posi- 
tively correlated with net income expecta- 
tions, given the repayment commitments. 


Credit Risk and Portfolio Analysis 


Risks associated with costs and availability of 
credit are an added element of farmers’ port- 
folio risk that influence debt use and resulting 
capital structure for risk-averse farmers. 
Hence, it is appropriate to include the effects 
of credit risk in farm firm analysis in order to 
evaluate its effects on farmers’ portfolios and 
to serve as a guide for further empirical analy- 
sis. These effects are shown here bv extending 
the mean-variance portfolio model explici‘ly 
to include risk properties for costs of borrow- 
ing, and by deriving an expected utility-maxi- 
mizing farm portfolio that accounts for these 
measures of credit risk. 

The mean-variance approach is well known 
and much debated, especially abovt the lim- 
ited generality of its assumptions. However, 


? Credit relationships discussed here are not specific to any ore 
lender. The concepts cen be extended to include risks of credit 
availsbility from primary lenders and from secondary lenders like 
merckants and dealers, finance companies, and government ager.- 
cies. 
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its widespread use (Robison and Brake), its 
explicit measures of risk, and rigorous demon- 
stration (Tsiang; Levy and Markowitz) of its 
usefulness as an approximate method for port- 
folio selection help make it an acceptable 
model for showing the portfolio effects of 
credit risk. 

Consider a risk-averse farmer who must 
choose a level of debt (D) with which to lever- 
age equity (E) in financing risky production 
with total assets (A). Expected returns before 
interest and taxes and variance from invest- 
ment in risky assets are: designated ғ and o;?, 
respectively. When credit is specified only in 
deterministic terms, the cost of using credit in 
borrowing is expressed as rate i = i, + i,, with 
both components having zero variance. Com- 
ponent i, is the interest rate paid the lender, 
and liquidity premium i, is the farmer's value 
of the credit reserve. When credit is treated as 
a random variable, the cost of using credit in 
Dorrowing is expressed as expected rate i, 
"with variance от, and covariance o, with re- 
turns from risky assets. Hence, risk is treated 
in probabilistic terms with variance used to 
measure likelihoods of events occurring that 
produce results less than expected. 

To show a closed-form solution, let the 
farmer's utility function be approximated by 
the negative exponential, 


(1) U(r) = 1 – е", 


where А is the degree of risk aversion (А > 0), 
ard т is the level of income. Freund has 
shown that maximizing the expected value of a 
negztive exponential integrated over a normal 
density. function, as is assumed for r and i, is 
eqiivalent to maximizing 


(2) E(U(v)] = Е(т) — Ac. 


Notation E(v) and o,? now represent the 
expected profits and variance, respectively, of 
the farmer's portfolio. Expected profits are 
defined as the returns to assets less the cost of 
bor-owing 


(3) т = РА — iD. 
Portfolio variance is 
(4a) Or = gy, A’, 


where cost of borrowing is deterministic, and 
(4b) or = o PA? + огр? — 2Арон, 


where the cost of borrowing is a random vari- 
able. Expression (4b) is the variance of the 
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difference between two random variables. 
Hence, the covariance term has a negative 
sign preceding it, indicating that the lower 
(higher) is the correlation between r and i, the 
greater is the increase (reduction) in total port- 
folio variance (Fama, pp. 226—9). 
For the deterministic credit case, substitut- 
ing the expressions in equations (3) and (4a) 
into equation (2) yields 


(5) Е[О(т)] = E[A — iD] — Мо,2А2]. 


Substituting D + E = A and considering the 
level of debt (D) as the decision variable, the 
first-order condition for an expected utility- 
maximizing level D* is 


(6 40(т)/ар = F —i- 20D 
— 20 rE = 0, 
which gives optimal debt of 
т = і ~ 2do/VE 
e?) 2AT, ` 
Differentiating (7) with respect to F, i, А, о,2, 


and E shows the following comparative static 
properties: 


D* = 








(8a) dD*/dr = 2 > 0, 
(8b) dD*/di = Ar « 0, 
(8c) dD*/dE = —1 <0, 

(8d) dD*/d\ = inet <0, 
(8e) ^ dD*/do; = io <0. 


Optimum debt is positively related to 
changes in expected returns on assets and in- 
versely related to changes in costs of borrow- 
ing, equity, variance of returns, and risk aver- 
sion.? In the latter two cases, the inverse rela- 
tionships hold as long as expected return on 
assets is greater than the cost of borrowing. 

When credit risks are introduced, the ex- 


3 The trade-off between equity and debt in expression (8c) ap- 
pears unusual. However, it is consistent with the constant abso- 
lute risk-aversion assumption for a negative exponential utility 
function. Hence, for this utility specification, increasing wealth 
(E) does not cause a change in holdings of risky assets (A); 
rather, it allows a reduction in risk-free debt while holding con- 


stant the level of risky assets. Holdings of risky assets, and thus - . 
debt, would only increase with increases in equity if risk aversion ` 


(A) decreases or if some other parameter value changes accord- 


ingly. Jo 
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pression for expected utility maximization be- 
comes 


(9) E[U(v)] = E[rA — iD] - Mo A* 
+ o$D* — 2ADo,]. 


Again, substituting D + E = A and consider- 
ing the level of debt as the decision variable, 
the first-order condition for an expected utili- 
ty-maximizing level D* is 


(10) dU(m) = 7% —7 – 2Ao?D — 21a E 
Xd 23а гёр T 4ADO Sr + 2Eo n = 0, 
which gives optimal debt of 

* r-i- 2rE(a,? = Gri) 

а) p 2A (0, + of Tt 20i) ' 

Comparison of expressions for optimal debt 
in equations (7) and (11) indicates that the 
addition of risk measures for credit will mostly 
warrant lower use of debt, although the result 
depends strongly on the level of covariance 
оз. If, for example, covariance is zero, then 
debt use clearly is less in expression (11). 
However, if covariance is strongly positive, 
then optimal debt could be higher in expres- 
sion (11). This is shown by setting equations 
(7) and (11) equal to each other and solving for 
оң. The result is 

x ADAE -F +T) 
UD. Same таа“ 

As long as the actual o,; is less than n, 
optimal debt in equation (11) will be less than 
optimal debt in equation (7). Suppose, for ex- 
ample, that the variables have the following 
values: 7 = .12, 7 = .08, o,? = .0016, o? = 
.0004, A = .0000624, and E = $100,000. The 
values: F = .12,7 = .08, 0,2 = .0016, o? = 
.0004, A = .0000624, and E = $100,000. The 
pression (11) to exceed its value in (7). 

Comparative static properties for equation 
(11) are 


1 
tdi = аа >, 
(13a) ap dd 2X(ao? + ср xs 2a) 
-1 
13b) dD*/di = 10, 
азр) dalle va gre m 2o.) 
(13c)  dD*/dA = m diced 0, 


RTL RE: 
2r2(o,7 + o? — 2a) 
—r+i- 2rAE(a? wy о) 

2r(a,2 + o?-—2o4y ' 


3 
—(оу* — сн) 
, 
су? + о? Ex: 20, 


li 


(13d) dD*/do,? 


(13e) dD*/dE 
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=} + i+ Ele — o, 
2X(a,? + о? — Za, 

F— i AE(od — a?) 

Mo? + о? — 20;,)? ' 





(13f) dD*/do? = 


(13g) dD*/do,; = 


These results are more ambiguous than in 
expressions (8a) through (8e). In all cases, the 
denominator values are nonnegative. How- 
ever, only (13a) and (13b) have definitive 
numerator values: debt use is positively re- 
lated to chenges in asset returns and inversely 
related to borrowing costs. The relationship 
between debt and risk aversion also is mverse 
if expected asset returns exceed expected bor- 
rowing costs. Debt responses to changes in 
other parameters cannot be fully evaluated 
without kncwing their values. 


Measuring Credit Risks 


Measuring farmers’ credit risks would be sim- 
plified if lenders’ risk responses were ex- 
pressed solely as adjustments in risk pre- 
miums on interest rates for loans, rather than 
through попогісе responses. Then, the re- 
sponse of interest rates on individual loaas to 
changes in farm risk would show the part of 
farmers' credit risk that is attributed to their 
creditworthiness. Similarly, the relatiorship 
between interest rate changes induced by zon- 
ditions in financial markets and changes in 
farm loan demand would show the part of 
credit risk attributed to market forces. How- 
ever, measurement of credit risk is hampered 
by lack of explicit risk pricing on loans by 
lenders to reflzct their judgment about farm- 
ers’ creditworthiness and availability of loan 
funds. 


Nonprice Creait Responses 


Interest rates оп loans from major nonreal es- 
tate farm lenders like rural banks and ргойлс- 
tion credit associations seldom vary much 
among individual borrowers. Even when rates 
do vary, the response may be more to differ- 
enzes in loan sizes and costs of lending than to 
differences in risk. Instead, lenders' risk -e- 
sponses to differences in farmers’ cred- 
itworthiness primarily occur in nonprice ways 
that include differing loan limits among bcr- 
rowers, and differences in security require- 
ments, loan macurities, loan supervision amd 
documentation, and other means of credit ad- 
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ministration (Baker1968; Barry and Willmann; 
Robison and Barry). 

Changes in availability and cost of loan 
funds that arise from forces in financial mar- 
kets are more likely to be expressed in interest 
rates, although differences in sources and uses 
of funds among major types of farm lenders 
cause other differences in their loan policies. 
Farm Credit System (FCS) lenders, for exam- 
ple, acquire most of their loan funds from na- 
tional financial markets through sales of con- 
solidated bonds or discount notes that occur 
under highly competitive conditions. Hence, 
their access to loan funds is constrained only 
by their capacity to pay market interest rates. 
In turn, loan funds are priced to farm borrow- 
ers with variable interest rates that are ad- 
justed periodically for changes in average cost 
of funds, reserve or capital requirements, or 
other intermediation costs. These loans also 
are considered exempt from state usury laws. 
So, observations on changes in interest rates 
эп FCS loans should closely indicate the part 
of farmers' credit risk that is attributed to 
changes in financial market conditions. 

In contrast, factors affecting fund availabil- 
ity for rural banks have been much more insu- 
lated from national financial markets than for 
FCS and for larger urban banks. Rural banks 
rely heavily on local markets for attracting 
deposits as their major source of funds. De- 
mand deposits have had no interest cost, and 
historically rates on all time deposits but large, 
negotiable certificates of deposits have had 
legal limits. In periods of rising interest rates, 
tkese banks often experience disintermedia- 
tion as deposit funds are attracted to other 
investments (Benjamin).* These banks also 
arz subject to considerable fluctuation in farm 
and farm-related loan demands in their local 
market. Combined effects of these conditions 
have generated periodic stresses in rural 
baaks' liquidity and relatively high fluctuation 
in availability of loan funds for farmers. More- 
over, relatively few farm loans from rural 
banks are priced with variable interest rates. 


* Availability in late 1978 of money market certificates with 
6mcnth maturities and with minimum denominations of $10,000, 
and .vailability of 30-month time deposits both of whose rates are 
indexed to U.S. government securities appear to have greatly 
freec up banks' capacity to bid for deposit funds. These develop- 
ments together with anticipated phase-out of regulation Q and 
liberzlization of usury limits on loan rates may bring a substantial 
shift during the 1980s to reliance on price rather than nonprice 
credi: responses by rural banks. However, the relative uses of 
price апі nonprice responses to individual loan customers may 
still continue to depend heavily on levels of loan competition in 
tural 4nancial markets. 
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Data from the Federal Reserve System indi- 
cate that in early 1980 only about 1115926 of the 
amount of farm loans by U.S. banks with less 
than $400 million in total assets occurred with 
a floating (variable) rate. Use of floating rates 
increased slightly with size of farm loans and 
increased greatly for the largest banks. 

Lenders’ nonprice responses to changes in 
farm risks and to changes in financial market 
conditions, especially in rural banks, mean 
that attempting to measure linkages between 
historic changes in interest rates, farm risks, 
and farm loan demands is not a fully effective 
way to reflect farm credit risks. Instead, esti- 
mates are needed on how lenders’ nonprice 
responses are related to farm risks and farm 
loan demands. Moreover, the lenders’ non- 
price responses also make it difficult to ex- 
press credit risk in terms of a farmer’s costs of 
borrowing, as occurs in the preceding port- 
folio analysis. 


Costs of Borrowing and Nonprice Responses 


The relationship between farmers’ costs of 
borrowing and lenders’ nonprice credit re- 
sponses to risk is shown by using earlier ap- 
proaches to optimal credit use that account for 
farmers’ liquidity premiums (i,) on credit re- 
serves (Barry and Baker; Baker and Bhar- 
gava). This approach specifies optimal credit 
use as an equilibrium reflecting equality at the 
margin between a payoff schedule from using 
borrowed funds in the farm business and a 
cost-of-borrowing schedule that includes both 
the interest obligation to the lender and a 
credit reservation price reflecting the farmer’s 
liquidity premium on the maintained credit re- 
serve. The liquidity premium signifies the 
liquidity risk component of the farmer’s total 
portfolio risk and is determined by the level of 
risk aversion. | 
Panel A of figure 1 shows, for example, that 
a farmer who exhibits increasing cost of using 
credit in borrowing V, and decreasing payoff 
from borrowing V, will allocate total credit OC 
to borrowing in amount OA (70%) and to re- 
serve in amount AC (30%). However, total 
credit OC now is considered a random vari- 
able that is characterized by a probability dis- 
tribution (Р) with mean с and standard devia- 
tion, с,. Once borrowing occurs in amount 
OA, events that reduce (increase) total credit 
will be absorbed entirely by reduction (in- 
crease) in the credit reserve. A loss (gain) in 
credit reserve will raise (lower) the farmer's 
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Figure 1. Credit variations and costs 


liquidity premium on the remaining reserve, 
and thereby increase (lower) his total cost of 
borrowing. This approach assumes that any 
reduction in credit reserve does not exceed the 
previously maintained credit reserves, thus 
forcing asset liquidation or other responses. 
Suppose, as indicated in panel B, that total 
credit is reduced by 20% to OC! . Original bor- 
rowing in amount OA means that 87.596 — 
(702/802) of credit OC! now is committed to 
borrowing, with onlv 12.596 in reserve. Cost of 
borrowing increases to ï = i, + i,' because of 
the increased liquidity premium; hence, credit 
allocation now is nonoptimal. Alternatively, if 
total credit increases by 2096 to OC" (panel C), 
borrowing of OA means that 58% = (70%/ 
120%) of credit OC" now is committed to bor- 
rowing, with 4296 in reserve. Cost of borrow- 
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ing then declines to i” = i, + i," because of the 
lower liquidity premium. 

Hence, variations in the lenders’ nonprize 
responses, shown here by va-iations m credit 
limits, are directly related to changes in a 
farmer's costs of borrowing. Similarly, mea- 


sures of credit risk shown earlier as variance . 


in borrowing cost and covariance with asset 
returns can be expressed by the variance of 
credit and its correlation with factors atfecting 
farmers’ financial performance and their de- 
mand for loans. 

The following analysis focuses on proce- 
dures for measuring two components o? farm- 
ers’ credit risk: variation of credit limits in 
response to risks in farm operations and varia- 
tion of rural banks' availability of loan funds 
relative to farmers’ loan demands. 


Credit Supply and Farm Risks 


The procedure for testing the hvpothesis that 
farmers’ supply of credit is positively corre- 
lated with changes in level of farm income is to 
simulate a case farm whose level and star dard 
deviation of expected income zre estimated 
from a historic time series of prices, yields, 
and costs (Sanint). Credit evaluations for the 
case farm then are elicited from a ѕатр:е of 
lenders based on selected gain and loss ccndi- 
tions for farm income. In turn, tha likelihoods 
associated with the gain and loss conditions 
are derived with risk parameters estimated 
from the historic series. Thus, a '*mode-ate 
gain" might be the occurrence cf actual in- 
come that is 1.0 standard deviation above the 
expected value; a ''favorable gain’’ might be 
actual income that is 1.5 standarc deviations 
above the expected value. Similarly, **moder- 
ate loss” and ‘‘severe loss” might be occur- 
reaces of actual incomes that are 1.0 and 1.5 
standard deviations, respectively, below the 
expected value. In this way, the resulting vari- 
ations in lenders' credit responses can be cor- 
related with variations in farmers' income on 
the basis of the latter's known statistical prop- 
erties. . 
This approach was implemented by follow- 
ing credit elicitation procedures of earlier stud- 
ies (Baker 1968; Barry and Willmann) where 
lenders responded through a survey to a case 
loan request for a representative farming situa- 
tion. Here, the loan request contains the cas 
farmer's needs for operating expenses, capitel 
expenditures, and other cash obligations for 
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the coming year. The total loan request was 
set high enough to anticipate the lenders' re- 
jection and designed for deletion of individual 
items until loan approval was obtained. The 
approved loan request then signifies total bor- 
rowing capacity for each risk condition. 

Loan documentation was provided by state- 
ments showing financial performance for three 
risk conditions experienced by the farmer in 
the preceding year. Two replications of this 
procedure accounted for the moderate and se- 
vere cases. In the first replication lenders were 
asked to indicate the total loan granted for 
average and moderate gain-loss conditions ex- 
perienced by the farmer in the preceding year. 
Tne average case assumed that the farmer ex- 
perienced an average or expected level of per- 
formance in the preceding year. The moder- 
ate-loss case assumed that the farmer experi- 
enced a below-average level of performance in 
the preceding year with a combination of 
prices and yields resulting in farm receipt 
levels that might occur in one out of six years. 
The moderate-gain case assumed that the 
farmer experienced above-average perfor- 
mance in the preceding year with prices and 
ylelds resulting in gains that might occur in 
оле out of six years. These levels of variation 
fell roughly within one standard deviation of 
tke expected value. 

The second replication differed from the 
first only in the magnitude of gain and loss 
experienced by the farmer. Results for the loss 
and gain cases reflected income conditions 
that might occur in one out of fifteen years— 
occurring about 1.5 standard deviations from 
zhe expected value. In all cases, the represen- 
tat-ve farm was characterized as a young, es- 
tatlished farmer whose management ability 
énc prior credit record were known. Hence, 
variations in income were due to random fac- 
tors end the single year of financial data was 
set against a longer, successful credit history. 
Moreover, the sequence of borrowing needs 
and tvpe of fender were fixed so that these 
factors did not influence the lenders' credit 
responses. 


* Tte operating loan request was designed to cover expenses for 
crcp production and postharvest storage, term-loan payments, 
and fanily needs. Most of these outlays reflect fixed obligations 
that a tarmer must meet to continue his operation, although financ- 
ing needed for crop storage is more flexible because sales from 
inventcry will generate cash for other uses. In contrast, capital 
purchases for growth, modernization, or replacement offer greater 
flex bility because they generally can be postponed or cancelled 
witkout jeopardizing the firm's immediate operations. 
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Besides the designation of loan limits for 
these risk conditions, lenders also were asked 
about other loan terms that might reflect their 
response to the case farmer’s risk position. 
Included were interest rates charged on the 
loan under the stipulated farm income condi- 
tions, security or collateral requirements, and 
any other loan requirements. Thus, while the 
survey focused on total borrowing capacity for 
the various farm risk conditions, it also 
showed other potential risk responses by lend- 
ers. 

A mail survey was sent in fall 1979 to 101 
unit banks and production credit associations 
(PCAs) in south central and eastern Texas. 
Banks in the sample were required to have 
more than $1.2 million in farm loans to assure 
familiarity with farm financing. Half of the in- 
stitutions received replication one and the 
other half received replication two, so that the 
complexity of risk cases and credit responses 
was kept to a minimum for the respondents. 
Fifty lending institutions responded to the 
survey; however, sixteen responses were void- 
ed for several reasons: failure to make this 
type of loan, large loan size, lack of time to 
complete the survey. Thirty-four useful re- 
sponses occurred from twenty-five banks and 
nine PCAs, with nineteen responses from re- 
plication one and fifteen responses from repli- 
cation two. 
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Table 1 reports farm financial characteris- 
tics and sizes of loan request for the five in- 
come cases and averages of the lenders’ loan 
limits for each risk case. Averages of loan 
granted are indicated in dollar values and as 
percentages of original loan request. Using 
percentages accounts for differences in size of 
the operating loan requests for the loss situa- 
tions that result from the need for additional, 
carryover financing. 

Survey results indicate a positive relation- 
ship between the farm’s credit and the level of 
farm income in the preceding year. The aver- 
age loan granted and percentages of loans 
granted are small for the loss situations, and 
increase as the case farm’s income conditions 
become more favorable. As an example, the 
percentage of total loan granted increases 
from 57% for the severe loss to 82% for the 
favorable gain. 

However, the results also indicate that lend- 
ers differentiate their credit response be- 
tween operating and capital loans. Most of the 
credit adjustment occurs for capital pur- 
chases, where the percentage of loan granted 
ranges from 16% for the severe loss to 69% for 
the favorable gain. In contrast, credit for 
operating needs, including carryover loans, is 
more stable, with percentages of loan granted 
ranging from 78% for the severe loss to 90% 
for the favorable gain. 


Table 1. Results of Lender Survey for Farmers Income Variation 





Farm Income Conditions 

















Case 1: Case 2: Case 3: Case 4: Case 5: 
Severe Moderate Average Conditions Moderate Favorable 
Loss Loss Rep. 1 Rep. 2 Gain Gain 
Farm characteristics 
Farm receipts ($) 63,893 84,498 125,707 125,707 166,917 187,520 
Additions to retained 
earnings ($) (45,690) (25,085) 11,036 11,036 28,154 35,198 
Net worth ($) 239,619 260,224 296,345 296,345 313,463 320,507 
Debt-to-equity ratio .79 .65 .50 .50 .46 44 
Loan request ($) . 
Operating loan expenses 127,549 127,549 127,549 127,549 127,549 127,549 
Carryover 34,482 17,877 0 0 0 0 
Capital purchase loan 76,550 76,550 76,550 76,550 76,550 76,550 
Total loan request 242,581 221,976 204,099 204,099 204,099 204,099 
Average loan granted ($) 
Operating 125,676 120,493 111,309 112,428 116,482 114,524 
Capital 11,967 15,592 37,078 36,368 50,349 52,705 
Total 137,643 136,085 148,387 148,795 166,831 167,229 
Percentage loan granted 
Operating 78 83 87 88 91 90 
Capital 16 20 48 48 66 69 
Total 57 61 73 73 82 82 
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Analysis of variance (ANDV) of lenders' 
credit responses used a two-way, incomplete, 
random block design to test for significant dif- 
ferences emong levels of farm income and 
among individual lenders. Preliminary results 
using one-way ANOV had shown that, while 
lenders exhibited similar patterns of credit re- 
sponse to changes in farm income, much vari- 
ation occurred among lenders in the levels of 
their credit responses across gll farm income 
levels. That is, some lenders exhibitec much 
more liberal credit responses than others. 
Hence, the two-way approach accounts for 
both income and individual leader effects in 
the credit response. 

ANOV results show that differences in per- 
centages of total loans grantec (total credit) 
among income levels and among lenders were 
statistically significant at the 526 level. Fur- 
thermore, Duncan's test grou»ed the loss, 
average, and gain cases, respectively, but 
showed no significant differences between the 
two loss cases or between the two gain cases. 
ANOV results for capital credit were essen- 
tially the same as those for total credit. ANOV 
for operating credit also showed significant 
credit responses to changes in income, al- 
though the Duncan test identified the severe 
loss case as the most prominent source of vari- 
ation. After variation in credit responses at- 
tributed to the individual lender 2ffects is re- 
moved, resulting partial correlation coef- 
ficients between credit and farm mcome were 
estimated at .66 for total credit, .&2 for capital 
credit, and .37 for operating crecit. 

Hence, these results are consistent with the 
hypothesis that farmers’ credit is positively 
correlated with changes in level of farm in- 
come, although the correlation appears 
stronger for capital credit than for operating 
credit. In turn, positive correlation between 
cradit and income implies negative correlation 
between farmers’ costs of borrowirg and farm 
income. These numerical results also are con- 
sistent with many lenders’ written comments 
on the survey indicating that, when occasioral 
farm losses are anticipated, both farmer and 
lender must exert careful financial control to 
see the operation through the adverse period. 
Restricting capital transactions 15 a favored 
control mechanism. Lenders also appear more 
responsive to the occurrences of loss or gain, 
than to their actual magnitudes. The credit 
response for a moderate loss or gain, relative 
to {ле average case, appears much more sig- 
nificant than does the credit response between 
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a moderate and severe loss, or between a 
moderate and favorable gain. This lack of 
strong response to the extreme conditions may 
reflect the lender’s lack of sharing in the farm- 
er's short-run profits or losses. The credit re- 
sponses might differ for two or more consecu- 
tive years of loss or gain. 

Survey responses about other methods of 
risk response by lenders indicated small dif- 
ferences in security requirements, although 
security interests in crops, machinery, and 
equipment were unanimous. In some cases, 
liens on real estate and credit life insurance 
were required. No differences in interest rates 
occurred among lenders or among the risk 
cases. Banks' market interest rates were high 
enough to be limited by state usury laws, al- 
though PCA rates were not restricted by us- 
ary. Hence, nonprice loan methods were the 
.enders' sole response to the simulated farm 
risks. 


Credit Supply and Loan Fund Availability 


To evaluate farmers’ credit risks associated 
with loan fund availability at rural banks, 
s-atistical measures are derived for bankers' 
observations about changes in farm loan de- 
mands and changes in fund availability. Bank- 
ers’ observations are taken from responses of 
several hundred agricultural member banks in 
the Seventh Federal Reserve District to quar- 
te-ly survevs about farm lending conditions 
conducted by the Federal Reserve Bank of 
Chicago. Included in these surveys are ques- 
tions about loan demand, fund availability, 
lozn repayment rates, loan-deposit ratios, and 
otter credit-related information. Bank re- 
sponses are aggregated and reported as rela- 
tive frequencies or averages (Federal Reserve 
Bank of Chicago; Board of Governors of the 
Federal Reserve System). 

On several items, banks are asked whether 
conditions during the current quarter of the 
yea- are higher, lower, or the same as in the 
yea--earlier period. Index numbers then are 
computed by subtracting the percentage of 
bankers that respond “lower” from the per- 
centage that respond ''higher'" and adding 
100. Hence, index values above 100 indicate 
higher average values than a year earlier; 
index values below 100 indicate the opposite 
condition. 

Figure 2 charts the pattern of changes in the 
indexes for farm loan demand and fund avail- 
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Figure 2. Loan demand and fund availability 


ability for the 1970-1980 period. Since 1970, 
the index for farm loan demand ranged from a 
low of 114 in the first quarter of 1971 to a high 
of 169 in the third quarter of 1977. Hence, 
banks’ observations of continued growth in 
farm loan demand are indicated by the index 
always remaining above 100. In contrast, the 
index of fund availability shows much varia- 
tion with several movements around 100. In- 
deed, the later portion of the time period 
shows much disparity in the two indexes with 
fund availability reaching a decade low of 51 in 
the second quarter of 1979. 

Table 2 shows several statistical measures 
for the quarterly series of index values for the 
period beginning in 1970 and extending 
through the first quarter of 1980. The 
coefficient of variation for the fund availability 
index is relatively high, especially in compari- 
son with the coefficient for the loan demand 
index. This high variability in fund availability 
implies high variability of farmers’ credit re- 
serves. It thus adds to variance of farmers’ 
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borrowing costs through the liquidity premium 
portion of the cost of borrowing. In turn, 
higher variance of borrowing costs adds to 
farmers’ portfolio risk. 

Farmers’ credit risks are further influenced 
by the correlation between changes in loan 
demand and fund availability, although the re- 
lationship depends upon the cause of change 
in farm loan demand. Suppose that strong loan 
demand primarily is attributed to favorable 
farm income expectations. Then, using the 
covariance relationship in equation (4b) and 
recalling that the cost of borrowing and 
changes in credit reserves are inversely re- 
lated, the lower the correlation between fund 
availability and loan demand, the smaller is 
the resulting portfolio risk. The condition im- 
plies that farmers’ costs of borrowing are high 
when loan demands resulting from favorable 
income are high. In contrast, if strong loan 
demand results from farmers’ needs for loan 
extensions, loan carryovers, or other liquidity 
purposes, then lower correlations between 
fund availability and loan demand will add to 
portfolio risk. Credit reserves would be 
smaller when liquidity needs are greater. 

Results in table 2 show that indexes for 
farmers’ loan demand and banks’ fund avail- 
ability have a covariance of —63.29 and a cor- 
relation coefficient of —.16. This low correla- 
tion could imply a stabilizing effect on farm- 
ers’ portfolio risk, which offsets in part the 
risk added by variance of fund availability. 
However, the combined effects of several fac- 
tors, including both business growth and 
liquidity needs, likely influenced farmers’ loan 
demands over this time period (Federal Re- 
serve Bank of Chicago). Hence, further study 
is needed of how factors influencing loan de- 


Table2. Measures of Credit Conditions at Seventh Federal Reserve District, Agricultural Banks, 








1970-80 
Fund Availability 
Standard Coefficient 

Index Mean Deviation of Variation Covariance Correlation 
Loan demand 137.73 13.48 .098 — 62.39 ~.16 
Fund 

availability 107.24 29.41 ‚274 
Banks with 

loan-to-deposit 

ratio above 

desired level 105.59 24.80 235 690.52 95 
Average 

loan-to-deposit 

ratio 58.24 4.43 .076 — 104.84 —.80 
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mand are related to fund availability and farm- 
ers’ risks. 

Other evidence about fund availability is 
shown by relationships betwéen the index for 
fund availability, the index of bank prefer- 
ences for loan-deposit ratios, and actual loan- 
deposit ratios. Loan-deposit ratios are zonsid- 
ered a general indicator of bank licuidity. 
While not shown in figure 2, the index of 
banks’ preferences for lower loan-deposit ra- 
tios closelv follows the pattern of the fund 
availability index; moreover, the correlation 
coefficient between these two indexes for the 
1970-1980 period is .95. Hence, the loan-de- 
posit preference index may serve as an alter- 
native indicator of fund availability; fund 
availability is low when banks prefer lower 
loan-deposit ratios. Moreover, banks’ actual 
loan-deposit ratios also show a close relation- 
ship with fund availability, although the rela- 
tionship is inverse, as reflected in a correlation 
coefficient of —.80. Thus, the ir dex for fund 
availability is low (high) when the actual 
loan-deposit ratio is high (low). 

An important feature of these survey re- 
sponses is that the bankers' observations 
likelv are closely related to their expectations 
about future credit conditions. These expecta- 
tons presumably are used in managing tank 
portfolios and making credit decisions. How- 
ever, it is not clear whether the observations 
on loan demand might reflect transfers of farm 
customers to other lenders, or whether obser- 
vations on fund availability indeed are inde- 
pendent of changes in loan demards. Hence, 
several sources of bias may influence ће 
banks’ survey responses. 


Concluding Comments 


Concepts and empirical results reported here 
have shown that credit reserves, valued in pert 
for their role in risk aspects of financial maa- 
agement, are themselves subject to risk. 
Therefore credit risk also must be accounted 
for in farmers' total portfolio risk, and in anal- 
ysis of risk and liquidity management. Indeec, 
if credit becomes too volatile, it loses value as 
a source of liquidity, thereby forcing farmers 
to seek other more costly sources. 

The practical implications for risk manage- 
men: largely are empirical ones that depend or. 
characteristics of specific farm situations. 
However, some general guidelines arise from 
this analysis. Ás an example, portfolio analy- 
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sez earlier in the paper showed that the addi- 
tioa of risk measures for credit generally will 
lead to lower use of debt by farmers, although 
in selected circumstances relatively high 
covariances between borrowing costs and 
asset returns could warrant higher use of debt. 
Similarly, very high covariance could warrant 
incrzased debt in response to increase in busi- 
nes: risk. In practice, these responses are 
unlixely since responses of surveyed lenders 


indicated a strongly positive relationship be- . 


tween credit and level of farm income, imply- 
ing a negative relationship between borrowing 
cost: and levels of income. Hence, greater busi- 
ness risk is associated with higher borrowing 
cest. thus favoring lower leverage. Moreover, 
relatively high variability of fund availability 
rom rural banks adds to farmers’ credit risk, 
thus Zavoring lower leverage. 

The differences in lenders’ responses be- 
tweer operating and capital credit are impor- 
tant too. While operating credit appears more 
stable than capital credit, reduction in avail- 
ability of operating credit may trigger other 
adjustments to sustain the farm’s operations. 
Examples might include reductions in operat- 
irg inputs, changes in enterprises, sales of cap- 
ital assets, or changes in marketing plans 
(storage, hedging) that reduce needs for inven- 
tory financing. Alternatively, farmers might 
seek c:her sources of financing, refinancing 
ino longer-term loans, or access to govern- 
ment ican programs. Similar responses might 
occur Dr fund availability problems at rural 
banks. 

Higher variation in availability of capital 
credit siows that financing capacity for firm 
growth .s strongly linked to business perfor- 
mance, at least in the preceding year. More- 
over, restricting capital credit is a favored 
meens of financial control for lenders. Implica- 
Попѕ foz macroinvestment analysis also are 
evicent in the tendency for changes in credit 
avaMabiliv rather than changes in interest 
rates, especially for rural banks, to serve as 
key metbods of financially constraining farm 
investment and growth. 

Clzarly there is need for further empirical 
and conceptual research on measuring credit 
risks and эп evaluating appropriate responses 
by farmers, by lenders, and by public policy. 
The resulc obtained here are based on credit 
meas ares with rather limited geographic scope 
and small sample size; however, it would be 
surprsing to find that results differ much for 
other locations, other farm types, other lend- 
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ers, or larger samples. These measures also 
focused on lenders’ nonprice responses to 
farm risks and to financial market forces. 
More study is needed of interest rate re- 
sponses, especially to financial market forces. 
Rural banks, for example, are expected to be- 
come more price responsive in the future, al- 
though time and experience are needed to ver- 
ify these expectations. 


[Received May 1980; revision accepted 
November 1980.] 
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Determinants of Public Services Provision in 
Rural Communities: Evidence from Voting 
on Hospital Referenda 


Rodney D. Fort and Jon B. Christianson 


There has been considerable recent research rezasding the determinants of consumer 
demand for collectively provided goods, but relati el little cf this research has focused 
on rural areas or issues that are particularly impor ant to гига residents. In this paper, а 
public choice analytical framework is adopted tə analyze vot-ng behavior on rural 
hospital referenda. The results of the analysis aid in understaading support given by rural 
residents to low occupancy. rural hospitals and п predicting epposition to public sector 


efforts to close such facilities. 


Key words: public services, referenda, rural hospitals, voting. 


The purpose of this paper is to identify fzctors 
influencing support for rural hospital: zs re- 
vealed through voting outcomes on Lospital 
referenda. In the past, severa. researchers 
have noted tne relative lack of empir czl re- 
search based on well-developed thecretical 
models of community service provision in 
rural areas (Day, Jones and Gessaman, Ed- 
dleman, Brurn and Jones, Jones and Mur- 
cock, Dunn ага Doeksen). In particular it has 
teen observed that little is known regarding 
raral consumer preferences for collectively 
provided goods and services (Jones anc Ges- 
saman, p. 942; Eddleman, p. 959; Brum and 
Jones, p. 46; Vlasin, Libby, Shelton, p €00; 
Jones and Murdock, p. 955; Freeman, p 917) 
and the roles which institutional factor: and 
special interest groups play in explaininz ob- 
served levels of service provision (Jone: end 
Gessaman, p. 937; Eddleman, pp. 952-50; 
Brunn and Jones, pp. 379; Vlasin, L_bby, 
Shelton, p. 908; Dunn and Doeksen, p. 53). 
The analysis of voting patterns on referenda 
pertaining to rural public services has »een 
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identified as one potentially productive 
method for addressing these issues (Jones and 
Gessaman, p. 942; Vlasin, Libby, Shelton, p. 
c07; Freeman, p. 917). 

In analyzing voting behavior on rural hospi- 
tal referenda, the paper adopts the public 
chcice analytical framework suggested in this 
jcuznal by Ostrom and by Arnold. Central to 
tke public choice approach is the incorpora- 
tion of the individual consumer as an integral 
component in a theory of collectively provided 
services (Arnold, p. 860), as well as the 
explicit consideration of the impact of institu- 
ticnal design on collectively provided service 
levels (Ostrom, p. 849). Hence, the analysis 
addresses some of the shortcomings in the 
existing literature as cited above. 

The paper is organized in four parts. First, a 
description is provided of hospital referenda 
anc their policy importance. Then a theory of 
individual utility maximization in the presence 
of »cth private goods and collectively pro- 
vided hospital capital is developed. This 
theorv is placed within a specific institutional 
con:ext that emphasizes the potential for spe- 
cial interest groups to influence the level of 
rural hospital referenda expenditures. Third, 
the modifications of the theory required for 
empirical application are described. In particu- 
lar, the example of other authors is followed in 
adorting a ‘‘representative voter” approach to 
&ccommodate the aggregated nature of avail- 
able socioeconomic data and secret ballot vot- 
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ing results. Hence, although grounded in a 
theory of individual behavior, the empirical 
interpretations pertain more generally to 
**community”’ support for rural hospitals (Dea- 
con and Shapiro). Finally, an empirical anal- 
ysis is conducted of voting behavior in rural 
hospital referenda as a function of the 
explanatory variables suggested by the theory, 
and the results of this analysis are interpreted. 


Background 


- In accordance with the National Health Plan- 
ning and Resource Development Act (1974), 
guidelines for health planning were issued by 
the Department of Health, Education, and 
Welfare in 1978. Among other recommenda- 
tions, the guidelines suggest that a maximum 
of four hospital beds per thousand people and 
a minimum of an 80% occupancy rate for these 
beds are desirable for an efficient hospital sys- 
tem (Zwick). Rural hospitals typically exhibit 
occupancy rates considerably lower than the 
recommended 80% and therefore are regarded 
as inefficient because these low occupancy 
rates are believed to result in higher than nec- 
essary hospital costs. These costs presumably 
are reflected in charges, area insurance pre- 
miums, and state and federal Medicaid and 
Medicare reimbursements for rural hospital 
services, thereby shifting some of the burden 
imposed by the excess capacity to taxpayers 
and insurance purchasers outside of rural 
areas. One implication of the guidelines is that 
these collective costs could be reduced 
through reductions in rural hospital capacity 
so long as the reductions did not significantly 
impair access to acute care for rural residents. 

In the policy debate surrounding the guide- 
lines, rural residents have strongly supported 

low occupancy rural hospitals, citing the im- 
portance of the facilities to local economies 
and their usefulness in attracting physicians 
and providing emergency medical services 
(Zwick). Furthermore, rural residents point 
out that they often subsidize hospital operat- 
ing losses with local tax revenues, thereby 
accepting a portion of the social costs which 
might result from the inefficient use of re- 
sources implied by low occupancy rates. The 
analysis below attempts to illuminate this pol- 
icy debate by identifying the important deter- 
minants of support for rural hospitals using a 
well-defined economic framework. Voting 
outcomes on hospital referenda in rural areas 
are particularly well suited as empirical indi- 
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cators of support within such a framework. 
Pommerehne and Schneider argue that the in- 
centive for voters to make informed decisions 
is greatest in referenda elections because these 
elections address one well-defined issue. Typ- 
ically, the debates prior to the vote on a hospi- 
tal referenda are vigorous, and the ballot 
choices are clearly stated. Hence there is rela- 
tively little voter uncertainty about tax effects 
and total expenditures. This makes the per- 
sonal benefit-cost calculus of voters less com- 
plicated than for other types of elections and 
reduces the incentives for voters to be ''ra- 
tionally ignorant.’’ Therefore, by relating re- 
ferenda voting outcomes to characteristics of 
voting populations and of the referenda them- 
selves, it is possible to identify important de- 
terminants of support for hospitals in rural 
areas. 

The typical rural hospital referendum pro- 
cess is initiated when the desire for a facility is 
made known to elected officials by a local 
"health contingency’? composed of physi- 
cians, health care administrators, and con- 
cerned elements of the general population. In 
the abstract, Romer and Rosenthal (1978, 
1979a, b) refer to this group of influential citi- 
zens as the ‘‘setter.’’ The hypothesized goal of 
the setter is public expenditure maximization. 
Based primarily on the setter's advice, the 
policy maker then proposes the level of the 
referendum. The referendum usually takes 
one of three forms: funds for building a new 
hospital where none existed previously, funds 
for building a hospital to replace an existing 
facility, or funds for remodeling or expanding 
an existing hospital. Typically, the referendum 
is characterized by the health contingency as 
an ''all-or-nothing" proposition. For the first 
category, a new hospital, the threat is that 
physicians will leave the rural community (or 
will not be attracted to the area) unless the 
facility is built. In the remaining cases, the 
threat is that physicians will leave and/or that 
Medicare/Medicaid accreditation will be lost, 
forcing the facility to close, unless the ref- 
erendum is passed. Thus, voters are faced 
with an apparent choice between the tax ex- 
penditure associated with referendum passage 
or alteration of the current level of hospital 
services should the referendum fail to pass. 


Model 


Assume that an individual i, confronted with а 
hospital referendum voting decision, pos- 
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sesses a well-behaved utilitv functicn incor- 
porating (for simplicity of exposition) only col- 
lectively provided hospital services 2, and a 
privately provided good x: 


(1) ui = u(g,x). 


Adopting the approach of Mikssell and Blair in 
their analysis of voting on school -eferenda, 
hospital services are assumed to recuire capi- 
tal Gv) and labor (/) inputs, 


(2) 8 = g(w,l). 


It is assumed that a unique level о> labor is 
associated with each level of collectively pro- 
vided hospital capital. This assumption is rea- 
sonable in light of Medicare/Medicaid regula- 
tions requiring specific numbers and types of 
personnel per hospital bed. Hospital services 
then can be treated as a variable affected only 
by adjustments in the level of hospi:al capi- 
tal: 


(^) i = u(g(w),x). 


In this simple, two-good world, the individ- 
ual budget constraint is 


(3) I = pxi + rv! 


where [© is income of the ith individual, p is 
price of one unit of the privately provided 
good, x! is units of the privately provided good 
consumed by the ith individual, ~ is mill rate 
levied to cover the cost of collectively pro- 
vided hospital capital, and v! is assessed value 
of taxable property possessed by the ith indi- 
vidual. 

The mill rate is assumed to be determiaed 
by the collective taxing authority from the bal- 
anced budget constraint 


(4) h[g(w)] ^ G[g(w), I] + rV. 


wnere h[g(w)] is the cost of a given level of 
collectively provided hospital capital, V repre- 
seats the total assessed value of all community 
taxable property, and Z° is the community .n- 
come level. The specification of G in equation 
(4) allows for intergovernmental grants. Н.ѕ- 
torically, the level of rural hospital ca»ital 
stock has been influenced by federal grants 
under the Hill-Burton Program. Hill-Bu-tcn 
grants were related positively to the amount of 
pro»osed spending for hospital construc-ion 
and negatively to the community income level 
(Lave and Lave). Solving (4) for the mill rate, 
r, substituting into (3), and rearranging terms 
yields the consumer's reduced private-social 
budget constraint, 
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(5) i 
Р = px' + + {hlg(w)] — Glew), I). 


The highest attainable level of individual util- 
ity occurs where (1’) is maximized subject to 
constraint (5). It can be demonstrated that 
optimal consumer behavior results in the allo- 
cation of expenditure so that the marginal util- 
ity per dollar spent on x and g(w) is equal. 
(The mathematical development is available in 
mimeographed form from the authors.) Fur- 
thermore, in equilibrium the consumer's valu- 
ation of the additional utility from a change in 
hospital capital stock just equals the consum- 
er's additional cost resulting from that change. 
However, the individual is not free to attain a 
personal optimum level of g(w) because the 
level of hospital capital is the result of a 
nonincremental, collective decision. Hence, a 
theory that unifies the individual optimization 
strategy and the institution of voting is re- 
quired. 

Assuming that the constraint in equation (5) 
қ satisfied, the optimal level of private con- 
sumption can be expressed in terms of price, 
Cisposable income, and a predetermined level 
cf collectively provided hospital capital. The 
highest attainable level of utility for individual 
i can be written as 


(6) max ul = U,' (py, еб), I 
1 
= =y Pew) — Glew), Fh). 


A change in public policy toward provision of 
hcspital capital would affect those variables 
with the k subscript. (Since 0/У is in part 
choice-determined, its inclusion as a paramet- 
ric variable on the right-hand side of (6) is not 
strcily valid. However, this does not alter the 
essential model results.) A referendum con- 
fronts the voter with a choice between two 
alternative outcomes. Let k = 0 denote the 
outcome if the referendum fails to pass, and let 
k — 1 denote the outcome if the referendum 
does pass. The highest attainable utility levels 
asscciated with each outcome аге U,! and Uj, 
respectively: 


(7) 


U'[ps, gw»), Io! — RS (h — С}, 
(8) 


S 
] 


U' [pr g(wi), Li — -5- (h — G),]. 


The voting rule consistent with utility maximi- 
zation is vote YES if U,'> Uj, otherwise 
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vote NO. This voting rule abstracts from the 
case where U,' = Ui. With equal alternative 
utility levels, it is possible that the voter may 
abstain; however, the voter’s presence in the 
booth is taken as evidence that this condition 
is not in force. 


Data and Empirical Modifications 


Explanatory variables expected to influence 
the individual’s voting decision can be iden- 
tified conveniently in terms of the difference in 
potential utilities under referendum passage 
and referendum failure (Deacon and Shapiro). 
This difference in potential can be written in 
"change notation” as 


(9 Uj;- U = AU'(Ap,g(Aw), АГ 


- -y Ане 0)1 — Glew), rI), 
where Ap, Aw, Al‘, and > А (h — G) rep- 





resent differences in private goods prices, 
hospital capital, income, and tax bill. 

An empirical test of the model was devel- 
oped based on voting results in rural hospital 
referenda in ten states (Colorado, Idaho, Kan- 
sas, Montana, Nebraska, Nevada, North 
Dakota, South Dakota, Utah, Wyoming) dur- 
ing the years 1946-1978. Through an initial 
survey of 542 county clerks in August 1979, 
152 health care referenda were discovered. Of 
these referenda, sixty-nine elections relating 
only to hospitals were chosen for analysis. A 
subsequent, more detailed, survey produced 
complete data on voting outcomes and ref- 
erenda characteristics in fifty-five cases, in- 
cluding seven elections involving new hospi- 
tals where none existed previously, eighteen 
elections involving additions to existing hospi- 
tals, and thirty elections involving replace- 
ment hospitals. 

The categories of explanatory variables se- 
lected for empirical analysis included (a) the 
level of hospital capital that would prevail 
under passage of the referendum, w,; (b) the 
level of capital associated with referendum 
failure, wo; (c) income, I‘; (d) expected income 
changes due to passage or failure of the re- 
ferendum, AI‘; (e) the prices of collectively 
provided hospital capital to the representative 
resident, v/V; and (f) intergovernmental 
grants. Unfortunately, data limitations re- 
quired the use of proxy measures in the empir- 
ical estimation of the model. For instance, the 
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exact nature of the capital stock which would 
result from a referendum passage, w,, would 
be uncertain from the voter's perspective. 
Therefore a proxy variable was defined for w, 
that was simply the referendum dollars which 
would be spent per county resident. This ap- 
proach also was adopted by Mikesell and Blair 
(p. 405) and Borcherding and Deacon (p. 893). 
In explaining use of this proxy in analysis of 
school referenda, Mikesell and Blair argued 
that ‘‘schoal district community service ex- 
penditure per pupil . . . introduces visibility of 
both latent and manifest functions provided by 
the school plant and facilities. Higher levels of 
these expenditures will increase individual 
perception of the public output from school 
buildings and, hence, the percentage of voters 
favoring a bond issue” (р. 405). Similar expec- 
tations were held with respect to the influence 
of expenditure per capita in voting on rural 
hospital referenda. 

Proxy measures also were required for the 
level of hospital services the voter expected to 
prevail if the referendum failed (wọ). Two al- 
ternative descriptions of hospital capital stock 
levels under referendum failure (or ‘‘reversion’’ 
levels of capital stock) were compared for 
analysis of cases where there were existing 
facilities. If the voter expected to lose the 
existing facility in the event of referendum 
failure, then the voter-anticipated available 
hospital capital was assumed equal to that 
level associated with the next best alternative, 
defined as the facility nearest the one threat- 
ened with closure. (This also was adopted as 
the reversion level in referenda for new 
facilities, with the alternative defined as the 
nearest facility to the county seat.) On the 
other hand, if the voter did not believe the 
threat of facility closure, then the set of 
characteristics describing the present facility 
(the ‘‘status quo") was assumed to describe 
the relevant reversion level expected by the 
voter. 

The variables chosen to reflect capital stock 
levels under each assumption were (a) the size 
of the hospital, 5, measured by the number of 
beds; (b) the percentage of occupancy rate 
during the year of the election, 0, indicating 
the average availability of hospital capital; (c) 
the age of the building, a, a proxy for the 
condition of the structure itself; and (d) the 
road distance from the existing facility or the 
county seat to the nearest alternative, D, indi- 
cating response time and travel costs asso- 
ciated with utilization of the capital stock. 
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Because the referenda analyzed in this 
study involved changes in tne property tax 
rate, the perceived cost of added services de- 
pended on the assessed value of an individ- 
ual's taxable property. When 


i i 
(a coe 

and the A and B subscripts indicate d:fferent 
counties, the implication is that desirec levels 
of collective hospital capital would be greater 
in county B than in county A. The pro»ortional 
tax cost for the representative individual in 
each county was approximated by dividing the 
median county housing value by the total 
county taxable property value. (The condi- 
tions under which this empirical measure of 
tax impact can be interpreted as reflecting dif- 
ferent desired levels of spending are described 
in detail by Barr and Davis [p. 152] and appear 
valid for the theoretical model developed in 
this paper). 

The model also suggests that  inter- 
governmental grants through the Hill-Burton 
Program would affect the voter's decision. 
Data were available on (a) the expenditures 
specified in the sample referenda and (b) the 
hospitals in the sample receiving Hill-Eurton 
funds. Unfortunately, it was not possible to 
ascertain whether expenditures specified in 
the referenda covered the difference between 
total project cost and Hill-Burton monies. 
Hence, a precise estimate of the effect of 
Hill-Burton money on net county cost 
fhigQw)] - G[g(Qw), F]) in equation (9) was 
unobtainable. However, data were available 
to construct binary variables defined as (a) 
Hill-Burton funding within eight years prior 
to the election aad (b) within eight vears after 
the election. It was hypothesized that tke 
presence of Hill-Burton funds would have a 
positive effect on the probability of a yes 
vote, ceteris paribus, because the county 
would not actually receive the approved 
funcs unless the balance of the total cost 
were covered. Tke omitted category was ' no 
Hill-Burton funding” within eight years of the 
election. 

Income variables suggested by the model 
include the income of the representative voter 
at the time of the referendum, F, and expect2d 
changes in income under passage and failure 
of the referendum Al’. While I! can be mea- 
sured by median household income, perceived 
changes in income are unobservable. Past 
studies have addressed this problem Ly iden- 
tifying groups within the population thet could 
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be expected a priori to experience changes in 
income due to changes in hospital output. The 
proxies used for empirical analysis were (a) 
the percentage of the county population which 
‘was employed full time in the existing facility 
at the time of the referendum and (b) the per- 
centage of the county population which was 
employed in retail and wholesale establish- 
ments. The latter was adopted as a proxy for a 
group in the community which would be af- 
fected by changes in hospital expenditures and 
the expenditures of hospital visitors. 

It also was expected that aggregate voting 
resulis would be related to the relative size of 
zroups of potentially high demanders in the 
-eferenda counties (Deacon and Shapiro). 
Consequently, the following variables were in- 
traduced: the percentage of the county popu- 
lation over sixty-five years of age and the birth 
rate per thousand population in the county. 

In addition to the explanatory variables de- 
scribed above, two sets of variables were in- 
c.uded in the empirical analysis as controls. 
First, the year of the referendum was used to 
control for institutional changes over time, 
sich as the introduction of Medicare and 
Medicaid reimbursements. Second, two bi- 
nary variables were utilized to differentiate 
among the types of issues covered by the ref- 
erenda: new hospitals where none previously 
existed, replacement of existing hospitals, and 
additions to existing hospitals. 

In summary, a framework for estimating 
aggregate community responses to proposed 
chenges in hospital capital levels was devel- 
oped in a previous section of the paper. While 
secret ballot voting procedures preclude esti- 
mat on of any particular individual's demand, 
the existence of known voting outcomes for 
smal geographic areas does allow inferences 
to be made about community preferences from 
&ggregate oehavior, subject to the following 
types. of assumptions. First, because voting 
outcome data are available only in an aggre- 
gate orm, it must be assumed that summary, 
and sre cases proxy, values for explanatory 
variables can be used in place of individual 
values. (All monetary variables were ex- 
pressed in real terms using 1967 dollars. A 
complete description of data and sources is 
available from the authors upon request.) 
Second, since actual voting outcomes are to 
be explained and values used for some of the 
explanatory variables pertained to the general 
popula-ion (not just voters), it must be as- 
sumed that the characteristics of voters coin- 
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cide with the characteristics of the general 
population. Finally, it was assumed that no 
changes in the prices of private goods were 
anticipated by voters because of changes in 
hospital capital stock. 


Results 


Three basic linear models were estimated: 


(10) Ү= а + Вх + є, 
(11) Y — а + В'х + 0s + є, and 
(12) = а + Вх + yt + є, 


where s is а set of characteristics describing 
the alternative reversion level of capital stock, 
t is a set of characteristics describing the 
status quo reversion, x is a vector containing 
all other explanatory variables, Y is a variable 
representing voting behavior, є is a normally 
behaved error term, and the a’s, 3°5, 0's, and 
y's are model parameters. 

The logit model specification was adopted 
for estimation of equations (10-12). This spec- 
ification assumes that the probability of voting 
yes for any individual is logistically distrib- 
uted. (Pindyck and Rubinfeld, p. 247). In 
logarithmic form it reduces to 


13 SUPR. gs 
(13) log [r- P] а + ВХ, 


where Pr(Y) is the probability of a yes vote- 


given the vector of explanatory variables, X. 
With repeated sample observations for given 
values of the explanatory variables, Pr(Y) can 
be approximated using the ratio of yes votes to 
total votes in a given election. Therefore, equa- 
tion (13) becomes 


(14) EA 

log ( A а t ВХ 
Сох (pp. 33-34) has demonstrated that ап 
amended version of the model performs better 
for small sample data: 


Ү+ 1/2) _ 

log (19) = e + BX 

Further, since the specification in equation 
(15) is characteristically heteroskedastic 
(Kmenta, p. 426) weighted least squares is ap- 
propriate. The weights applied to both sides of 
(13) in estimation were the inverses of the 
square roots of the variances of the dependent 
variable (Intriligator, pp. 165—173). These 


(15) 
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weights attach greater importance to referenda 
with a large number of voters as well as to 
referenda where the voting outcome is close. 

Table 1 presents the results of estimating 
equations (10)-(12) using the weighted logit 
technique. Evidence concerning the explana- 
tory power of the reversion capital stock levels 
is revealed in four ways. First, none of the 
characteristics chosen to represent either re- 
version level are significant individually at the 
80% confidence level. In addition, an F-test 
reveals that these characteristics, taken to- 
gether, do not contribute significantly to the 
explanation of the probability of a yes vote for 
either specification. Third, all capital stock 
characteristics taken together (i.e., all charac- 
teristics pertaining to both the alternative re- 
version and the status quo reversion com- 
bined) do not contribute significantly to the 
explanation of the probability of a yes vote. 
Finally, the F-value for the alternative rever- 
sion set of characteristics is significant at the 
71.7% confidence level while the F-value for 
the status quo reversion set of characteristics 
is significant at the 76.8% confidence level. 
This small difference suggests that neither re- 
version specification is preferable on statisti- 
cal grounds. (Given the small difference be- 
tween these significance levels, the test statis- 
tic suggested by Pesaran [1974] was not com- 
puted.) 

For equation (10), the basic model in table 
1, the following results are consistent with a 
priori expectations (significance levels are in 
parentheses): (a) the probability of a yes vote 

v! 


V 


vided hospital capital to the representative 
voter increases (99%); (b) the greater the pro- 
portion of residents who stand to gain in terms 
of increased business interplay with the hospi- 
tal and its visitors, the more probable is a yes 
vote (99%); (c) the probability of a yes vote 
increases if Hill-Burton funds were approved 
within eight years prior to the election relative 
to the omitted category, ‘‘no Hill-Burton 
funds" (80%); and (d) changing preferences 
and institutional arrangements over time have 
increased the probability of a yes vote (8096). 

Two highly significant empirical results de- 
serve special attention. First, referenda for re- 
placement hospitals increase the probability of 
a yes vote relative to referenda for new hospi- 
tals where none existed previously (99%). 
Apparentlv, rural communities which have 


decreases as the cost of collectively pro- 
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Table 1. Empirical Results 
Basic Alternative Status Quc 
Variables Model Reversion Reversion 
a. Price —1.512 —1.338 —1.348 
(5.947) (4.303) (5.134) 
b. Income -00001 —.00012 -.00001 
(.106) (.805) (.081) 
c. Expenditure ~7.220 —6.977 —7.307 
per capita (5.172) (3.446) (4.857) 
d. Retail- 
wholesale 13.004 17.883 12.017 
employmeat (2.848) (3.353) (2.547) 
e. Hospital — 1.036 61.133 38.348 
employment (.017) (.352) (.562) 
f. Over 65 —7.821 —7.387 -9.133 
(1.220) (1.210) 1.338) 
g. Birthrate .0094 .C008 .0074 
(.338) (.025) (.232) 
h. Hill-Burton, .763 .991 .643 
before (1.926) (2.031) (1.605) 
i. Hill-Burton, —.040 —.129 —.295 
after (.112) (.236) 7.788) 
j. Additions .286 —.239 - .013 
(.537) (.357) 4.022) 
К. Replacements 1.302 -760 1.060 
(2.954) (1.568) (1.949) 
1. Referenda year .048 .045 045 
(1.509) (1.212) (1 341) 
Reversion varizbles 
a. Number of b2ds 002 -202 
(1.144) (.512) 
э. Occupancy rete —.004 808 
(.520; (.Е78) 
с. Age of building .010 014 
(.934) (1.141) 
d. Distance 016 
(1.080) 
Statistics 
R? .977 .979 98) 
Adjusted R? .970 .971 972 
Dezrees of 
freedom 42 38 39 
Sample size 55 55 55 
Overall F-Value 147.968 117.467 123.199 





Note: t-values are given in parentheses. 


experienced a local hospital are stronger sug- 
porters of hospital referenda than com- 
munities where no hospitals exist. Second, the 
probability of a yes vote is inversely related to 
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levels of expenditure per capita (99%). This 
result is counter to expectations. The theoreti- 
cal model hypothesized that voters made their 
decisions by comparing the utility levels asso- 
ciated with passage or failure of the referen- 
dum. Therefore any element of the referen- 
dum proposal that decreased utility was ex- 
pected to have an adverse effect on the proba- 
bility of a yes vote. The empirical result that 
higher relative expenditure per capita levels 
decreased the probability of a yes vote implies 
that if rural residents could have more expen- 
diture per capita at the same price, they would 
not desire it. Possible explanation of this 
finding is that residents of rural counties are 
debt-averse. 

At first glance, the significant negative 
coefficient on the expenditures per capita 
variable does not seem to conform with the 
fact that rural hospital elections pass with few 
2xceptions. One explanation for this apparent 
consistency is based on the distribution of 
benefits and costs from the provision of rural 
hospital capital through debt financing. The 
empirical results suggest that voters involved 
in retail and wholesale trade are likely to be 
supporters of rural hospital referenda. This 
outcome is consistent with the hypothesis that 
this group of voters, and other groups like 
them, receive concentrated benefits from an 
increase in hospital capital. Conversely, the 
costs associated with an aversion to collective 
debt are likely to be diffused across all voters. 
It is expected that those voters who stand to 
gain substantially are more likely to vote than 
are other rural residents. Further, the goals of 
these potential gainers are in accordance with 
the hypothesized public expenditure maximi- 
zation goal of the setter. Hence, to the extent 
that the untility positions of potentially deci- 
sive voting groups are enhanced, the setter 
can act to increase expenditure-per-capita 
levels and still be confident of referendum 
passage. The utility gains from concentrated 
benefits outweigh the utility losses generated 
by aversion to debt. It is important to note 
that. while this explanation may be intuitively 
appealing, the aggregative nature of the voting 
data does not permit careful examination of 
whether such groups are actually decisive. It 
would be necessary to employ individual vot- 
ing cata to explore in detail the validity of 
explanations such as this. 

The empirical results which are not sig- 
nificant also deserve brief discussion. The 
variable for median family income of the rep- 
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resentative voter is insignificant and its sign 
changes under the two reversion capital stock 
specifications. One explanation for this out- 
come is the existence of multicollinearity 
among the independent variables. Regression 
results indicate that 99.7% of the variation in 
income can be explained by variation in the 
other independent variables: This problem 
also plagues the variables for hospital em- 
ployment (R? = .958), percentage of the popu- 
lation over sixty-five (R? = .990), and birth- 
rate (R? = .982). It is interesting to note that 
the coefficient for percentage of the population 
over sixty-five, which is nearly significant at 
the 80% level, has a negative sign. It was hy- 
pothesized that the elderly would be charac- 
teristically high demanders of hospital capital 
because of their greater than average demands 
for hospital services. An explanation for the 
opposite result may be that the elderly are 
averse to paying in tne present for capital in- 
vestments yielding long-run benefits which 
they may never capture. Alternatively, one 
could speculate that this group holds a rela- 
tively high proportion of the value of county 
taxable property and thus bears concentrated 
present costs if the referendum passes. 


Conclusions 


A theoretical model of voting on rural hospital 
referenda was developed and tested in this 
paper. The results Lave at least two interesting 
policy implications. First, it appears that in- 
creases in hospital capital expenditures per 
capita will not enhance the probability of ref- 
erenda passage, all else remaining equal. This 
tends to indicate general dissatisfaction with 
the levels of public expenditures specified in 
the elections studied. However, the elections 
typically pass despite this dissatisfaction. One 
explanation of this outcome focuses on the 
distribution of benefits and costs from rural 
hospital provision, an explanation which can- 
not be explored empirically using the ‘‘rep- 
resentative voter" methodology employed in 
this paper. 

A second conclusion of interest is that the 
characteristics cf the hospital capital stock 
which would prevail if the referenda failed are 
not significant explanatory variables in the 
analysis. Yet, these variables commonly are 
offered in heuristic explanations of support for 
hospitals in rural areas. Instead, variables 
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such as price and the relative importance of 
benefiting groups are statistically significant 
and consistent with a priori hypotheses. This 
suggests that support for rural hospitals and 
opposition to rural hospital closures will be 
strong in counties with relatively low personal 
property taxes and high concentrations of ben- 
efiting groups. 


[Received June 1980; revision accepted 
December 1980.] 
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Estimating Farm-Level Input Demand and 
Wheat Supply in the Indian Punjab Using a 
Translog Profit Function 


Surjit S. Sidhu and Carlos A. Baanante 


Application of the translog profit function to farm-level data from Punjab, India, allowed 
a more disaggregated analysis of the farm production structure compared to the case of 
Cobb-Douglas formulation. The flexibility afforded by translog formulation permitted 
measurement of the different impacts that exogenous variables have within and across 
input demand and output supply functions. Policy-relevant elasticity estimates with 
respect to variable inputs and output prices, fixed inputs, a few soil-related 
**state-of-nature'' variables measured by soil analysis, and education, which are usually 
considered constraints to farm production, were obtained, and two examples of policy 


applications were developed. 


Key words: constraints, disaggregated analysis, farm production structure, flexibility, 


soil analysis, state of nature, translog profit function. 


The econometric applications of the new pro- 
duction theory based on the duality relation- 
ship between production functions and vari- 
able profit functions represent a major step 
forward toward generating appropriate empir- 
ical estimates of agricultural supply and input 
demand functions which are crucial for appli- 
cations of economic theory for agricultural 
development policy (Lau and Yotopoulos 
1971, 1972; Yotopoulos and Lau; Yotopoulos, 
Lau, Lin; Sidhu; and Sidhu and Baanante). 
Furthermore, the development of flexible 
functional forms by Diewert (1971, 1973, 
1974); Christensen, Jorgensen, and Lau; and 
Lau (1974, 1976) permits applications of the 
duality theory for a more disaggregated analy- 
sis of the production structure than has been 
possible by traditional approaches.! Thus, the 
need to aggregate heterogenous exogenous 
factors that are expected to differ in their im- 
pact within and across input demand and out- 
put supply functions is considerably reduced, 


Surjit S. Sidhu and Carlos A. Baanante are economists at the 
International Fertilizer Development Center, Muscle Shoals, 
Alabama. 

! This is not to suggest that the traditional functional forms, for 
example, the Cobb-Douglas, are not appropriate for several other 
types of analyses, only that their use to study the details of 
structure of production is restrictive. 


and the use of an array of environmental fac- 
tors is possible. 

The purpose of this paper is to apply the 
normalized, restricted, translog profit function 
and the corresponding system of derived de- 
mand to the farm-level data for Mexican wheat 
varieties (MWV) from the Indian Punjab in 
order to generate policy-relevant empirical es- 
timates for wheat supply and input demand 
functions. In addition to the usual types of 
variable and fixed inputs, a few soil-related, 
‘‘state-of-nature’’ variables measured by ac- 
tual soil analysis and education are included in 
this analysis. 


The Translog Profit Function Model 


In this section we first present a brief exposi- 
tion of the concept of translog profit function 
and then develop some basic derivations to 
compute various input demand and output 
supply elasticities. The formulations consti- 
tute the basis for empirical implementation of 
the model in the next section. 

A generalization of the normalized re- 
stricted translog profit function for a single 
output is given by Diewert (1974); Christen- 
sen, Jorgensen, and Lau: 
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п 
(1) тё = а, + b ojnP*, 


i=l 


n t m 
>, yalnP*nP*, + by 23 6,,1aP* Ар 
i=l k=1 
m 
* p BylnZ;, + 4 2 У QZZ, 
=] $i 
where yin = ум for all A, i, and the furction is 
homogenous of degree one in prices of all 
variable inputs and output. The definition of 
the variables and the notation used are as fol- 
lows: л* is the restricted profit—total revenue 
less total costs of variable inputs—norraalized 
by P,, the price of output; P*, is the rrice of 
variable input X;, normalized ty P,, the price 
of output; Z, is the kth fixed inputs; i = A = 1, 
2,3,...,nt+k=j=1,2,3,...,m;lr isthe 
natural logarithm; and о,, oj, Fins Six, Ex, and 
фь; are the parameters. 

Define 5; = Р*,Х,/т* as the ratio of variable 
expenditures for the ith input relative to re- 
stricted profit. Let 5, = V/«r* be the ratio of 
output supply (V) to normalized, restricted 
profit. Note that S, is also equivalent t5 the 
ratio of the total value of output to restricted 
profit. Differentiating the translog profit unc- 
tion (1) with respect to InP*, anc InP, gives a 
system of variable input/profit ratio func-ions 
and an output supply/profit function (Die vert 
1974; Christensen, Jorgensen, Lau). Because, 
however, the 5, and S, sum to unity, the out- 
put supply equation can be ignored, and only 
the variable input equations and the translog 
profit equation (1) need be used for economet- 
ric estimation: 

Iw Im P*,X; = д10т* 
кчы T* àlnP*, 


=a, + > yinlnP*, + У &,InZ,. 
К=\ 

Profits and ee inputs are determin2d 
simultaneously. Under price-taking behavior 
of the farms, the normalized input prices and 
quentities (levels) of fixed factors are consid- 
ered to be the exogenous variables. 

Now, suppose that parameter estimates cf 
equations (1) and (2) have been obtainec. 
Then, the elasticities of variable input de- 
mands and output supply with respect to all 
exogenous variables evaluated at averages о? 
the 5, and at given levels of variable input 
prices (for the case of fixed factors) zre linear 
transformations of the parameter estimates of 
the profit function.” 


2 [n the case of the translog cost function, the input demand 
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Variable Input Demand Elasticities 


From (2) the demand equation for the ith vari- 
able input can be written as 








1 In a 
3 х,= # [— 9 ) 
( ) i P; | alnP; 
alnar 
(4) In X, = In ~ InP; + In( InP, 


The own-price elasticity of demand (у) for 
X; then becomes 














aln X; aln т 
5 С z i <= 
(5) nu = јар, ЭАР, 
x dln (- тт 
alnP; ар, Г 
(6) mi = —S*, = 1 — YH 


-where S*; is the simple average of S, 

Similarly, from (4) the cross-price elasticity 
of demand (ту for input i with respect to the 
price of the Ath input can be obtained: 

















àln X, aln т 
a = = 
C) "^ 7 "np, ^ 8а, 
4 9n (- dln z) 
аР, alnP; / 
(8. па = -Sh — Mes 
where i # А. 


The elasticity of demand for input i (n) 
wich respect to output price, P,, can also be 
ob:zained from (4): 




















, elnX; aln a alnP 
(9 = = z і 
9) Niy alnP, àln2, àlnP, 
aln (- aln z) 
alnP, alnP; /’ 
z пт даР 
0 sN oe. {бы 
- Y 8. (-1), 
ES 
where i = 1, ‚п, ћ = 1, ists 
(01) т isi ros 


elasticitss, evalvated at average input cost shares іп total costs, 
are linear functions of parameters of the cost function 
(Binswaager, Baanante and Sidhu). 
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Finally, the elasticity of demand (тнк) for 
input į with respect to the kth fixed factor Zk is 
also obtained from (4): 














j = дїп X, = Эп т = alnP; 
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Output Supply Elasticities 


Output supply elasticities with respect to out- 
put price, prices of variable inputs of produc- 
tion, and quantities of fixed factors, evaluated 
at averages of the 5. and at given levels of 
exogenous variables, can also be expressed as 
linear functions of parameters of the restricted 
profit function. From the duality theory (Lau 
and Yotopoulos 1972) the equation for output 
supply V can be written as 


У= пт + У PX, 


t=1 


(14) 


The various supply elasticity estimates can 
be derived from this equation. Rewrite (14) 
with the help of (3) as follows: 











n aln т 
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(15) У=т 28] ae or 
A ln т 
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Then, the elasticity of supply (e,;) with respect 
to the price of the ith variable input is given by 














_ апу at aln т 
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1 = э 
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where i = й = 1. ‚п. 


And, for the translog profit function case 
this becomes 


(18) e4 = —5%, — b m/{1 + > $^ 
hat &1 


The own-price elasticity of supply (e) is 
given by 
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And, "had the elasticity of output supply 
(€) with respect to the fixed inputs Z, is given 
by 
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Empirical Estimation of the Model 


The empirical application is now fairly straight- 
forward. First, the model is specified in actual 
variables, and the variables are defined. Sec- 
ond, the parameters of the model are esti- 
mated using generalized least squares (GLS). 
Then the estimation results are presented and 
discussed. 


Model Specification 


From the general function (1), the normalized 
restricted translog profit function for the In- 
dian Punjab farms producing Mexican wheat 
varieties (MWV) 1970-71 can be specified in 
actual variables as:3 


3 The basic farm-level data for this research pertain to Mexican 
wheat varieties (MWV) grown during the crop year 1970-71 in the 
Indian Punjab. These data were obtained from a stratified random 
sample spread over four different sites of the state and are thus 
quite representative of wheat production in the state. It should be 
noted that the second-order terms in the fixed inputs for which 
a priori technical and intuitive judgments did not support the exis- 
tence of interaction are not included in the model. Out of a total of 
twenty-eight only sixteen second-order terms are included. 
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where т* is the restricted profit from wheat 
production per farm: total revenue less total 
costs of labor, chemical fertilizer, and animal 
power normalized by the price of wheat; P*, is 
the money wage rate of labor per hour nor- 
malized by the price of wheat. (The money 
wage rate is obtained by dividing the total 
iabor expenditure for wheat production per 
farm by the quantity of labor including both 
family and hired labor.*); P*, is the money 
price per kilogram of fertilizer nutrients (N + 
PO; + K,O) normalized by the price of 
wheat; and P*, is the money price of an-mal 
power (pair of oxen) per hour ncrmalizec by 
the price of wheat. (The money price is ob- 
tained by dividing the total animzl power ex- 
penditure for wheat production per farm by 
the hours of use of animal power.) 
^ The definitions of the seven fixed inputs Zx, 
included in the specification of the profit fuac- 
tion, ere as follows: Z, is the quantity of capi- 
tal equipment and machinery usec for wheat 
production per farm measured as rupees of 
annualized flow cost of total expenditures aad 


4 The total labor expenditure per farm includes the impuced 
costs of family labor at the wage rate paid to permanent hi-ed 
labor. Child and female labor is converted into man equivalents by 
treating two children (or women) equal to one man. 
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investments on these inputs (An interest rate 
of 1046 is used to determine the annuities.); Z, 
is the land input (land) measured as hectares 
of wheat grown per farm; Z; is the soil (pH) of 
the farmland under wheat production (mea- 
sured as a deviation of the average—over soil 
samples per farm—soil pH value from an ‘‘op- 
timum’’ of 6.50); Z, is the soil organic carbon 
content of land under wheat production mea- 
sured as percentage (a measure of soil organic 
matter); Z; is the available P,O; and K,O (P + 
K) in the soil (land under wheat production) 
measured in pounds per acre; Z, is the average 
number of years of schooling per family 
member (over 13 years of age) of the farm 
household; and Z, is the area-weighted aver- 
age number of irrigations per hectare applied 
to wheat crop. 

The parameters a,, a, y, 8, B, and ¢ are to 
be estimated and subscripts L, F, and A stand 
for the variable inputs of production labor, 
chemical fertilizer, and animal power, respec- 
tively. 

Following the development of (2), the 5, 
functions for labor, chemical fertilizer, and 
animal power are obtained by differentiating 
the normalized restricted translog profit func- 
tion (24) as follows: 


ж. у 
(25) ES En =a, + yulnP*, 
т 
7 
+ yprlnP*p yj lnP*, + ў 8,кі04к, 
kzi 
ж. 
G9 -Er Ar op + уор, 
+ yp,inP*, + yralnP*, + > бек к, 
. kzi 
Ky 
(27) — Pa = од + y,4lnP*, 
T 


+ умАаР*;, + yarlnP*p t > бхкшДх, 
k=1 


where X;, Xp, and X, are the quantities of 
varable inputs of labor, chemical fertilizer, 
and animal power, respectively. Other vari- 
ables, parameters, and symbols are as defined 
earlier. 

Tre model consisting of the normalized re- 
stricted translog profit function (24) and the S, 
functions (25), (26), and (27) is estimated 
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using the data pertaining to the MWV from the 
Indian Punjab. 

For statistical specification additive errors 
with zero expectations and finite variance are 
assumed for each of the four equations of the 
model. The covariances of the errors of any 
two of the equations for the same farm may 
not be zero, but the covariances of the errors 
of any two equations corresponding to differ- 
ent farms are assumed to be identically zero. 
Under these assumptions, an asymptotically 
efficient method of estimation (Zellner) is used 
to estimate jointly the equations (24), (25), 
(26), and (27) by the zpplication of restricted 
generalized least squares. In addition to the 
symmetry constraints (у> = ув, Yra = Yar» 
Ука = Yar), the linear parametric constraints 
required are also imposed across equations. 


Empirical Results and Their Implications 


Restricted parameter estimates of the nor- 
malized restricted translog profit function and 
5, equations for labor, fertilizer, and animal 
power are presented in table 1. Before pro- 
ceeding further, we report the results of two 
formal statistical tests. The first test is con- 
ducted for the validity of the symmetry and 
parametric constraints across profit and S; 
equations. The null 3ypothesis is that param- 
eters of the $; equations (25), (26), and (27) 
are equal to the co-responding same param- 
eters in equation (24) and that yr, = yur, Yar = 
Уга and yar = yra. This is a joint hypothesis on 
the validity of imposing thirty-three restric- 
tions to estimate jointly equations (24), (25), 
(26), and (27). An F-test statistic with good 
asymptotic properties is conducted to test this 
hypothesis (Theil). The computed Fg; 
equals 1.344, and the critical Fp 5553,53; equals 
1.52. Thus, the null hypothesis (validity of the 
constraints) cannct be rejected at the 0.05 
level of significance. This implies, among 
other things, that the sample farms, on an 
average, maximize profits with respect to 
normalized prices of the variable inputs, thus 
supporting empirically the assumption of 
profit maximization. 

The second staristical test is carried out to 
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Ез зав) equals 3.758, and the critical Fy 145,246; 
equals 1.45. Thus, the hypothesis is rejected, 
and the translog representation appears to be 
more suitable than the C-D for the data and 
model specification being analyzed. This, 
however, does not mean that for a different 
model specification and/or data set the C-D 
formulation could not be appropriate and 
analytically useful and convenient. The esti- 
mates presented in table 1 form the.basis for 


.deriving elasticity estimates for wheat supply 


and input demand for the variable inputs of 
labor, fertilizer, and animal power presented 
in table 2. These elasticity estimates are ob- 
tained by using equations (6), (8), (11), (13), 
(18), (21), and (23). As noted earlier, the elas- 
ticities are functions of variable input ratios, 
variable input prices, levels of fixed inputs, 
and the parameter estimates of the translog 
profit function presented in table 1. These 


. elasticities are evaluated at simple averages of 


the S; and at geometric means of the variable 
input prices and of levels of fixed inputs. With 
this assumption, the elasticity estimates be- 
come linear transformations of the parameter 
estimates of the translog profit function, and 
an asymptotic F-value can be computed to test 
for their significance by imposing linear con- 
straints on the appropriate parameters of the 
model (Theil, Mann). These asymptotic 
F-values are presented in parentheses in table 
2. 

Estimates of wheat supply апа variable 
input demand elasticities for labor, fertilizer, 
and animal power with respect to wheat price, 
variable input prices, and fixed inputs are val- 
uable results in themselves, as they are a pre- 
requisite and can be applied readily to assess 
the impact of a variety of micropolicy actions. 

In table 2, the elasticity estimates derived 
from the parameters of the translog profit 
function are compared with those derived 
from the Cobb-Douglas function. In the C-D 
case, the impact across variable input demand 
functions of labor, fertilizer, and animal power 
of a given change in any of the exogenous 
variables is symmetric. This, as is well known, 
is due to the constant unitary elasticity of sub- 
stitution among all input pairs in the case of 


«АС Cobb-Douglas (C-D) hypothesis. It C-D function. The impact of a similar change 
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Their influence, however, is not unifcrm (as in 
the C-D case) on labor, fertilizer, ard animai 
power demand functions. Expansior. in farm 
capital, in the form of implements and ma- 
chinery, for example, decreases significantly 
the demand for animal power, contributes 
positively for wheat supply, but is not sig- 
nificant for labor and fertilizer demamds. Ex- 
pansion of irrigation increases demand only 
for farm labor and fertilizer but not fo- animal 
power. The influence of expansion іг educa- 
tion of the farm family is quite important. It 
increases demand for all variable inpats but, 
more importantly, for fertilizer and animal 
power. It also influences wheat supply sig- 
nificantly. Exogenous increases in land quan- 
tities also increase wheat supply and cemand 
for all variable inputs of production. But 
again, the impact is not uniform. Al' price 
effects are quite reasonable and in accord with 
the usual hypotheses. Nonsymmetric nature 
of their impact, contrary to the C-D case, is as 
expected and more natural. 

As pointed out earlier, the inclusion cf soil- 
related, ‘‘state-of-nature’’ variables is rather 
an uncommon practice in farm economic anal- 
ysis. Of the three soil characteristics (soil pH, 
soil organic carbon, and soil [P + K]) included 
in the analysis, the soil pH appears to te the 
most important environmental variable. [t has 
a strong negative influence on wheat suprly. It 
also has a nontrivial negative influence on 
labor and fertilizer demands. 


Two Examples 


A variety of policy analyses are possible by 
using the estimates presented in tables 1 ard 2. 
Because fertilizer is an important purchased 
input in modern agricultural production, in 
this section we construct two examples to 
study the impact on fertilizer demand of exog- 
enously (policy) determined changes in soil 
pH, education, and irrigation. 

Soil pH is measured as a deviation of the 
actual pH from an assumed ''optimum"' of 6.5. 
The geometric mean of the pH deviation (from 
6.5) is 1.93. The geometric mean of fertilizer 
use per hectare, at the geometric mean of pH 
deviation of 1.93 or a pH of 6.5 + 1.93 = 8.43, 
is 105.62 kilograms (kg.). The elasticity of fer- 


tilizer demand with respect to soil pH is- 


—(.465 (table 2). This elasticity can be used to 
estimate the profit-maximizing level of use of 
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Table 3. Тһе Influence of Soil pH on Fertilizer 
Use, MWV, the Indian Punjab, 1970—71 





Profit-Maximizing 
Level of 
Fertilizer Use 


Change of pH 
Deviation from 





pH Geometric Mean (96) (N + P + K) kg./ha. 
8.05 —20 115.44 
8.24 —10 110.53 
8.43 0 105.62 
8.62 +10 100.71 
8.81 +20 95.80 





fertilizer (N + P + K) at various pH levels 
holding other fixed inputs and prices of vari- 
able inputs and wheat constant. A few such 
configurations are presented in table 3. Thus, 
if average pH decreases from 8.4 to 8.0, fer- 
tilizer use will increase from 105 kg. to 115 kg. 
of nutrients per hectare.5 This result also can 
be used to adjust recommendations for fer- 
tilizer application for MWV in the Indian Pun- 
jab. For example, in soils with a pH of 8, 
fertilizer use recommendation should be 10% 
higher than in the case of soils with a pH of 
3.4, holding other things constant. It should be 
noted that, in general, the farm soil analysis 
data are used to make fertilizer recommenda- 
tions for targeted crop yields and not for de- 
termining profit-maximizing levels of fertilizer 
tse (see Singh and Sharma). To the knowl- 
edge of the authors, this is the first attempt 
where information on soil analysis is included 
in a formal farm-level input demand model. 

Second, in table 4 the impact of exoge- 
nously (policy) determined changes in soil pH, 
irigation, and education is presented. Each 
one of them individually can be increased or 
decreased by 10%, holding the other two con- 
stant at their geometric mean levels, and the 
resulting impact on fertilizer use can be com- 
pared. Similarly, one could construct informa- 
tion to evaluate the impact of other combina- 
tioas of policy changes. 


5 Et is well known that the soils in the Indian Punjab have high 
PH levels. This result indicates that high pH levels are a constraint 
to ez pand the role of fertilizer in increasing wheat production in 
the :tate. If further investigations, including research on crops 
othe: than wheat, support this result, there may be need for 
serio 1s consideratior: of strengthening the ongoing soil reclama- 
tion work to lower pH levels in the Indian Punjab soils. Also, the 
long-run tradeoff between the effects of lowering fertilizer prices 
throuzh subsidies or lowering soil pH by reclamation programs 
shouli be investigated. 
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Table 4. Effects of Changes in Soil pH, Irrigation, and Education on the Average Level of 
Fertilizer (NPK) Use in the Indian Punjab, 1970—71 








Mean Education Average Level of 
and Irrigation (Number (Average Number Fertilizer Used 
Changes Soil pH of Irrigations) of School Years) (kg. of NPK/ha.) 
—10% Education 8.43 7.00 1.50 103.6 

— 1096 Irrigation 8.43 6.3 1.66 97.9 
+10% Soil pH deviation 8.62 7.00 1.66 100.7 
Mean 8.43 7.00 1.66 105.6 

— 1076 Soil pH deviation 8.24 7.00 1.66 110.5 
+10% Irrigation 8.43 7.70 1.66 113.2 
+10% Education 8.43 7.00 1.83 107.5 





Note: Effects evaluated at the geometric mean of prices of variable inputs and wheat and quantities of other fixed inputs and by using 
elasticity estimates of fertilizer demand with respect to soil pH deviation from ‘‘optimum,’’ irrigation, and education. Geometric means 
of the variables are (a) soil pH deviation from '*optimum"' (6.5) = 193, (b) number of irrigations = 7.00, and (c) average number of school 


years — 1.66. 


Conclusions 


In this paper, the parameters of a model based 
on the normalized restricted translog profit 
function and the derived system of demand 
equations for variable inputs were estimated 
with farm-level data for Mexican wheat va- 
rieties from the Indian Punjab. In addition to 
the variable inputs of labor, fertilizer, and 
animal power and the fixed inputs of land, 
physical capital, and irrigation water, a few 
soil-related, ‘‘state-of-nature’’ variables mea- 
sured by actual soil analysis and education 
were included in the model. While the empiri- 
cal results for the specification employed are 
plausible, they also demonstrate in this case a 
lack of support for the hypothesis of the 
Cobb-Douglas form of the profit function. Of 
particular importance is the result that the 
flexibility afforded by the translog formulation 
allowed the exogenous variables to produce 
different impacts across input demand func- 
tions of labor, fertilizer, and animal power. 
This is much more natural as compared to the 
symmetric,impacts produced in the case of 
the Cobb-Douglas formulation. | 

The formulation allowed a considerably 
more disaggregated analysis of the farm pro- 
duction structure than has been possible in the 
past. The elasticity estimates for input de- 
mands and output supply include both the 
price elasticities and the elasticities with re- 
spect to several other variables that are usu- 
ally considered as constraints on farm produc- 
tion. Thus, policy analyses which evaluate the 
impact of changes in single price or nonprice 
variables or combinations of them become 
available. 


[Received May 1980; revision accepted 
November 1980. | 
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Nutritional Adaptations of Linear 
Programming for Planning Rural 


Development 


Peter H. Calkins 


Linear programming can help plan rural development if the income-maximization and 
least-cost diet models.are incegrated within the resource and management limitations of 
small-scale representative farms. Seven modifications adapt linear programming to 
subsistence households. Caveats in this context include risk, level of nutritional 
awareness, production scale, and result sensitivity. Through six model formulations for a 
representative Nepalese farm, linear programming identifies the most nutritious and 
profitable production patterns; trade-offs between nutrition and income; and the costs of 
constraints relating to levels of credit, market availability, and human capital 


development. 


Key words: linear programming, Nepal, nutrition, rural development, subsistence 


farms. 


The decade of the 1970s focused increasingly 
on holistic solutions to rural deprivation. The 
shibboleths of the day called for ''integra- 
tion,” “appropriateness,” and attention to the 
nutritional and income needs of those passed 
by in the biochemical revolution in crop pro- 
duction of the 1960s. With regard to human 
nutrition, linear programming has proven suc- 
cessful in planning :east-cost menus for hos- 
pitals in developed nations (Balintfy, Stimson 
and Stimson, Hall). But the institutional set- 
ting of the hospital or school in a developed 
country is far different from the homestead of 
a subsistence farmer. 

The farm family in a developing country 
must be both an efficient producer and an 
efficient consumer of food. If we assume the 
objective is to maximize the value of produc- 
tion subject to meeting minimal dietary re- 
quirements, a lineer programming framework 
can be applied at the local, household level. 
The linear program must combine the least- 
cost diet model with the income maximization 
model and build in the resource and manage- 
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ment limitations of small-scale farms in rep- 
resentative agroclimates. 

Previous studies have furthered such re- 
search methodology (Mudahar, Singh, Smith, 
Andrews and Moore). In this paper, I first 
summarize specific modifications for applying 
linear programming to small-scale farms in 
subsistence economies, while pointing out the 
limitations of linear programming as a tool in 
this context. Then, I use several linear pro- 
gramming formulations to test the feasibility 
of, and measure the trade-offs between, in- 
come and nutritional objectives. Finally, I il- 
lustrate the use of linear programming to iden- 
tify more nutritious, higher-income production 
patterns for a representative farm in the hill 
region of Nepal. 


Modifications of Linear Programming for 
Application to Subsistence Farms 


The nonmarket orientation of subsistence 
farms means that they face unique limitations 
in the acquisition and use of technology and 
the factors of production and that they cannot 
depend upon the market to supply their food 
needs. The type of linear programming model 
used to optimize production on a farm in a 
developed, capitalistic economy must be re- 
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structured so that realistic and beneficial farm 
plans may be extended to subsistence farms. 
Seven modifications were developed in a 
study of four representative farms іл Nepal 
(Calkins), which would apply to mos: subsis- 
tence contexts. А 

First, in addition to production, feeding, 
milling, selling, and input purchase activities, 
activities that portray . processing, storage, 
purchase and consumption cf fresh or pre- 
served foodstuffs must be included (table 1). 
These permit the family to retain foods for 
home consumption and to spread their intake 
of nutrients over the year. An appropriate loss 
in nutrients should be included to reflzct the 
effects of cooking, drying, or fermertation. 
Whenever a commodity can be either sold or 
consumed by the household, the model must 
contain both selling and consumption ac- 
tivities so that the solution will determine the 
optimal quantities to be devoted to each use. 
Radishes and paddy rice in table 1 are exam- 
ples. 

Second, nutritional constraints repres2nting 
the aggregate family demand for each nutrient 
in each season (e.g., monsoon protein, winter 
niacin) should be included in the rows of the 
matrix at greater than or equa: to minimum 
levels. The example in this paper includes nine 
types of nutrient constraints in each of three 
seasons, yielding twenty-seven matrix rows in 
all. Required levels may be iaken from the 
recommended daily intakes for various sex 
and age groups (FAO). For example. the 
average daily requirements for a prime-age, 


Table 1. 
oping Countries 


Grow Grow Raise Hire 
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adult male were 2,625 calories, 48 milligrams 
(mg.) protein, 450 mg. calcium, 18 mg. iron, 
1,500 mg. carotene, 9 mg. thiamine, 1.35 mg. 
riboflavin, 14.7 mg. niacin, and 30 mg. ascor- 
bic acid. For protein requirements in particu- 
lar, the weight of each family member should 
be multiplied by the factors implicit in the 
FAO computations for ‘‘seemingly well- 
nourished’’ individuals. In this paper, no at- 
tempt will be made to take account of the 
quality of protein consumed, though this may 
be included through nonlinear formulations 
(Smith). Aykroyd is a good source of informa- 
tion about caloric requirements: for major 
age-sex groups over the age of fifteen, he gives 
basic metabolic and energy expenditure totals 
for different types of work. Labor records 
must then be consulted to determine the per- 
centage of sedentary, moderate (e.g., cooking, 
walking, and harvesting grain), and heavy 
(e.g., carrying loads, woodchopping, and 
plowing) work performed by each sex-age 
group. Adjustments for different basic meta- 
bolic needs due to temperature changes should 
also be reflected in the figures for seasonal 
zaloric requirements. 

Third, constraints may have to be added to 
reflect the tastes and preferences of the local 
population. Sweet potatoes may be a rich 
source of 8-carotene, but if the family refuses 
to eat any more than ten kilograms per month 
cf this food, a less than or equal to constraint 
should be included. Similarly, there are phys- 
iological barriers to eating too much of a given 
foodstuff; it would be unrealistic to hope that a 


Partial Linear Programming Matrix Adapted for Human Nutrition on Farms in Devel- 
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family could depend upon garlic as its major 
source of protein, for example. Thus, the ‘‘op- 
птар’ solutions for meeting the consumption 
demands most efficiently will not necessarily 
provide acceptable diets for the family. These 
"structural and variety requirements’’ are 
noted by Balintfy. 

Fourth, the maximand must be changed 
from the simple ‘‘net farm income" of the 
standard linear program to ‘‘net farm income 
over consumption." Because of the changes 
listed above, the maximand now reflects not 
just the gross value of produce less the cost of 
purchased inputs and operating capital, but 
also the retention of part or all of the produce 
for home consumption and/or the purchase of 
food from the market to meet nutritional re- 
quirements. | 

Fifth, special attention should be given to 
computing the supply and productivity of 
labor, the most abundant resource on most 
subsistence farms. Careful observation of 
common tasks performed by each member of 
the family yields a coefficient of comparative 

: productivity, which should be multiplied by 
the total number of hours per day that person 
has available for agronomic and livestock pro- 
duction. Where livestock grazing is a sig- 
nificant activity on the farm, a grazing exter- 
nality activity should also be included to re- 
flect the labor saved by herding more animals. 
As each animal is added, average labor re- 
quirements per head in the farm plan are re- 
duced by an appropriate amount in the months 
in which the animals are herded. 

Sixth, because of the malnourishment or 
even death which may attend crop failure, 
land aliocation constraints should be included 
in some formulations to reflect the traditional 
allocation of land to broad classes of crops, 
like grains and legumes, which has allowed the 
farmer's forebears to survive in the area. Land 
purchase or rental activities should be in- 
cluded only after careful consideration of local 
conditions. 

Finally, traditional production techniques 
should be adhered to, at least in the initial 
formulation of the model. The use of chemical 
fertilizers, pesticides, and other improved 
technology may not be suitable to the subsis- 
tence farmer's resources, risk-bearing ability, 
or level of management. 


Alternative Formulations 


In developing a farm model for use in generat- 
ing income and nutritional policy recommen- 
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dations for a wide number of farms, the linear 
program should be systematically modified to 
determine the sensitivity of the optimal solu- 
tion to different policy measures and goals of 
the farm operator. For instance, the prices 
included in the maximand row, and the type or 
level of constraint as indicated in the right- 
hand sides may be varied, as well as the type 
and number of activities included in the ma- 
trix. The following six formulations were used 
by the writer (Calkins): 

(a) the simple short run (allowing for ad- 
justments that can be made within two crop- 
ping seasons) with no nutritional constraints; 

(b) the short run with nutritional con- 
straints and unlimited use of the market to 
meet consumption demands, i.e., the family 
may purchase food from the market place and 
sell surplus production; E 

(c) the short run with nutritional con- 
straints and marketing limited by a ceiling on 
capital borrowing—this formulation both high- 
lights the trade-off between income and nutri- 
tion and induces home labor to be more pro- 
ductive, as there are limited funds to hire out- 
side labor; 

(d) the short run with nutritional cor- 
straints and no food buying—this formulation 
shows the trade-off between income and nutri- 
tion when all food consumed on the farm must 
also be produced there; 

(e) the short run with nutritional con- 
straints plus the assumption that 75% of acre- 
age must be planted to cereal and leguminous 
crops—this formulation reflects the opportu- 
nity cost, if any, of traditional cropping pat- 
terns; and 

(f) the long run, a period ten years hence, 
including projected price relationships and al- 
lowing for changes in levels of livestock and 
fruit tree production—this gives an idea of the 
ways in which the production of given com- 
modities mav become or remain profitable or 
nutritious over time, and why. 

One caveat with regard to the use of linear 
programming is its inability to treat risk. By 
assuming perfect knowledge of market prices 
and yields—with no account of how each var- 
ies separately over time, or how they work 
together to produce variable total revenues— 
linear programming tends to predict optimal 
combinations which may in fact be risky. The 
best way to overcome this problem is to re- 
formulate the model as a quadratic program 
with the variance in returns as the objective 
function to be minimized and a target income 
as a parameterized constraint. Unfortunately, 
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in developing countries adequate time-series 
data are not available, while cross-sectional 
variances would ignore interannual price рғі- 
terns. The 75% acreage constraint to grain ar.d 
legumes, whose yields are fairly stablz, is an- 
alternative (if mechanistic) way of reflecting 
risk aversion. 

A second caveat regards the assumption 
that subsistence families are aware of and wish 
to optimize their nutritional statuses. Linear 
programming can only suggest what cptimal 
changes in the diet might be. Therefore, the 
optimal results must be attended by nutritional 
extension programs before they can bs fully 
realized. 

A third caveat regards expanding ac-ezges 
to activities currently engaged in on a small 
scale. Not only does the traditional prob:em of 
linearity distort the programming of biol»gical 
systems; there is also the heroic assumption 
that measurements of planted area, irputs, 
and output from, say, three tomato plan:s are 
sufficiently azcurate to reflect production con- 
ditions on a per hectare basis. 

A fourth caveat is that programming results 
may be sensitive to slight variations in re- 
source levels, prices used, and the choice of 
maximum or minimum consumption levels 
and area constraints. Two approeches may be 
taken to improve result applicability. The first 
is to make sure that the farm selected is as 
representative as possible of its g-oup for pol- 
icy purposes. The farm in this paper is one of 
four chosen on the basis of a survey of 600 
households to represent discrete microcli- 
mates and resource levels. Case studies were 
used rather than synthetic composite fa-ms 
because of the dangers inherent in averaging 
resource availabilities and other structural pa- 
rameters. The second approach is to perfcrm 
sensitivity analysis to determine the range 
over which the results are applicable to a given 
farm. 

The six institutional formulations to be pre- 
sented do allow policy analysts to identify bar- 
riers that prevent households from taking ad- 
vantage of crcp and livestock production 
combinations which could increase nutritional 
adequacy and improve income. Given the 
caveats noted, such an identification of bar- 
riers may be of greater prescriptive usefulness 
than specific behavioral recommendations to 
individual farm operators. 


Programming Formulations 


In this section of the paper, I will illustrate tbe 
use of linear programming to identify more 
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nutritious, higher-income production patterns 
for a representative farm in the hill region of 
Nepal. 


A Sample Farm from the Nepalese Hills 


To exemplify each of the six formulations, 
let us consider Masino Tamang (assumed 
name), whose homestead lies at 1,992 meters 
in a temperate-zone village in Nepal (Calkins, 
pp. 124—74). Masino has a total of 0.1526 hec- 
tares of irrigated lowland, 0.2910 hectares of 
unirrigated upland, and the following brood 
animals: 1 cow, 2 milk buffaloes, 4ewes, and 2 
hens. He is 62 years old and lives with his 
52-year-old wife, his two daughters of 13 and 
11 years, and his son of 5 years. 

The current nutrient balance for the family 
in the early and monsoon seasons is fairly 
zood, with a 40% riboflavin shortfall the only 
deficiency in the former and 8% calcium and 
14% riboflavin deficiencies in the latter. In 
the winter season of two months, five of nine 
r.utritional elements are deficient: riboflavin 
(by 58%), B-carotene (48%), ascorbic acid 
(12%), niacin (11%), and calories (4%). 
Fiboflavin deficiency, present in all three sea- 
sons, can result in dry skin, inflamed corneas, 
and general debility. Only this deficiency is 
serious, because fi-carotene, which is con- 
sumed in excess in the other two seasons, can 
be stored in the body’s fat for much longer 
than two months. 


Current production patterns. The following 
are the percentages of available land grown to 
eazh commodity for each type of land in each 
season (early, monsoon, winter) under 
Masino’s current cropping patterns: 


Ea*ly Lowland (14 Nov.-l4 June) (%) 
Wheat 8.3 
Fallow 91.7 

Monsoon Lowland (15 June-14 Nov.) 

Paddy 100 

Ear.y Upland (15 Feb.-l4 Aug.) 

Maize ; 68.9 
Potato 1.5 
Soybeans 0.7 
Green beans 0.9 
Pumpkin 0.2 
Yams 0.2 
Chayote 0.4 
Biter gourd 0.4 
‘Green amaranthus 0.5 
Red amaranthus 0.5 
Chili 0.1 
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Early Upland continued (%) 
Mustard 4.4 
Taro 8.7 
Permanent crops 12.6 

Monsoon Upland (15 Aug.-14 Dec.) 
Millet 17.6 
Monsoon potato 8.7 
Soybean 0.7 
Pumpkin 0.2 
Yams 0.2 
Radish 32.4 
Rape 0.4 
Chayote 0.4 
Bitter gourd 0.4 
Chili 0.1 
Mustard 17.6 
Taro 8.7 
Permanent crops 12.6 

Winter Upland (15 Dec.—-14 Feb.) 
Chayote 0.4 
Chili 0.1 
Mustard 4.4 
Rape 0.4 
Taro 8.7 
Permanent crops 12.6 
Fallow 73.4 

Permanent Crops 
Mango 2.6 
Peach 8.7 
Bamboo 1.3 

Net Income 
Rupees (Rs.) 3,580 


Net income represents the total market 
value, before consumption, of all livestock 
and agronomic production for the year, less 
the costs of hiring labor and bullocks. The main 
double-cropping patterns are wheat followed 
by paddy in the lowland and monsoon millet 
transplanted into a standing early maize crop 
in the upland, with various horticultural crops 
occupying upland for from one to three con- 
secutive seasons. Paddy and wheat are tradi- 
tionally the only crops grown in the lowland, 
because it is a full hour's walk to many low- 
land fields from Masino's homestead. 


Formulation One: The Simple Short Run 


The simple short-run formulation stipulates 
that (a) permanent crop acreages and live- 
stock levels are fixed, (b) food buying and 
selling activities are allowed, (c) there are no 
changes in technology, (d) there is no limit to 
capital borrowing, and (e) Masino Tamang 
only wishes to maximize the sale value of his 
product after production costs have been de- 
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ducted. The following optimal land-use pat- 
tern emerges from linear programming: 


Early Lowland (96) 

Wheat 100 
Monsoon Lowland 

Paddy 100 
Early Upland 

Potato 88.7 

Permanent Crops 11.3 
Monsoon Upland 

Rape 88.7 

Permanent Crops 11.3 
Winter Upland 

Rape 88.7 

Permanent Crops 11.3 
Net Income 

Rupees (Rs.) 14,926 


One hundred percent of available irrigated 
land should be devoted to the wheat-paddy 
rotation. On unirrigated upland, on the other 
hand, potato and rape greens should be grown 
at the maximum permissible level. As upland 
constitutes about two-thirds of all land on the 
farm, this result shows a significant shift from 
grain to horticultural predominance to max- 
imize income. 


Formulation Two: The Short-run Optimal 
Solution with Nutritional Constraints 
and Unlimited Borrowing 


We now expand the matrix to include nutrient 
constraints, which are varied from 0% to 150% 
of suggested FAO levels to measure the im- 
pact on cropping patterns, hiring, selling, feed- 
ing, consumption practices, and the level of 
income. The unbroken line in figure | shows 
that income over consumption declines from 
Rs. (Rupees) 14,925 to Rs. 11,253, reflecting 
up to а Rs. 3,672 “‘grocery bill" for adding 
15096 of the family's requirements over the 
eat-nothing, simple short-run, optimal formu- 
lation.! 

At the 10046 level of nutritional adequacy, a 
Rs. 2,375 grocery bill is used to buy 972 kilo- 
grams (kg.) of soybeans, 218 kg. of radish, 35 
kg. of yams, 153 kg. of pumpkins, 53 kg. of 
mustard greens, and 1.8 baskets of peaches to 
meet nine nutritional requirements in three 
seasons. Optimal cropping patterns, labor and 


! The lines in figure 1 for formulations two and three resemble 
curves only because they connect program values from individual 
linear programming formulations. They are not to suggest that 
nonlinear programming was used. 
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ital, and no-buying-option formulations 


bullock hiring. and livestock feeding activities 
do not change from those in formulation one. 
The only products previously sold but now 
retained are winter milk and early season 
peaches. This suggests that these are the 
cheapest sources of riboflavin and B-carotene, 
respectively, for these two seasons. 


Formulation Three: The Short-run Optimal 
Sclution with Nutritional Constraints 
and Fixed Capital 


The cash with which Masino buys supp!e- 
mental food for his family is limited. Formula- 
tion three parameterizes nutritional require- 
ments subject to the constraint that Masino 
may borrow no more capital than 771 rupees 
needed in the simple income-maximizing sola- 
tion. With each 25% increment in nutritional 
requirements, farm activities are forced in the 
direction of more nutritious but perhaps less 
prodtable crops. The broken line in figure 1 
represents this trade-off. 

By the 10096 level, the following pattern 
becomes optimal: 


Early Lowland. (926. 
Wheat 100 
Monsoon Lowland 
Paddy 106 
Early Upland 
Maize 38.8 
Ро-аїо 49.9 
Permanent crops 11.3 
Monsoon Upland 
Millet 38.8 
Radish 3.7 
Rape 46.3 
Permanent crops 11.3 
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Winter Upland 


Rape 46.3 

Permanent crops 11.3 

Fallow 32.7 
Net Income Over Consumption 

Rs. 6,300 


The most striking change that has occurred 
over formulation two is that early potato and 
racnsoon rape production has been drastically 
reduced in favor of the maize-millet rotation. 
This shift refiects the fact that calories in all 
seasons (in addition to riboflavin) are nutri- 
tonally binding. Radish is also important 
enough to displace some of the rape on mon- 
soon upland. This change occurs both because 
of the lack of capital to buy radishes and be- 
céuse with every hectare of radishes come a 
ccrresponding amount of nutrient-rich radish 
greens. 

As to the trade-off between consumption 
ani sales, paddy is earmarked for home use in 
the monsoon and winter, while millet, maize, 
and potatoes are grown to satisfy early season 
energy needs. All meat and fruit are now re- 
served for farm consumption. In addition, 
milx sales virtually disappear because of 
niacin and riboflavin needs, while millet 
supplies the necessary calcium in the early 
season. The only food which continues to be 
bouzht is soybeans, demonstrating what a val- 
uab:e source of nutrients this grain legume is. 

The restriction on capital not only means 
that farm output must be more nutritious, it 
also causes a shift from hired labor to labor- 
savimg crops which can be grown by home 
labor. Seasonal redundancy of family labor is 
reduced. 

Formulations one and two have demon- 
strated that the linear program can sort out the 
least-cost source of nutrients even when there 
is no effect upon the optimal production and 
input-hiring pattern, while formulation three 
has shown the ability of the model to develop 
production and consumption recommenda- 
tions simultaneously. 


Formrlation Four: The Short-run Optimal 
Soluticn with Nutritional Constraints 
and No Food Buying 


To reveal the trade-off between higher nutri- 
tional demands and on-farm production in its 
most extreme form, we may develop a forced 
self-sufficiency formulation, whereby Masino 
must meet 100% of his family's nutritional re-. 
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quirements with no market purchase.? The fol- 
lowing land-use pattern becomes optimal: 


Early Lowland (%) 

Wheat 100 
Monsoon Lowland 

Paddy 100 
Early Upland 

Maize 53.4 

Potato 35.3 

Permanent crops 11.3 
Monsoon Upland 

Millet 53.4 

Radish 4.8 

Rape 30.5 

Permanent crops 11.3 
Winter Upland 

Rape 30.5 

Permanent crops 11.3 

Fallow 58.2 
Net Income over Consumption 

Rs. 2,092 

This cropping pattern (and diet), rep- 


resented by a circled point in figure 1, is much 
closer to traditional ones because of the pre- 
dominant maize-millet rotation. The drawback 
is that income over consumption plummets 
from Rs. 12,479 to Rs. 2,092, indicating a 
strong trade-off between levels of income and 
nutrition if everything consumed on the farm 
must also be grown there. 

As might be expected from current dietary 
deficiencies, the shadow prices under formula- 
tion four are highest for riboflavin in the early 
(Rs. 263 per mg.), monsoon (Rs. 66), and 
winter (Rs. 33) seasons, followed by monsoon 
and winter niacin (Rs. 1.1 and .06, respec- 
tively). Early monsoon and winter calories 
have shadow prices of Rs. .90, .60, and .30, 
respectively. That the above constraints are 
binding implies that cropping patterns in the 
no-buying-option formulation have had to be 
rearranged in favor of home-grown crops rich 
in these nutrients. Specifically, area grown to 
low-return maize and millet has been in- 
creased to relax the caloric and niacin con- 
straints, while area grown to radish roots and 
greens has been increased to relax the 
riboflavin and niacin constraints. 


? This stipulation means that one may generalize the results to 
all farmers of the temperate zone without fear of causing supply 
and demand distortions. One must, of course, assume that selling 
prices for produce remain at their present farmgate level and that 
such produce will be purchased from the farmer by middlemen for 
sale elsewhere. 


Nutrition and Rural Development Planning 253 


Formulation Five: The Short-run Optimal 
Solution with Nutrition and Cropping 
Pattern Constraints 


Formulation five posits that in meeting 100% 
of his nutritional demand with buying options 
and unlimited capital borrowing, Masino must 
follow the general practice of hill farmers: to 
devote about 75% of his upland to grain and 
legume crops. The following land-use system 
becomes optimal: 


Early Lowland (%) 

Wheat 100 
Monsoon Lowland 

Paddy 100 
Early Upland 

Maize 68.9 

Soybean 6.1 

Potato 13.7 

Permanent crops 11.3 
Monsoon Upland 

Millet 68.9 

Soybean 6.1 

Rape 13.7 

Permanent crops 11.3 
Winter Upland 

Rape 13.7 

Permanent crops 11.3 

Fallow 75.0 
Net Income over Consumption 

Rs. 2,370 


There is a large opportunity cost associated 
with forcing maize-millet and soybean into the 
cropping pattern in accordance with tradi- 
tional land use. This may be measured in 
terms of the difference in income over con- 
sumption (Rs. 10,109) between formulations 
two (Rs. 12,479) and five (Rs. 2,370) at the 
100% level of nutrition. 


Formulation Six: The Long Run 


The final formulation allows livestock num- 
bers and permanent crop areas to vary and 
employs projected input and output prices for 
the ensuing ten years. The solution for 
Masino’s farm indicates that milk cow 
specialization within livestock, grain speciali- 
zation on irrigated lowland, vegetable spe- 
cialization on irrigated upland, and no fruit 
trees constitute the optimal use of land and 
other resources on temperate zone farms like 
Masino’s in the longer term. 
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Sensitivity analysis of the prices of output 
and purchased inputs shows production pat- 
terns to be stable. However, varying pur- 
cliased food prices induced great variation in 
optimal diet. These results suggest a possible 
policy of controlling relative prices to con- 
sumers in the marketplace. 


Conclusion 


The application of linear programming to a 
subsistence Nepalese farm has shown that 
large gains in income accrue from growing in- 
creased areas to potatoes, radishes, and rape 
on upland fields, depending upon the availabil- 
ity of capital and the flexibility of traditional 
cropping preferences. The cheapest sources of 
a full range of nutrients are alsc horticultural, 
including scybeans, radish, yam, pumpkin, 
mustard greens, and peaches. Onlv if the buy- 
ing power of such commodities is reduced 
does maize-millet production for home con- 
sumption come into the optimal solution. or 
products from the fixed activities, milk, meat, 
and fruit production figure in on-farm con- 
sumption. 

Through different model formulations, 
‘near programming can identify clearly the 
most nutritious and profitable production pat- 
terns. Moreover, formulations three through 
six reflect different types of institutional con- 
straints involving, respectively, credit, market 
development, extension and education to 
alter traditional beliefs and strengthen human 
capital, and long-run price policies. These and 
other possible formulations permit the policy 
analyst to infer the direction of change in op- 
timal patterns under various policy choices. 

Microlevel studies of linear programming 
cannot solve nutritional and income problems 
in a vacuum, however, and must b2 supported 
by a commitment of research and extension 
resources. In Nepal, for example, horticul- 
tural crops are much more subject to price 
variability and marketing losses than grain 
crops. Government policies to improve mar- 
keting mechanisms and foster producer 
cooperatives would reduce the riskiness of 
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horticultural production, which is now the 
main barrier that prevents farmers from realiz- 
ing the benefits of growing these crops. Re- 
search should be geared to improving varieties 
of, and reducing pests in, those commodities 
with the greatest potential for increasing the 
nutrition and income levels of the rural popu- 
lation. 


[Received July 1980; revision accepted 
November 1980.] 


References 


Andrews, Margaret S., and John R. Moore. An Integrated 
Preduction-Consumption Farm Model for the 
Dominican Republic. University of Maryland Agr. 
Exp. Sta. Contribution No. 5209, 1976. 

Aykroyd, W. R. The Nutritive Value of Indian Foods and 
the Planning of Satisfactory Diets. New Delhi: Indian 
Council of Medical Research, 1963. 

Balintfy, Joseph L. ‘‘Linear Programming Models for 
Menu Planning." Hospital Industrial Engineering, 
ed. H. E. Smalley, J. R. Freedman, pp. 402-08. New 
York: Reinhold, 1966. 

Calkins, Peter H. Shiva’s Trident: The Impact on Income, 
Employment and Nutrition of Developing Horticul- 
ture in the Trisuli Watershed, Nepal. Ph.D. thesis, 
Cornell University, 1976. 

Hall, Connie Rene. Activity Analysis Applied to Menu 
Planning. M.S. thesis, Iowa State University, 1977. 

Mohinder S. Mudahar. Dynamic Models of Agricultural 
Development with Demand Linkages. Mimeo- 
graphed. USAID Employment and Income Distribu- 
tion Project Occ. Pap. No. 49, Cornell University, 
1973, 

I. J. Singh. ‘Recursive Programming Models of Agricul- 
tural Development.” Studies in Economic Planning 
over Space and Time, ed. G. G. Judge and T. 
Takayama. Amsterdam: North-Holland Publishing 
Co., 1973. 

Sm th, Victor Earle. Efficient Resource Use for Tropical 
Nutrition: Nigeria. Int. Bus. and Econ. Stud., Michi- 
gan State University, 1975. 

Stimsen, David H., and Stimson, Ruth H. Operations 
Research in Hospitals. Chicago, Hospital Research 
and Education Trust, 1972. 

Uniwd Nations, Food and Health Organization (FAO). 
Food Composition Table for Use in East Asia. 
Bethesda, Md.: National Institute of Health, 1972. 


Notes 


Income and Expenditure for Relatively More versus · 
Relatively Less Nutritious Food over the Life Cycle 


Laura Blanciforti, Richard Green, and Sylvia Lane 


United States consumers have been accused of 
being nutritionally inefficient, having a poor quality 
diet, and often placing themselves at nutritional risk 
because of their poor choice of foods (U.S. Con- 
gress). Unfortunately, the controversy over the 
consumption of nutritious versus less nutritious or 
“junk” foods has generated heated discussion but 
relatively little economic research. 

Numerous studies have been made of the income 
elasticities of food consumption (Burk 1962, Hy- 
mans and Shapiro), and Engel curves derived from 
econometric analysis of family budgets, primarily 
relating expenditures on food or another consump- 
tion good or commodity group to income levels of 
households, ceteris paribus, abound in the litera- 
ture (Burk 1968, pp. 84, 215; Aitchison and Brown; 
Allen; Allen and Bowley; Champernowne; Cramer; 
Goreux; Hassan and Johnson 1977; Houthakker 
1952, 1957; Prais and Houthakker; Phlips; and 
Tornquist). Adrian and Daniel in their 1976 article 
investigated the consumption of selected food nu- 
trients in the United States using income and the 
life cycle stage as variables in their analysis, but 
they did not identify the foods which were the 
sources of the nutrients. Few researchers have ex- 
amined the implications of and the differences in 
food expenditure patterns of households at various 
points in their lifetimes. And, more important, no 
research has been done on the expenditures on and 
income elasticities of the specific groups of food 
classified as relatively more nutritious and less nu- 
tritious components of diets. 

The specific purposes of this analysis were to 
ascertain, using a general functional form, whether 
or not expenditures on foods classified as relatively 
more nutritious and less nutritious components of 
diets vary over the life cycle for U.S. households 
with different income levels, and to compare in- 
come elasticities for the various life cycle stages for 
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all foods, relatively more and relatively less nutri- 
tious components of diets. 


Description of Data 


Cross-sectional data, obtained from the diary com- 
ponent of the second year of the 1972-1973 Con- 
sumer Expenditure Survey conducted by the 
Bureau of Labor Statistics, were used. Results of 
the 1973 Diary Survey were substantially better 
than those for the 1972 survey (Walsh). The sample 
from the 1973—74 portior of the survey totaled 
10,514 observations (Carlson). The under $2,000 
income group, 7.6% of the total sample and the over 
$35,000 group, 2% of the entire sample, were re- 
moved because their inccme was not recorded in 
actual dollar amounts. The exclusion of the over 
$35,000 group acted to offset partially the bias in- 
troduced by the exclusion of the under $2,000 
group. Editing the data te remove observations in- 
complete for key variables results in 9,464 usable 
observations. 

Income data collected was for each household’s 


‘before-tax-income from all sources.! Expenditure 


data are recorded food-at-home expenditures for 
specific items. The data on food expenditures were 
grouped into three groups: total food at home, rela- 
tively more nutritious components of diets, and rel- 
atively less nutritious components of diets. The 
classification of foods into relatively more nutri- 
tious and less nutritious components of diets was 
based upon an analysis of the nutritive composition 
of the food items. The index of nutritional quality 
tables developed by Canolty of the Department of 
Nutrition of the University of California, Davis, 
were used for this purpose. To be termed ‘‘nutri- 
tious” (relatively more nutritious), a food had to 
contain percentages of the requirement for four or 
more nutrients equal to or greater than the propor- 
tion of the energy (calcries) provided by that food, 
or the percentage required of two or more nutrients 
in twice the proportion to the energy contribution 
for that food (see table 1). This definition of nutri- 
tious is a recommended definition consistent with 
results from a 1976 study by the Society for Nutri- 


! It is well known that the income variable as reported in house- 
hold survey data has several deficiencies as an argument for Engel 


Curve estimation. For further explanation of this problem, see: 


Brown and Deaton, p. 1172, and Hassan and Johnson 1976, pp. 
5-6. 


Copyright 1981 American Agricultural Economics Association 


256 May 1981 


Table 1. 
Nutritious Foods 


Relatively More Nutritious end Less 





Relatively More 
Nutritious Foods 


Relatively Less 
Nutriticus Foods 





Cereals, flour, rice, pasta 
Bread, biscuits, rolls, muf- 
fins 


Fresh cakes and cupcakes 
Cookies 


Crackers 
Meats, poultry, fish and Sweet rolls, cotfecakes, 
eggs (excert bacon and doughnuts 
frankfurters) Frozen and refrigerated 


Dairy products (except ice 
cream and related prod- 
ucts) 


bakery productz, pies, 
tarts, curnovers 


| Васоп 
Fruits and vegetables (ех- Frankfurters 
cept apples) 
Margarine? Ice cream and related 
argarine products 
Peanut butter Apples 


Other prepared foods (ex- 


cept other condiments) Sugar, candy, ерене gum 


and other sweets 

Other fats, oils anc salad 
dressings 

Nondairy substitutes 

Nonalcoholic beverages 

Other condiments 


* Butter is included in dairy products. 


tion Education conducted for the Federal Trade 
Commission (Society for Nutrition Education).? 
The eight key nutrients used in the analysis were 
folacin, vitamin B-6, pantothenic acid, magnesium, 
vitamin A, calcium, iron, and vitamn E. 

Data for all households and the households strat- 
ified according to life cycle stages were used ir the 
analysis. Since cross-sectional data are used the lite 
cycle stages depict different families at each stage 
rather than a cohort of families moving thrcugh 
d:fferent stages. Life cycle stages in this analysis 
only provide a classification scheme. 

The life cycle stages were: 

Life cycle stage 0: all not included in groups опе 
through six, i.e., single men, single women, ec. 

Life cycle stage 1: no children are present and the 
hcusewife is 40 years of age or less. 


2 In that study a sample of SNE members were surveyed con- 
ceraing the correct definition of a ‘‘nutritious’’ food so that -ec- 
ommendations could te made regarding a proposed Federal Trade 
Corimissioa Trade Regulation Rule on the use of the term nu- 
trittous’’ in food advertising. 

? Pennington in her ‘‘Dietary Nutrient Guide” defined the Erst 
seven nutrients as key nutrients whose presence in sufficent 
amounts are indicators of the adequacy of a larger group of еѕѕ:п- 
tial nutrients. She states that if one obtains the suggested daily 
intake of the index nutrients from natural foods and follows a few 
other suggestions, then the diet will be adequate in approximately 
all essential nutrients. Inclusion of adequate amoun:s of vitamin A 
and 7olacin will contribute to the vitamin E requirement but will 
not ensure it, The authors, thus, felt justified in including vitamin 
E as an index nutrient. 
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Life cycle stage 2: average age of children is less 
than six years. 

Life cycle stage 3: average age of children is 
between six and 12 years. 

Lfe cvcle stage 4: average age of children is 
between 12 and 17 years. 

Life cycle stage 5: average age of children is over 
17 years. 

Life cycle stage 6: no children are present and the 
housewife is over 40 years age. 

Because household size and composition account 
fcr z significant proportion of variation in food ex- 
репа ture patterns across similar families, the in- 
come and expenditure data were adjusted sepa- 
rately, using an adult-equivalent scale, before es- 
timat:ng the Engel function.^ The adult-equivalent 
scale is simply a device for specifying the require- 
ment: or expenditures of an individual of a particu- 
ar age and sex as a proportion of the standard or 
»ase individual such as an adult male. The adjust- 
ment of the food expenditure and income variables 
makes the estimation of one Engel function for 
households of varying sizes, ages, and composi- 
tions possible. The procedure prevents attributing 
to inccme or food expenditures part of the variation 
prope-y attributable to variations in the age, sex of 
houserzold members, or the effects of family size. 
Engel curves were estimated for sample households 
s'ratified according to their stage in the life cycle. 


Methodology 


Economic theory provides no a priori rationale for 
the app-opriate functional form for the Engel rela- 
ticnship, although it does indicate that the func- 
Псла] form selected should obey the ‘‘adding-up’’ 
criterior (Salathe, p. 11). Yet the choice of func- 
tional form can influence substantially the esti- 
meted :лсоте elasticity. The linear and double- 
logarithmic tend to be the most commonly used 
furctional forms, but empirical studies indicate the 
income zlasticity of food is below unity and falls as 
income rises. This implies that both the linear func- 
tional fo-m with rising elasticity and the double- 
logarithmic form with constant elasticity are inap- 
propriate for the analysis of Engel relationships 
(Za-embEa). 

Ia this study Engel relationships were estimated 
usirg a Box-Cox transformation, for which the 
linear and logarithmic forms are special cases 
(Во ‹-Сох, Chang, Zarembka).5 To begin this anal- 


* Irdex values for food equivalent scales are from, Price et al., 
vcl. 2, chap. 9, p. 51. Estimates were developed by Price from the 
USDa 1965 Household Food Consumption Survey. For the anal- 
ysis, nher adjustments were made to reflect economies of size 
resultng from additional children as discussed in Price, p. 229, 
table 2. See Price for additional explanation and discussion. For 
explaration -f derivation of income index values see USDL. 

£ Wier: А = 1, equation (1) is linear and when А = 0, equation 
(1) is couble I5garithmic. In the linear case, A = 1, and the income 
elastic ty, 
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ysis the general functional form of the Engel Curve 
is written: 


(1) CY = а, + a, Yi? * Ui, 


where C; is the amount of food expenditure per 
food-adult equivalent, Y; is income per income- 
adult equivalent, and U; is the disturbance term of 
the cross-sectional group or household. The vari- 
ables C and Y/? are defined as: 


Q) CY = (с^ = D/A, and 
¥® = (Y^ — 1)/A, 


where А represents a transformation parameter to 
be determined. The U; term for the given A's is 
assumed to be normally and independently distrib- 
uted with zero mean, constant variance, and zero 
covariance. The income elasticity of food demand, 
N,, can be shown to be 


(3) N, = ai(Y/C)*. 


The sign of the income elasticity depends on the 
sign of а;, since Y, and C; are nonnegative values 
but its value depends on the relationship of Y; to С, 
and the value of А. 

Given the above assumptions for U, and using 
the Box-Cox maximum likelihood approach, the 
logarithm of the likelihood function for a given А 
that is to be maximized is, disregarding the con- 
stant, 


(4) La 0) = - Хо 0) + A= 1) УС, 
i 


where 6° is the estimated error variance of the 
regression of C; on Y, Maximization of (4) over 
the entire parameter space requires selection of al- 
ternative values of А over a reasonable range, the 
regression of С^ on FY, and the determination of 
the transformation parameter À that maximizes (4). 
An approximate (1 — o) confidence interval for А 
can be defined since 2[Lmax (A) — Lmax (A)] is ap- 
proximately distributed as x? with one degree of 
freedom. That is, the (1 — a) confidence interval 
for A is obtained by finding that value on either size 
of À such that Lmax (А) — L™* (А) = 5 Xi! (a). 
C, was further subdivided into foods that are rela- 
tively more nutritious and foods that are relatively 
less nutritious components of diets, so three general 
equations were estimated. Households also were 
separated into life cycle groups. Average income 
and expenditure on all food and relatively more or 
less nutritious components of diets appear in table 
2. Average household income, it appears, is higher 





1 yeu ——+1)-1, 


a, Y, Y, аў аї ч 


tends toward one as Y, increases; in the log case, А = 0, and 
N, = ау, the standard constant elasticity result. The semilog, 
hyperbolic, and log-reciprocal forms also can be shown to be 
special cases of the general form. 
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Table 2. Average Annual Household Income 
and Expenditure on All Food and Relatively 
More or Less Nutritious Foods at Each Stage of 
the Life Cycle 





Relatively Relatively 








More Less 

Lifecycle Nutritious Nutritious 
Stage Income АП Food food Food 

--------------- ($)--------------- 
0 5,603.96 1,207.92 1,037.68 170.24 
1 12,610.41 2,025.05 1,740.28 284.77 
2 11,369.67 2,885.97 2,478.17 407.80 
3 12,901.33 3,743.19 3,178.67 564.52 
4 14,002.51 4,099.24 3,511.75 587.49 
5 14,716.19 3,461.66 2,958.41 503.25 
6 10,551.08 2,570.11 2,203.64 366.47 
АП 11,316.97 2,772.01 2,372.26 399.75 





for each succeeding stage in the life cycle, except- 
ing stage two, until stage five is reached. It then 
declines, Average expenditure on all food and rela- 
tively more and less nutritious food increases until 
stage four is reached and then declines. Food ex- 
penditure, apparently, increases with the addition 
of children to the household and continues to in- 
crease as the children grow older, peaking when 
they are teenagers. 


Results 


Both expenditure and income per adult equivalent 
were transformed as indicated in equation (2) by A's 
valued at intervals of 0.01 between —1.00 and 1.00. 
C(9 was then regressed on Y/? for each set of the 
transformed data. Lmax (А) was calculated for each 
regression by using equation (4). Estimated 
coefficients and related statistics for the various 
regressions are given in table 3. R? values are all 
very low. This is not unusual in cross-sectional 
studies. The maximum likelihood estimates for A, X 
ranged from .16 to .47, which is distinctly different 
from zero or one. The 95% confidence interval for 
each А varied approximately .02 to .08 from the 
maximum likelihood estimates for A, А. Neither A = 
1 nor A = 0 fell within the 95% confidence interval. 
The null hypothesis that the functional form was 
linear (/2,:4 = 1) or logarithmic (Н,:А = 0) could be 
rejected at the 5% level of significance. Coefficients 
of Y/? in all equations excepting life cycle stages 0 
and 1 were significant at the 5% level. 

The general functional form was considered to be 
a more accurate representation of the Engel curve. 
Income elasticities for the general functional form 
were represented by N, = a: (T) anà were also 
considered to be better estimates of income elas- 
ticities. Table 3 contains the estimates of the in- 
come elasticity at the means for all six life cycle 
stages for all food, and relatively more and less 
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nutritious foods derived at the maximum value, А, 
for the general functional form. For all food, the 
highest income elasticity derived was for Stage 4 
(А = .45) and the lowest for Stage 0 (А = .34). For 
foods that are relatively more nutritious compo- 
nents of diets, the income elasticity was highest for 
Stage 6 (no children present and the housewife was 
over 40 years of age (X = .27) and lowest for Stage 1 
(& = .31). For foods that are relatively less nutri- 
tious components of diets, the income elasticity 
was highest for life cycle Stage 5 (Å = .22), when 
the average age of the children is over 17 years, 
and lowest for Stage 0 (А = .16). As households 
move from ‘‘single persons” to '* married with small 
children" (under six years) their food expenditure 
response to an increase in income increases for all 
foods, relatively more nutritious and less nutritious 
foods. This increased food expenditure response 
continues for relatively less nutritious foods 
throughout child-rearing ages and decreases for 
older person households when children are gone. 
However, for all foods and foods that are relatively 
more. nutritious dietary components, the food ex- 
penditure response is more volatile. When children 
are between six and twelve years, there is a notice- 
able decline in the income elasticity. This response 
then rises and reaches a peak when children are in 
the teenage years, declines again when children are 
over seventeen and increases for older person 
households. Thus, the elasticities imply (a) house- 
holds will spend a greater proportion of a greater 
income on all food when there are teenagers in the 
household; (b) older households without children 
will spend a greater proportion of a greater income 
on relatively more nutritious foods, and (c) house- 
holds where the children are older and some, in 
fact, are young. adults, will, on the average, spend 
the greatest proportion of a greater income for rela- 
tively less nutritious food. The further implications 
are that as the average age of the children in house- 
holds increases, households will spend a greater 
proportion of a greater income on foods that are 
relatively less nutritious components of diets; and 
that as the proportion of older households without 
children increases, a greater proportion of greater 
household incomes will be spent on relatively more 
nutritious foods. 


Summary and Conclusions 


Income elasticities for all food, relatively more nu- 
tritious and less nutritious components of diets for 
all stages and seven designated life cycle stages, 
were estimated using the general functional form 
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confidence interval for А varied no more than .08 
from the value of À. The hypothesis that the linear 
or logarithmic functional forms which were also 
estimated fit the data was reiected at the 596 level. 

Using the mean value in the estimating equations, 
the highest income elasticity using the flexible func- 
tional form was for Stage 4 (average age of children 
between 12 and 17 years) and the lowest for Stage 0 
(single people) for all food. This is logical since 
food is a higher priority for households, generally, if 
they have teeaage children and a lower priority for 
single people. 

Interestingly, the income elasticity for the rela- 
tively more nutritious food components was highest 
for Stage 6. This implies that older people have a 
greater appreciation for nutrition. Nutrition educa- 
tion efforts to be most cost-effective should be di- 
rected to other household groups. For less nutri- 
tious food, the highest income elasticity was for 
Stage 5 (where the average age of the children was 
over 17 years). It may well be that relatively less 
nutritious foods are more appealing to teenagers 
and young adults. This has serious implications. 
Greater nutrition education efforts should be di- 
rected at those two groups who are just entering the 
labor force and for whom, over the lifetime, better 
health and higher productivity will have higher eco- 
nomic and noneconomic payoffs than for older per- 
sons. 

Thus it would appear estimates of income elas- 
ticities based on linear and logarithmic functional 
forms may require reevaluation. Specific policy- 
relevant findings from this study indicate single- 
person households have lower income elasticities 
than households in any o:her life cycle stage for all 
food and for relatively less nutritious foods, while 
older people in childless households have the high- 
est income elasticity for relatively more nutritious 
foods. This may not accord with the preferences of 
those who would prefer households with younger 
children and younger, more productive, adults to 
spend high proportions of higher income on more 
nutritious foods. 


[Received December 1979; revision accepted 
December 1980.] 
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The Impact of Changing Marketing 


Margins on Farm Prices 


B. S. Fisher 


An important issue in the debate about the cost of 
marketing services is the incidence of a change in 
the charges associated with marketing an agricul- 
tural product. Traditionally the treatment of this 
question has been divided into two parts, the first 
being consideration of the incidence of charges as- 
sociated with the introduction of new services and 
the second, consideration of the incidence of a 
change in the cost of an existing service. This note 
will deal with the latter. 

The incidence of a change in the cost of existing 
marketing services may be explored graphically by 
the methods outlined by Tomek and Robinson (pp. 
120—4). Although it is possible to arrive at broad 
conclusions about the incidence of changes in the 
level of marketing costs, it is difficult to quantify 
these effects using graphical methods. However, by 
employing a diagram such as figure 1 (c), it is pos- 
sible to derive a relationship which may be used to 
quantify the effects of an exogenous change in mar- 
keting charges on retail and farm prices. For ease of 
illustration it is assumed that the market operates 
on only two levels, that is, the farm level and the 
retail level. 

In figure 1 demand at the retail level is denoted as 
Dx. Supply at the farm level is denoted as 5. For 
present purposes it is assumed that the quantity of 
the good is measured in terms of retail weight. The 
demand for the marketing services needed to trans- 
form the good as it moves through the marketing 
chain can be derived as the vertical difference be- 
tween supply at the farm level and demand at the 
retail level. The derived demand for marketing ser- 
vices is denoted as Dm. In the present paper it is 
assumed that the supply of marketing services, $m, 
is perfectly elastic. Such a case would exist, for 
example, where there is excess capacity in the ser- 
vice industry. The interaction of the demand and 
supply of service functions establishes the price 
paid for services, that is, the marketing margin. The 
margin before the change in the cost of existing 
marketing services is the difference between Px, 
and Pap, that is, the difference between the retail 
price and the farm price. 

With reference to figure 1 (c), it can be seen that 
a small change іп the margin, 8M, represented by 
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the difference between Sm, and Sm, leads to a 
change in both the retail and the farm price and a 
change in the quantity sold, 8Q. The present paper 
is concerned only with cases where the change in 
the marketing margin is a result of exogenous shifts 
in the supply of marketing services, such as that 
caused by an increase in real wages, for example. 
The change in the margin, 8M, can be decomposed 
into its effect on the farm and retail prices. That is, 


(1) 8M =r + f, 


and the proportion of the increase borne by the 
farmer is given by 


(2) 1, = ffir + f). 


If it is assumed that the demand and supply 
curves are linear over the range, 6Q, then the dis- 
tances r and f are related to the slopes of the de- 
mand and supply curves, respectively. Although 
empirical estimates of the slopes of demand and 
supply response functions are often reported in the 
literature, these are of little use in a general analysis 
because slope estimates are dependent on the units 
of measurement chosen by the investigator. For 
general application it is necessary to have a formula 
based on elasticity estimates because these are 
readily available, widely understood, and indepen- 
dent of the units of measurement. Such a formula 
can be derived using figure 1 (c). From the diagram 
it can be seen that the direct price elasticity of 
demand at equilibrium is 


(3) y= 22 2x 


r Q’ 


and that the direct price elasticity of supply is given 


by 
= 20 Pa 
(4) £a f 07 


Reexpressing equations (3) and (4) with r and f on 
the left-hand-side and substituting into equation (2) 
results in an expression for the farmers’ share of an 
increase in marketing charges. This relationship can 
be written as 


(5) : 


1 + e,/an’ 
where a = Ра, Рх, and y takes its absolute value. 
It is immediately obvious that farmers will pay 


100% of any increase in marketing charges if the 
elasticity of supply is zero. In the case where 


1, = 
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elasticities of supply 


є. = an, the increase in charges is shared equally 
between producers and consumers. 

The graphical approach and the resulting equa- 
tion for the farmers’ share of an increase in cherges 
for existing marketing services depeads implicitly 
on the assumption that the elasticity cf substitction 
bstween agricultural products and other inputs into 
the marketing sector, g is zero. This assumption 
can be relaxed if a mathematical mode. of a compet- 
itive marketing sector, such as the one cutlined by 
Gardner (pp. 399—409), is used. The model 2m- 
ployed by Gardner consists of six equations de- 
scribing a food-processing sector which uses мо 
factors of production, agricultural products and 
otaer marketing inputs. The market is described by 
a production function, a retail demand equation, 
two input supply equations and two equations set- 
ting out the marginal conditions for profit maximi- 
zation, The effect on market equilibrium of a 
change in the cost of existing marketing services 
can be analyzed by differentiating the equations in 
the model with respect to the cost of marketing 
services. Using Gardner's nomenclature, this ~e- 
suks in a three-equation system of the form:! 


So 
c 








(6) О = Tx + | Esr + E, T 
с а € 


ls 


! See Gardner (p. 400 and appendix) for details of the derivation 
of this system. 








Amer. J. Agr. Econ. 


(c) 


Price 


(retail 
weight) 





Quantity 


Quantity 
(retail weight) 


(retail weight) 


Price of 
Marketing 
Services 





Quantity Quantity 


Producer and consumer shares of an increase in marketing charges given different 


Sa 





(7) €r = 





Sa 1 
Ear ES | d + x Ет + E, т 


(8: О = 5,Е + SeEvr — т}Ёр т, 
where a and b are the quantities of the agricultural 
prodict and the other marketing inputs, respec- 
tively; S, and S, are the relative shares of a and b, 
гог example, Se = aP,/xP,; e, is the own price 
elasticity of supply of marketing inputs other than 
agricultural products; and Eer Ej, and E,,; are 
total elasticities which indicate how the first sub- 
scr. pted variable responds to a change in T. T. rep- 
resen:s an exogenous factor which shifts the supply 
of marketing services upward, thus increasing the 
price of the services. 

The farmers! share of an increase in marketing 
Cha-ges is given by the expression 


| E [8p./87] . 
9) = 180751 + op 


Solving the system of equations (6), (7), and (8) to 
obtzin expressions for the partial derivatives in (9) 
and substituting into (9) results in the following 
expression for the farmers' share of an increase in 
marketing charges. ` 
E + ца 
т 


£a 


PEET 
c £a с ег 





(17) I= 


Fisher 


where т) takes its absolute value. Taking the limit of 
equation (10) as o approaches zero gives equation 
(5), the result obtained from figure 1(c). 

Equations (5) or (10) may be used to show how 
the burden of any exogenous change in marketing 
charges will be shared by producers and consum- 
ers, given estimates of the necessary parameters. 
For example, the equations may be used to analyze 
the effect on the price received by farmers of an 
increase in wage rates in the service sector or an 
increase in the price of fuel. Both the aforemen- 
tioned charges will cause the supply curve for mar- 
keting services to shift upwards, thus increasing the 
marketing margin. As an illustration, equation (5) 
has been used to show the incidence of a change in 
the cost of marketing services given different elas- 
ticities of supply and demand. Tables 1 and 2 illus- 
trate the shares under the assumptions that a = 0.52 
and а = 0.34, respectively. The values for а were 
calculated for the Sydney beef market over two 
time periods. The average value for о in the market 
for the period 1971 to 1978, excluding the years 
1975 and 1976 was 0.52. The years 1975 and 1976 
were years in which the farm price of beef was 
depressed. The average value for a in those years 
was 0.34. In the case of both tables it is assumed 
that с = 0.0. The estimated shares are sensitive to a 
change in the assumption that the elasticity of sub- 
stitution is zero. For example, for the combination 
т = 1.3, eg = 0.3, a = 0.52, and с = 1.0, the 
farmers’ share of an increase in the cost of market- 
ing services is 0.48 compared to 0.69 in table 1. It is 
likely, however, that the elasticity of substitution of 
marketing services for beef is close to zero. 

The above formulas are applicable in cases where 
the demand and supply curves have the usual 
slopes. An interesting case arises when the slope of 
the supply function is negative, something that may 
occur in the short run in the beef industry (see, for 
example, the evidence presented by Tryfos or 
Freebairn). The effect on prices at retail and the 
farm gate of a change in marketing charges when 
the supply elasticity is negative is illustrated in 
figure 1 (a). In this case the demand curve for mar- 
keting services is positively sloped and it is possi- 


Table 1. The Incidence of an Increase in the 
Cost of Existing Marketing Services When the 
Farm Price is High (Farmers! Share of the In- 
crease) 





Elasticity of Demand? 





Elasticity of 





Supply 0.0 0.50 -—1.00 -1.30 -1.50 
0.00 = 100 1.00 1.00 1.00 
0.30 0.00 0.46 0.63 069 0.72 
0.50 0.00 0.34 0.51 0.57 0.61 
1.00 0.00 0.20 034 0.40 0.44 





? The elasticity of substitution between agricultural and other in- 
puts in the marketing process is assumed to be zero. 
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Table 2. The Incidence of an Increase in the 
Cost of Existing Marketing Services When the 
Farm Price Is Low (Farmers! Share of the In- 
crease) 





Elasticity of Demand? 





Elasticity of 





Supply 0.0 | —0.50 -—1.00 -—1.30 —1.50 
0.00 — 1.00 1.00. 1.00 1.00 
0.30 0.00 0.36 0.53 0.60 0.63 
0.50 0.00 0.25 0.41 0.47 0.51 
1.00 0.00 0.15 0.25 0.31 0.34 





5 The elasticity of substitution between agricultural and other in- 
puts in the marketing process is assumed to be zero. 


ble, therefore, that in some cases the market will 
not reach equilibrium. In the example illustrated by 
figure 1, an increase in the size of the margin is 
consistent with a lower price at both the farm and 
retail levels. The difference between Px, and Рх; on 
figure 1 (a) could be thought of as the amount by 
which the farmers' share of an increase in market- 
ing charges exceeds 100%. The time paths of prices 
at both levels in the market may be traced with the 
aid of figure 1. The figure illustrates the changes 
that would occur as adjustment takes place over 
time. The figure shows that as a result of an in- 
crease in charges, prices at both the farm and the 
retail levels initially fall and then, as further adjust- 
ment takes place, prices rise. 

The present note explores the effects on retail 
and farm prices of a shift in the supply curve for 
marketing services. Such a shift could be caused by 
changes in exogenous factors, such as wage rates or 
the price of energy, for example. The formulas that 
have been derived show that for most agricultural 
products, the major adjustment to a change in mar- 
keting charges will be made by farm prices. Farm- 
ers therefore have a strong economic interest in 
promoting efficiency in the service sector. 


[Received June 1980; revision accepted 
November 1980.] 
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Crop Production Costs and Returns on Midwestern 
Organic Farms: 1977 and 1978 


Georgia Shearer, Daniel H. Kohl, Diane Wanner, George Kuepper, 


Susan Sweeney, and William Lockeretz 


Increasing costs of energy have had a sericus im- 
pact on the cost and supply of fertilizers, particu- 
larly nitrogen fertilizers. The use of severel pes- 
ticides has been banned or restricted, and restric- 
tions are being considered for others. For these 
reasons, a reduction in the chemical and energy 
intensiveness of agriculture would be deszrable, 
provided that agricultural production would not be 
reduced seriously or production costs appreciably 
increased. Organic farming represents a lower 
bound on chemical intensiveness and consequently 
is considerably less energy intensive as well. A 
study of such farms can provide information cn the 
affect of reducing the use of farm chemicals on 
2roductivity and economic performance. 

We have previously reported results of a three- 
vear comparison of economic performance. and 
energy intensiveness of crop production on four- 
teen pairs of midwestern mixed grain-livestock 
farms which do (conventional farms) and which do 
not (organic farms) use standard commercial fer- 
tilizers and pesticides (Klepper et al., Lockeretz et 
al. 1978). The value of crops produced on organic 
farms, per unit area of cropland, was about 1196 
lower than on conventional farms. Operating ex- 
penses were also lower on organic farms and net 
returns about the same. Energy use for each dol- 
lar's worth of crops produced on organic farms was 
only 4095 of that used on the conventional farms. 
Two major limitations in the three-year compar-son 
restrict the applicability of the results. First, the 
semple was small and selected in an ad hoc way, 
essentially by word of mouth, because no listinz of 
organic farms wes available when the study began. 
Second, the data were obtained during three years 
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of relativeiy unfavorable conditions. On the basis of 
botk agronomic principles and empirical measure- 
men.s (Lackeretz et al. 1980), relative yields on 
organic farms compared to conventional farms can 
be e:pected to be better under adverse than under 
Зао гаре growing conditions. 

Because of these limitations, we extended our 
analysis of crop production on organic farms by 
analyzing a different sample for two additional 
rearg 1977 апа 1978. The results are reported in 
this [ aper. 


Methsds 


11 thi section, we describe briefly this new sample, 
both “he organic farms and the comparison farms. 
Then we discuss the cost and revenue calculations 
that ferm the basis of our analysis. 


Selecton of Farms 


Tae organic farm sample for this study was drawn 
from 1 survey (Wernick and Lockeretz) which 
id2ntifed more than 250 farmers in the western 
Corn 3elt who do not use standard commercial 
fe-tiliz:rs or pesticides, who produce field crops 
(generzllv in association with livestock), and whose 
farms zre over 40 hectares in size. For this study, 
we Enrted our sample to the crop enterprises of 
beef ard hog-producing farms in Jowa, southern 
Minnesota, and northern Illinois that had been soil 
mappec. The twenty-three organic farms in the 
1977 aralysis represent all of the organic farms in 
our sur-ey which met the above criteria and whose 
operato-s were willing to cooperate in the study. In 
1978, tLe number of cooperating organic farms 
droopec to nineteen. Most of the sample farms 
were in Iowa (eighteen in 1977 and fifteen in 1978). 

V/hensver possible, the sample organic farms 


. were compared to all beef and hog farms in each of 


the courties in which the organic farms were lo- 
cated. Depending on available data, some compari- 
sont mctably, crop yields) were made with all 
fzrms, not just beef and hog-producing farms, in 
eack cf "he counties. 

Tre average farm size of the 1977 organic sample 
was 35.1 ectares, compared to 95.6 hectares for all 
oeef and hog farms in the relevant counties (U.S. 
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Department of Commerce). Here farm size refers to 
the amount of cropland, set-aside land, and perma- 
nent pasture. Farm buildings and woodland are not 
included. Although the average size of the two 
kinds of farms was nearly equal, the distribution of 
farm sizes was not. Organic farms under 40 hec- 
tares were excluded frcm the sample, whereas the 
group of beef and hog ferms in the relevant counties 
included all sizes. 


Land Capability 


The quality of the lanc on the organic sample was 
compared to that on all farms in the relevant coun- 
ties by determining the proportion of farmland in 
each capability class. For organic farms soil maps 
were used for this determination. For all farms in 
the same counties, the fraction of farmland in each 
capability class was taken from statistical sources 
(Illinois, Iowa, and Minnesota Conservation Needs 
Committees, and Soil Conservation Service).! The 
proportion of farmland in capability classes I and II 
(prime cropland) was 54% for the organic farms and 
68% for all farms in the same counties. Capability 
classes I-IV (land suizable for cropping) accounted 
for 94% of the organiz farmland and 96% of all the 
farmland in the same counties. Thus, the quality of 
the land on the orgaric sample and on all farms in 
the same counties wzs very similar. In both years, 
the percentage of land in classes I and II on organic 
farms was significantly and positively correlated 
with the comparable percentage for all farms in the 
relevant counties (1°77: r = 0.70; 1978: r = 0.62, 
slope — 1.05). This shows that individual organic 
farms were roughly similar to all farms in the same 
counties in the fract on of land that is prime crop- 
land. Most of the land suitable for cropping (94% of 
classes I-IV) was used for that purpose on organic 
farms. 


Crop Mix 


The crop mix on the organic sample was obtained 
from information supplied by the farmers. The only 
data on crop mix available for other farms were 
statewide data by tvpe of farm for 1974 (U.S. Dep. 
of Commerce) and county-wide data for all types of 
farms for 1977 and 1978 (Illinois Cooperative Crop 
Reporting Service, Iowa Crop and Livestock Re- 
porting Service, Minnesota Crop and Livestock 
Reporting Service). We estimated, for 1977 and 
1978, the crop mix for all beef and hog farms in the 
relevant counties using the following assumptions: 
for a given crop and a given county, the fraction of 
land in that crop or. a particular type of farm in 1977 


з For all farms in the relevant counties, the fraction of farmland 
in each capability clas; was taken from the 1967 Conservation 
Needs Inventory (Illinois, Iowa, and Minnesota Conservation 
Needs Committees). Tae 1977 National Erosion Survey (subject 
to revision) (Soil Conservation Service) showed little change in 
the area of farmland or the distribution of this land within capabil- 
ity classes between 1957 and 1977. 
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or 1978 stood in a fixed ratio, independent of farm 
type, to the fraction of land in that crop in 1974 on 
all farms of that tvpe in the state; the relative aver- 
age farm size for the various types in a given county 
was the same as for the state as a whole; the propor- 
tional number of farms of each type in a county 
remained constant from 1974 to 1978.? Because of 
lack of data, we further assumed that oats are a 
constant fraction of the land in hay in each county, 
oats being raised primarily as a nurse crop for hay. 
The Census data on rotation and permanent pasture 
are unreliable, because farmers apparently do not 
distinguish consistently between the two, although 
the total pasture is correct. We therefore used the 
1977 National Erosion Survey (Soil Conservation 
Service) to determine the proportion of land in 
permanent pasture in each state, and deducted the 
amount of rotation pasture from the Census data on 
total pasture. We further assumed that the ratio of 
rotation to permanent pasture for beef and hog 
farms in a given county was the same as for all 
farms in the state. From these assumptions, and the 
data sources, indicated, we estimated crop mix on 
all beef and hog producing farms in each county in 
1977 and 1978. 


Yields and Market Value of Production 


Crop yields on organic farms were taken from 
farmer reports. À previous comparison of measured 
corn grain yields with yields as reported by farmers 
showed close agreement (Lockeretz et al. 1980). 
These yields were compared to yields on all farms 
in each respective county as reported in Agricul- 
tural Statistics (Illinois Cooperative Crop Reporting 
Service, Iowa Crop and Livestock Reporting Ser- 
vice, and Minnesota Crop and Livestock Reporting 
Service). Hay yields on organic farms in Minnesota 
and Illinois were the same as on all farms in the 
corresponding counties. On this basis, hay yields 
on organic farms and on all farms in the relevant 
counties in Iowa, which does not report hay yields, 
were assumed to be equal. 

In all cases, the market value of production was 
calculated using season average prices reported by 
USDA Statistical Reporting Service. Organic farms 
were not credited with any premium price for their 
products. A previous survey (Wernick and Loc- 
keretz) showed that premium prices are not a sig- 
nificant factor on this type of organic farm. 


Expenses 


Only operating costs were considered. Fixed costs 
were assumed to be the same on both kinds of 


? For example, suppose that in the state as a whole in 1974, 50% 
and 25% of the land on cash grain and beef and hog farms, 
respectively, was in corn. Suppose also that the proportion of 
cropland in corn in a particular county in 1977 was 1.2 times that of 
the state in 1974, Then according to our assumption, 60% (1.2 x 
50%) and 30% (1.2 x 2596) of the land on cash grain farms and 
beef/hog farms, respectively, in that particular county would be 
assigned to corn. 


266 May 1981 


farms. This assumption seems justified in light of 
our previous finding (Lockeretz et al. 1975) that 
organic and conventional farms are virtuall identi- 
cal in machinery, equipment, and land quality. 
Methods of estimating operating costs on organiz 
farms have »een described previously (Lcckeretz 
et al. 1975). The number of individual operaticns 
involved in crop production and the rate of z prlica- 
tion of materials, such as fertilizers, pesticides, and 
soil amendments, on county farms were taken fram 
the Firm Enterprise Data System (USDA ERS) 

except that these farms were credited with zhe ful 
fertilizer valve of all manure produced.? Costs of 
inputs (with the exception of organic fertilizers, the 
cost of which was taken from farmer reports) were 
based on data given by USDA Statistical Reporting 
Service. 


Energy Use for Crop Production 


The methods we used to estimate. energy we fer 
crop production have been described previously 
(Lockeretz et al. 1975, Lockeretz et al. 1976). Es- 
timates were based on fuel consumption for field 
operations and energy consumption for the produc- 
tion of materials used. Energy consumption for 
production of machinery and equipment and for 
transport of crops to market was not included. 


Results 


This section presents the major results of our analy- 
sis. Where possible, we present direct compar.sons 
between the organic farms and the others. 


Crop Yields 


Table 1 shows average yields in metric tons per 
hectare (MT./hz.) of the predominant grains grown 


+ The fertilizer value of manure was computed from the deasity 
ani type of livestoc«, taking into account its nutrient cortent 
(Ensminger), handling losses, and the effectiveness of manure 
nu-rients compared tc commercial fertilizers (Ensminger, Pee e et 
al. and Tisdale and Nelson). Livestock density and type were 
estimated by methods analogous to those used for crop mix. 
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on the organic and county farms in 1977 and 1978. 
In 1977 the average organic corn yield was 8% 
lower than the average county-wide corn yield, 
soybean yields were nearly ‘the same for the two 
groups, and oat yields. were about 10% higher on 
organic farms. The low average corn yields on both 
kinds of farms in 1977 reflect serious drought in 
several of the counties. 

1978 presents a different picture. It was an un- 
usually favorable growing year throughout the 
western Corn Belt. Organic corn yields were about 
18% lower than those on all farms in the relevant 
counties, a difference that was significant at the 
39% confidence level. Organic soybean yields were 
about 7% lower, and oat yields were 6% higher on 
organic farms. The differences in soybean and oat 
vields were not significant. 

Table 1 also shows that organic and county yields 
юг a given crop were significantly correlated with 
each other. This indicates that the organic farms 
were similar to all farms in the corresponding coun- 
tes with regard to enviornmental factors that affect 
yields. 


Fraction of Total Farmland in Various Uses 


Table 2 shows land in crops, permanent pasture, 
and the set-aside program. (Land use for other pur- 
poses, such as buildings and woods, is not in- 
cluded.) Less land is used for corn on organic farms 
than on all-oeef and hog-producing farms in the 
ccrresponding counties. More land is used for oats, 
a aurse crop for hay, on organic farms. The total 
frection of land in hay and pasture is about the same 
on the two kinds of farms. However, less of this 
land is in permanent pasture and more in rotation 
hay and pasture on the organic farms. Although 
there may be differences in erosion resulting from 
the difference in crop mix, we do not assign a dollar 
value to this. 


Co-ts and Returns for Crop Production 


Cable 3 gives economic data for each of the major 
cro»s and for all crops. The first column of table 3 


Table 1. Average Grain Yields on Organic Farms end on all Farms in Corresponding Counties 





(1) (2) 
No. of Yield Yield Correlation between 
Organic Organic Farms All farms % Difference Organic and County 
Yeer Crop Farms (MT./Ha.) 'МТ./На.) [(1 — 2) + ауегаре]100 Yields (R) 
1977 Corn 21 4.9) 5.31 —8.0 0.749 
Soybeans 19 2.23 2. —0.1 0.508 
Oats 21 2.37 2.14 - 10.22 0.604 
197& Corn 19 6.20 7.42 ` +17.%. 0.402 
Soybeans 16 2.38 2.56 —7.3 0.715 
Oats 17 2.4: 2.29 +5.9 0.500 





ab Differences between organic and all farms s«atistically significant at the 9876 and 99% levels, respe 


paired samples). 


ctively (based on.2-sided r-tests for 
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Table 2. Average Percentage of Land in Various Uses on Organic Farms and All-Beef and 
Hog- Producing Farms in Corresponding Counties 














1977 1978 
Organic All Organic All 
Farms Farms Farms Farms 
Cropland) wn enn ee ee == == (96) -------------------~----- 
Corn for grain 28.9 38.1? 26.7 38.5° 
Corn for silage 4.7 5.0 2.6 4.9 
Soybeans 18.6 16.6 18.1 17.2 
Wheat 1.9 0.3 0 0.1 
Oats 16.8 7.5° 14.7 7.4* 
Hay and rotation 
pasture 22.4 14.95 21.6 13.95 
Other 0 0.5 2.6 0 
Permanent pasture 6.8 17.1° ‚9.0 15.35 
Set-Aside program — — 4.7 2.85 
----2------------------ (hectares) --—-------------------- 
95.1 95.6 | 91.3 97.8 





Total farmland area 


abe Differences between organic and all farms statistically significant at the 90%, 95%, and 99% levels, respectively (based on 2-sided 


t-tests for paired samples), 


shows the value of production per hectare of crop- 
land. In the poor growing year, 1977, the only crop 
that showed a significant difference in value of pro- 
duction between the two kinds of farms was oats. 
However, oats are grown mainly as a nurse crop for 
hay. Soybeans yielded the highest value of produc- 
tion on both kinds of farms. The value of hay and 
rotation pasture was somewhat higher than that of 
corn in 1977. The high value of hay and rotation 
pasture compared to corn arises from the high cur- 
rent price of hay compared to corn, and low corm 
yields in 1977. Expenses were highest for corn, with 
the result that in 1977, the highest net returns were 
from soybeans, followed by hay and rotation pas- 


ture, with corn coming in a poor third. In 1977 there 
were no significant differences between organic and 
conventional net returns for any of the crops except 
oats, for which net returns on organic. farms were 
higher. 

Under the more favorable growing conditions of 
1978, corn—the crop which is apparently most vul- 
nerable to adverse conditions—became more 
profitable. In 1978, the most profitable crop again 
was soybeans, with corn about equally as profitable 
as hay and rotation pasture. The value of produc- 


‘tion of corn was significantly higher on all farms in 


each county than on organic farms. However, be- 
cause of differences in expenditures, there were no 


Table 3. Average Costs and Returns from Crop Production on Organic Farms and All- Beef and 
Hog-Producing Farms in the Same Counties ($/ha. of cropland) 











. Value of Operating 
Production Expenses Net Returns 
Year No. of 
pas Organic Organic All Organic All Organic All 
Crop Farms Farms Farms Farms Farms Farms Farms 
1977 
Corn 21 380 417 126 178 254 240 
Soybeans 19 482 477 84 101 398 376 
Oats 21 235 1618 64 44a 170 116^ 
Hay and rotation pasture 23 422 412 96 64: 326 348 
All Crops 23 384 407 95 129* 289 278 
1978 
Corn 19 484 571° 143 195° 341 375 
Soybeans 16 568 610 94 96 474 514 
Oats 17 217 178 69 44> 148 133 
Hay and rotation pasture 19 457 435 99 72b 358 363 
All Crops 19 440 527° 107 143° 333 3848 





abe Differences between organic and all farms statistically significant at the 902, 9595, and 99% levels, respectively (based оп 2-sided 


t-tests for paired samples). 
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significant differences between the two kinds of 
farms in net returns for any of tne individua! crops 
in 1978. 

Expenses on organic farms were lower for carn 
and soybezns and higher for oats and hay than on 
all farms in each county. The lower expenses for 
corn production on organic farms reflect the nonuse 
of standarc fertilizers and pesticides. The higher 
expenses fcr the production of oats, hay, and rota- 
tion pasture on organic farms reflect a practice 
common among organic farmers—the application of 
commercial organic soil amendments of negligible 
nitrogen, phosphorus, and potassium (N, P, К) con- 
tent to hav and oats. In contrast, conventional 
farms add few, if any, amendments to hay or oats. 

Table 3 also shows whole-farm costs and return 
for crop production, calculated by combining the 
data on individual crops and on the proportionel 
area in each crop (from table 2). In 1977, the year in 
which growing conditions were poor, the average 
value of crops produced on organic farms was only 
slightly lower than on all farms o? the same type. 
Expenses were also lower, and net returns for the 
two groups were similar. In contrast, in 1978. a year 
in which growing conditions were well abov2 aver- 
age, the value of production on organic farms was 
considerably lower than on all-beef and hog farms 
in the same counties. The difference between the 
two groups in expenses was almost the same in the 
two years. But in 1978, unlike 1977, the difference 
in value of production was too large tc be offset by 
the difference in expenses; net returns were lower 
(13%) on orgznic farms. 


Energy Consumption 


Energy use per dollar of crops produced is shown in 
table 4. The most energy-intensive crop on both 
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kinds of farms was corn, which also shows the 
largest difference between the two groups in energy 
use: The overall lower energy use on organic farms 
is because of their lower energy use for corn to- 
gether with the smaller proportion of cropland in 
corn. Energy use per dollar of crops produced on 
all-b2ef and hog farms was lower in 1978 than in 
1977 because of higher production in 1978, rather 
than lower energy inputs per unit area. 


Conclusions 


The results support our earlier conclusion (Klepper 
et al., Lockeretz et al. 1978) that under unfavorable 
growing conditions, crop production on organic 
farms is as profitable as on conventional farms. In 
contrest, under favorable growing conditions, con- 
ventional farms outperform organic farms. 
Despite major differences in agricultural practice 
between tie two kinds of farms, differences in net 
returns were modest, even under conditions which 
were extremely favorable for conventional prac- 
tice. This gap may narrow if costs of chemical in- 
puts rise, although simultaneous changes in other 
costs and in crop prices may obscure this effect. 
The -esults of this study show that an alternative 
agricultural system characterized by a different 
crop mix znd markedly less chemical input, pro- 
duced crop yields and net farm income which were 
close to those achieved on conventionally man- 
eged, commercial-sized, midwestern Corn Belt, 
mixed crop/livestock enterprises. We believe that 
an examination of productivity under management 
intermediate between the extremes studied here 
would be fruitful. It is important to explore the 
possibility of successful agriculture with fewer 


Table 4. Average Energy Use for Crop Production on Organic and All-Beef and Hog-Producing 


Farms in the Same Counties 








Energy Use 
(1) . (2) The Ratio of 
Year No. of Crganic All Energy Used per 
Le Organic Farms Farms Dollar Produced 
2“ Crop Farms ‘Meal. consumed/$ produced) 1:2 
1977 
Согп 2: 2.9 9.2 0.31 
Soybeans 19 1.4 1.5 0.90 
Oats 21 1.6 1.5 1.08 
Hay and rotatioa pasture 23 1.8 1.4 1.29 
АП Crops 23 1.9 5.19 0.39 
1978 
Corn 19 2.€ 6.15 0.42 
Soybeans 16 L3 1.2 1.06 
Dats 17 Л. 1.5 1.13 
Нау and rotatior pasture 19 253, 1.6? 0.81 
All crops 19 1.8 4.15 0.44 





ad Differences between organic and all farms stztistically significant at he 95% and 99% confidence levels, respectively (based on 


2-stled t-tests for paired samples). 
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energy intensive inputs in an era of higher costs and 
uncertain availability of the traditional inputs. 


[Received February 1980; revision accepted No- 
vember 1980.] 
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Impacts On Farmers of a Computerized Management 


Decision-Making Model 


David L. Debertin, Charles L. Moore, Sr.. Larry D. Jones, and Angelos Pagoulatos 


A number of states are currently developing com- 
prehensive programs for making computerized de- 
cision aids available to farmers (Harsh; Inzanger, 
Robbins, Debertin; LaDue; Schoonaert; Walker). 
While Cernea and Tepping have outlined proce- 
dures for a general evaluation of ag-icultural exten- 
sion projects, only a few efforts nave beea con- 
ducted with a corresponding research effort aimed 
at quantifying the impacts of computerized decision 
models on farmer behavior. (Erickson; Erickson, 
Sandborg, Byers; Knoblauch). This paper sum- 
marizes results from a pilot research project de- 
signed to provide measurements of changes in 
farmer behavior as the result of being exposed to a 
computerized planning model in extension. 

This study is an attempt to determine the specific 
management decisions that the farmers intenced to 
make as a result of having been exposed to the 
planning model. A follow-up effort one year later 
:dentified managerial decisions tha: actually had 
deen implemented as a result of exposure t» the 
planning model a year earlier. Hence. both farmers' 
intentions and realizations were measured ir this 
study. 


The Experimental Design 


Twenty-six commercial corn and sovbean farmers 
were invited tc participate in a workshop at the 
University of Kentucky using the KASH PROFITS 
computerized planning model. The KASH РЕОЕ- 
ITS model is a linear programming model de- 
s:gned to assist corn and soybean farmers in making 
planting, tillage, harvesting and other management 
decisions. It is a modified version о? model B-90 
originally developed over several years at Purdue, 
and is perhaps the most widely used comprehensive 
computerized management model in extension edu- 
cation. Details of the model construction can be 
found in a number of research and extension pvbli- 
cations (Brink, McCarl, Doster; Debertin et <l.). 
Because of its widespread use, the model has b2en 
subject to a more thorough testing ander actual 
farmers' conditions than have most other comput- 


David L. Debertin is a professor; Charles L. Moore, Sr., i- an 
associate extension professor; and Larry D. Jones and Angelos 
Pagoülatos are former extension professor and associate prcfes- 
sor, respectively, Department of Agricultural Economics, Unizer- 
sity of Kentucky. 


erized decision aids, and the behavior of the model 
is normally quite reliable (McCarl et al.). 

The farmers participating in the three-day work- 
shop were not a random sample, but were represen- 
taiive of progressive commercial grain farmers in 
Kentucky. Nearly all were members of Kentucky's 
farm business analysis program, a record and anal- 
ysis system sponsored by the Department of Ag- 
zicultural Economics. Acreages, ages, educational 
evels did vary widely (table 1). 

At the conclusion of the workshop, each farmer 
"was asked to complete a questionnaire which re- 
quested detailed information with regard to the 
specific changes the farmer intended to make as a 
result of having used the model over the three-day 
workshop session. One year later, a follow-up ques- 
tionnaire was mailed to each farmer who had partic- 
inated in the workshop. This questionnaire re- 
cuested de:ailed information with regard to the 
specific changes that were implemented as a result 
of their workshop experience one year later. 

Спе year may not be a sufficient length of time to 
measure the total benefits gained from an educa- 
tional experience. For example, farmers may not 
have sufficient time to make major decisions involv- 
irg factors such as those involved in the purchase of 
additional land or the acquisition of major items of 
machinery. However, a survey of farmers one year 
after a workshop with respect to the changes they 
implemented should provide a better estimate of the 
efectiveness of an educational experience than if 
survey data were gathered only at the workshop 
ccnclusion. 


Experimental Results 


Fer the initizl questionnaire, the following survey 
responses were possible: 


11) I intend to make the change. 
Q) I am undecided. 
Q) I do not intend to make the change. 
(4) If "no" of undecided,” it is because: 
(a) I could not figure out my output. 
(b) KASH PROFITS said a change was not 
profitable. 
(c) KASH PROFITS does not represent my 
farra. 
(d) I gave the computer the wrong informa- 
tion. 
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Table 1. Characteristics of Farmers Attending Workshop, 1976 

Mean Range 
_Average age (years) 34.12 22-53 
Years farming 11.62 1-31 
Educational level (years) 15.17 11-19 
Acres corn grown during 1976 $24 39-1,754 
Acres soybeans grown during 1976 | 250 0—870 
Months of labor used оп the farm (owned and hired) 43.6 6.6-159.1 
Investment in machinery $101,724 $13,699-$316,019 
Farm and family earnings? $123,007 $17,004—$381,031 





Source: Debertin, Moore, ani Jones. 


a Defined as return to capital, operator's labor and management. 


(e) Not enough time to make the change this 
year. 
(f) I cannot make the change because of cir- 
cumstances outside of my control. 
On the follow-up questionnaire, the following sur- 
vey responses were possible: 
(1) No, I did not make the change. 
(2) Yes, I did make the change as suggested by 
the model. 
(3) I made a partial change. 
(4) This question does not apply to my farming 
situation. 


Table 2.summarizes the twenty-five questions con- 
tained on the initial and follow-up questionnaire. 


Table 2. Survey Questions 





As a result of the KASH PROFITS workshop, will (did) 

you: 

a. change the acres of corn you grew? 

b. change the acres of single crop soybeans you grew? 

c. change the acres of wheat-double crop soybeans you. 
grew? 

. change the acres of corn silage you grew? 

. change the acres of land you rented in? 

. change the acres of land you rented out? 

. change the amount cf farm-held storage? 

. change the date you began planting corn? 

. change the date you began planting soybeans? . 

. change the hours of labor you used during planting? 

. change the size and number of tractors for planting? 

. change the date when you began harvesting corn? 

. change the date when you began harvesting single 
crop soybeans? 

. change the hours o? labor for planting? 

. change the hours o? labor for harvest? 

. change the size or number of combines you used? 

. change the timing of land preparation? 

change the timing of post-plant tillage? 

hire in a custom ccmbine for corn? 

hire in a custom ccmbine for soybeans? 

hire in a custom combine for wheat? 

. hire in custom silage harvest? 

. hire out your combine? 

. purchase a farm dryer, or change the time of dryer used? 
used? 

. change the amount of crop you stored on the farm? 


B wu - m9 о бс. 
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Table 3 summarizes results from the initial ques- 
tionnaire that farmers completed at the conclusion 
of the workshop. At the end of the workshop, a 
substantial number of farmers indicated a desire to 
make some changes in their farming operations as a 
result of having used the model. Some thirteen 
farmers indicated they would adjust their corn 
acreages, and fourteen said they would change their 
soybean acreages as a result of having worked with 
the model (questions a and b). However, this was 
not true for some other decisions. None were will- 
ing to change the acres of land rented out (question 
f). Only one farmer indicated a willingness to 
change corn silage acreages (question d), the size or 
number of tractors (question k), or hire a custom 
combine for wheat (question u). Ten farmers indi- 
cated a willingness to change soybean planting 
dates (question i) while nine were willing to change 
planting dates for corn (question Л). Nine farmers 
also indicaied a willingness to change the hours of 
labor used during harvest (question o) and change 
the amount of farm stored crop (question g). 

The most common reason for an unwillingness to 
make a change was that the model indicated the 
change was not profitable. For example, farmers at 
the workshop experimented with the option of 
adding a tractor or a new combine. In many instan- 
ces, these experiments indicated that new ma- 
chinery would not increase net returns. 

Factors outside the control of the farmer was 
another common reason for not making a change. 
These factors include long-term lease-rental com- 
mitments, credit restrictions, and the unavailability 
of land to rent in or labor to hire. A few farmers 
indicated that they did not have time to make the 
change for the upcoming cropping season but would 
the folloving year. Output from the model is quite 
lengthy and complicated. However, there was little 
evidence that farmers participating in the workshop 
had difficulty interpreting their output, or that they 
supplied incorrect information to the model. 

An analysis was conducted to determine the ex- 
tent to which linkages existed in farmer responses 
to the questions on the evaluation forms. This was 
an effort to determine if a farmer who had been 
exposed to a computerized decision model tended 
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Table 3. Frequency of Response to Questionnaire at Conclusion of the Workshop 





Question 

Response a b cd e f g h i : « i m n o p q r s t u v w x y Sum Mean 
Left blank 4 123 1 21 1 1 3 2 1 1] 1) 2 3 22 3 2 2 12 33 4 188 
Could not figure ont output 0000 0017 0002 10 00 1.0 1 ! 1 000 10 7 0.28 
Change not profitasle 3 453 3149 2 3 14 2 15 14 15 11 18 IS 14 16 14 19 11 8 10 9 290 11.6 

Does not represent farm 1 116 1 40 21 0 @ 9 2 1 01 00 1 22 2 43 22 3 148 
Supplied wrong infarmation 1100000205006 2000000000001] 00 3 0.2 
Not enough time this year 10706 02 3 0 I! 0.0 1001 000002 00 22 0.88 
Factors outside control 3 567 10 48 3 2 I 2.4 5 2 0 |» 1 i 2 1 33 42 8 324 
Will make change 13.14 5 1.5 05 210 8 : 5 5 2 9 2 6 6 3 5 1 2 5 6 9 137 548 
Other written in responses 0006 020 3 00 C€ |] 1 2 1] 2 4 1) O0 0 1 $52 0 | 26 1.04 





to make changes on certain kinds of decisioas, but 
not to make changes on other decisions. For exam- 
ple, a farmer might be willing to cFange the timing 
of both planting and tillage and harvesting оргга- 
tions but be reluctant to make decisions cealing 
with capital investment such as for machinery or 
crop storage. 

From the frequency counts contained in takle 3, a 
correlation matrix was developed. The simple cor- 
relation coefficient between each pair of evalaation 
questions provided a measure of the extent to 
which each pair of questions was linked. Factor 
analysis is also useful in identifying major scurces 
of variation in a data set, and was used here to 
supplement and verify the correlation analysis re- 
sults. Four factors were found to summarize over 
2096 of the variation in the data set, and factor 
scores using a varimax rotation grouped the ques- 
tionnaire respoases into four distinct categories: (a) 
those dealing vith corn and soybean acreage: and 
crop storage decisions (factor 2), (b) those dealiag 
with double-cropping and storage-duilding deci- 
sions (factor 3), (c) those dealing with corn silage 
planting decisions (factor 4), and (d) all other deci- 
sions (factor 1). Farmers tended to behave similarly 
vithin each category of decisions. 

Table 4 summarizes results obtained from the 


initial questionnaire in relation to the follow-up 
questionnaire. Hence, the extent to which farmers' 
ntentions become realizations is assessed. 

Nearly all of the farmers who indicated that they 
"wculd not make a change did not make a change. Of 
these that indicated they would make a change, 
most did not make the entire change suggested, but 
гаілег made a partial change. This was particularly 
tru» with respect to corn and soybean acreages. A 
relatively large number who indicated a willingness 
t» make a change did not follow through. This was 
particularly true for decisions dealing with labor 
aad timing of planting, tillage, and harvesting oper- 
acions (questions д, i, j, l, m, o, q, к, s, t, w, and x). 
Eowever, a number of farmers who indicated that 
they would not make a change with respect to these 
decisions on the initial survey subsequently made a 
partial change. 

Correlation and factor analysis were again used 
to identify four categories of decisions: (a) those 
dealing with labor availability and timing of planting 
and harvest decisions (factor 1), (b) those dealing 
wih corn and soybean acreage decisions (factor 2), 
(с. those dealing with corn silage (factor 3), and (d) 
all other decisions (factor 4). Each of these catego- 
ries was linked in that farmers’ decisions with re- 
spect to changes were similar within each category. 


Table 4. Frequency of Response to Ini-ial and Follow-up Questionnaire, One Year after 











Workshop 

Response to change suggested Question 

by model (initial and afer 

one year) abc d e f g h i j k | n no p q r s t u v w x y Sum Mean 
none or incomplete $4^7$3:5, r9 БЕКУ. Эк 05 D$ 16-5 5.5 5 5 5 5 S 5. 6 S 5 5 127 5.08 
no and did not 3 39 8 H 16 7 ! 9 7 :09 1. 13 8 14 8 14 16 12 16 9 12 12 6 257 1028 
no and partial 001 0 0 07 101 8.4 2 24 16 1 0 2 10 | 3 | 48 1.92 
no and did 1 123 0 1 00 02 . 1 1. € 01 01 0 1 1 00 2 1 3 20 0.80 
no and does not apply 0 13 12 1) $51 0 1 00 C 40 10 1 0 0 39 1| O0 I 45 1.80 
undecided and did not 322 0 3 01 1!» t* OF £ 10 109 0 1 д 00 0 1 3 23 0.92 
undzcided and partial 4 30 0.0 01 00: 9000 01 00 00000 0 0 0 9 0.36 
undecided and yes 000.0000 OO fF 10.0 002000000000 3 0.12 
undscided and does not apply 0 0 C о 0 00 00€ 30 0 00 0000000000 0 0.00 
yes and did not | 2. 9 2 071 2 «6 12 3 Lt 4 03.2 2.5 00 2 3 4 46 1.84 
yes and partial 8 83 0 1 03 12 1 0202 1 02 13 2 0 1) 0 § 2 02 44 1.76 
yes and did 110 1 2 00 533 01 ]) 0] 10 1 00 00 21 «21 1 24 0.96 
yes and does not apply 0000000000000 00 00 0 1 1! 1] 1 00 0 4 0.16 
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The follow-up questionnaire requested that each 
farmer estimate by how much the workshop experi- 
ence increased farm profits. Table 5 summarizes the 
results. Findings were somewhat bimodal. Seven 
farmers indicated that they did not know how to 
estimate the increase in profits attributable to the 
workshop. Eight farmers felt that the workshop 
experience did not increase farm profits. Those who 
indicated a dollar figure placed their estimates at 
$100 to $16,000. Nine of the participants who pro- 
vided estimates indicated that profits were in- 
creased the following year by less than the total 
direct costs of the workshop to them of $252. How- 
ever, four farmers estimated profits to be increased 
by $10,000 or more. 


Conclusions 


Farmer decision making is impacted by exposure to 
a large-scale, computerized, planning model. How- 
ever, the extent to which decisions are impacted by 
the model depends greatly on the nature of the 
specific decision being considered and the farmer's 
particular operation. Farmers were willing to make 
changes in decisions relating to crop acreages upon 
exposure to model information. They were much 
less willing to make changes relating to machinery 
purchases, labor utilization, and land rental. These 
decisions are often more difficult to implement than 
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decisions dealing with changes in crop acreages. 
Moreover, farmers may not maximize profits, but 
rather satisfy a subjective desire for a new piece of 
machinery. The model usually found acreages to be 
suboptimally allocated. For other decisions the 
model often indicated that a change was not nec- 
essary. Hence, farmers were properly following the 
advice of the model by not making a change. 

A second conclusion is that farmers’ intentions 
often do not develop into realizations. In many 
instances, intended changes were not realized by 
the end of the production period. Even though 
farmers planned to make a specific change in their 
operation as a result of the workshop, these 
changes were often only partially implemented, or 
not implemented at all. In a few cases, farmers 
planned a no-change decision but then implemented 
a change during the cropping season. 

The scope of the evaluation was somewhat nar- 
row. In evaluating the results of the workshop, 
direct changes in certain decisions were observed, 
such as changes in acreages and the size of ma- 
chinery. However, one of the major impacts on 
farmers may not be these direct changes that were 
observed, but rather the total impact of the model 
on making the farmer better aware of the strengths 
and problems associated with the business. This 
greater awareness of the business could lead to 
long-term adjustments not evaluated. Another ben- 
efit not evaluated is the fact that farmers were able 


Table 5. Farmers Estimates of the Increase in Farm Profits for the KASH PROFITS Workshop, 


Follow-Up Questionnaire 





Farmers Estimates of Value 


No way to determine or did 
not respond to question 


Did not increase farm profits 


Increased farm profits by ($): 

100 

500 
2,000 
3,000 
5,000 
6,000 
10,000 
16,000 


Estimates of cost per farm: 
Registration fee (includes cost of: 
Computer time 
Keypunch operator salary 
Clerical assistant salary 
for checking input forms 
Banquet cost) 


Professional faculty time per farmer 
(6 hours @ $12 per hour) 


Food and lodging costs 


Total costs per farmer 


Ratio of Increase 
in Farm Profits/Cost 


No. of Farmers of Workshop 
7 К, 
8 0 
1 ‚3967 
2 1.984 
1 7.936 
1 11.905 
1 19.841 
1 23.810 
3 39.683 
1 63.492 
$100 
(40) 
(20) 
(15) 
(25) 
$72 
580 
$252 
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to get away from their business for a few days tc 
study the interaction of its parts. A number of farm- 
ers commented on this. This conclus:on is in 
agreement with Stone and Erickson’s arguments 
that providing a basic understanding of interactions 
within a business is one of the more important ben- 
efits of working with computerized decision mod- 
els. 

Finally, the perceived value of the workshop var- 
ied greatly among farmers. The evaluation one year 
after the workshop found farmers rather divided 
into two groups—those who felt -he workshop was 
worth very little and those who felt the vorkshop 
was worth a great deal of money Further research 
is needed to verify findings in this analysis with 
respect to ће extent to which computer models 
impact farmer decision making. A length of time 
between surveys greater than a year may be neces- 
sery to detezmine if farmers will make changes with 
respect to 3ecisions such as lanc purchasss. 


[Receivea September 1979; revision accepted 
September 1980. 
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The Inverse Relationship between Productivity and Farm 
Size: A Test Using Regional Data from India 


Anil В. Deolalikar 


The farm size-productivity debate for India needs 
little introduction; it has occupied a prominent posi- 
tion in the agricultural economics literature since 
1962, when Sen observed that Indian farm man- 
agement data revealed an inverse relationship be- 
tween farm size and yields per acre. Since then, no 
fewer than twenty journal papers have appeared on 
this subject (Sen 1975). 

The objective of this paper is to test two hypothe- 
ses that were either not given enough attention or 
left unresolved in the debate. The first is that the 
inverse relationship is valid for all of Indian agricul- 
ture; it is not merely a phenomenon observed in a 
few sample villages. This means a test of the hy- 
pothesis that the small farm sector as a whole is 
more productive than the large farm sector in In- 
dian agriculture. The second hypothesis is that the 
inverse relationship is true only of a traditional ag- 
riculture, and that it breaks down with technical 
progress. 

A methodology is developed below which uses 
cross-sectional regional data to test the two hy- 
potheses simultaneously. On applying this method- 
ology to Indian district-level data (272 districts) for 
1970-71, it is found that the hypothesis of the small 
farm sector being more productive than the large 
farm sector cannot be rejected at low levels of ag-. 
ricultural technology, but can be rejected at higher 
levels. This suggests that the inverse relationship 
between yields and farm size, although valid for a 
traditional agriculture, cannot be assumed to exist 
in an agriculture experiencing technical change. 


Previous Studies 


A shortcoming of previous investigations into the 
inverse relationship was that they were based on 
microdata, collected in most cases-by the Indian 
Farm Management Studies (FMS). Consequently, 
not much could be said about the relationship out- 
side these sample districts. Indeed, data from non- 


Anil B. Deolalikar is a research fellow at the Economic Growth 
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FMS districts did not always bear out the inverse 
relationship. Using farm-level data from villages in 
Punjab, Haryana, and Uttar Pradesh, both Rudra 
and Rao (1967) could not detect any inverse rela- 
tionship between farm size and yields. Saini, too, 
failed to find evidence of an inverse relationship in 
seven out of a total of twenty-five of his sample 
villages. 

The inverse relationship thus has been far from 
an established fact: there always has been some 
controversy regarding its validity for all of Indian 
agriculture. None of the previous studies were able 
to answer satisfactorily the question: Is the small 
farm sector as a whole more productive (in the 
sense of having greater yields per acre) than the 
large farm sector? One reason for this inability was 
the use of a model which could use only microlevel 
data for the testing of the hypothesis. Typically, the 
model used by researchers was 


(1) Y, =at bX; + ĉis 


where Y, is output or output per acre on farm i or 
group of farms i, X, is size (in acres) of the farm or 
group of farms, and e; is error term having zero 
mean, uniform variance, and no correlation with X;. 
An estimated b coefficient less than unity (if Y is 
output) or negative (if Y is output per acre) then 
confirmed the inverse relationship. 

Because X in equation (1) is expressed in abso- 
lute terms, the sample used in testing the hypothe- 
Sis cannot extend beyond a fairly homogenous 
group of farms. For, obviously, a farm size of 10 
acres does not mean the same thing in an arid region 
like Rajasthan as it does in an irrigated area like 
West Bengal. In the latter, it can be classified as a 
large farm size, but, in the former, it is clearly 
small. Farm size is thus a relative concept, and its 
measurement in absolute terms can be quite mis- 
leading, especially in a large and heterogenous 
sample. 

Another issue that has not received much atten- 
tion in the literature is that of technical progress in 
agriculture. A majority of the studies on the inverse 
relationship used data collected in the 1950s— 
almost a deczde before the advent of the Green 
Revolution. This obviated the need for discussing 
the differential impact of technical progress on the 
productivities of small and large farms. The few 
studies that did use post-Green Revolution data 
arrived at ambiguous results. Bhattacharya and 
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Saini found. for instance, that the inverse relation- 
ship had changed after the Green Revolutian in one 
district of the Punjab but had remained unchanged 
in another district. Using sample data for 1969-70 
from West Godavari district, Rao (1975) found a 
positive relationship between output per zcre and 
farm size. Bardhan confirmed the inverse -elation- 
ship for Thanjavur district of Tamil Nadu but re- 
jected it for Ferozepur district of Punjab. There is 
some theoretical basis for expecting the inverse 
relationship to be weakened, or even replaced by a 
positive relationship between yields and farm size, 
with technical change, but relatively few studies 
have systematically developed and tested this ar- 
gument. This is discussed more fuily in the next 
section. 


Some Hypotheses 


A priori there are several reasons for ezpecting 
small farms to have greater yields than large farms. 
For the sake of brevity, we discuss only the reason 
most commonly accepted by researchers in the 
field. First offered by Sen, the ergument runs as 
follows: an imperfect labor market in a dual agricul- 
tural economy produces different shadow prices for 
labor to the small subsistence farmer, who uses his 
own labor on the farm, and the 'arge corrinercial 
farmer, who relies mainly on hired labor. The im- 
puted price of labor to the former is lower than that 
to the latter. resulting in a more mtensive applica- 
tion of labor and complementary inputs on the small 
farm. This naturally raises the yields per acr2 on the 
small farm relative to those on the large farm. 

Although the neat division between peasant and 
capitalist farming assumed by the above argument 
is somewhat exaggerated, there is some basis for 
the argument. Data have consistently shown that 
small farmers use more labor pez acre than large 
farms (Bharadwaj). This must mean a lower valua- 
tion of own labor by the small farmer. 

With technical progress, however, famity "abor 
becomes less important in determining land »roduc- 
tivity,! while other current inputs like fertilizer be- 
come much more important.? Since the laiter are 
factors whose use depends largely on cash and 
credit flows, large farmers—-who hæve greate- access 
to both—end up using more of these inputs than 
small farmers. The earlier adop-ion of the new 
technology by large farmers is a well-documented 
fact (Frankel, Griffin, Rao 1975)—one that ~educes 
or even reverses the yield-advantage of smzll farm- 
ers. 


! The share of labor in total output has been observed to decline 
with technical change, both by studies using cost-accourting data 
(Rao 1975) and by those fitting production functions (Chinn). 

? Using a Taiwan sample, Chinn has estimated produc ion elas- 
ticities of 0.185 and 0.226 for fertilizer for the periods 1960-62 
(pre-Green Revolution) and 1970—72 (post-Green Revolution), re- 
spectively. 
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There is evidence to suggest that the Green Revo- 
lution has removed the yield superiority of small 
farms. Using 1958-60 data from West Godavari dis- 
trict, Rao (1975) found inverse relationships be- 
tween output per acre, labor use per acre, and fer- 
tilizer use per acre on the one hand and farm size on 
the other hand. Using a 1969-70 sample from the 
same district, however, he obtained an inverse rela- 
tiorship only between labor use per acre and farm 
size Output per acre and fertilizer use per acre 
were both positively related to farm size. This 
seers to suggest that large farms enjoy higher pro- 
ductivity than small farms in the post-Green Revo- 
luticn period primarily because of their more inten- 
sive use of fertilizer and other modern inputs. 


The Model 


We start with the definition of average productivity 
in a district as the weighted sum of productivities of 
each size class of farms in the district, with the 
weights being the share of total land area cultivated 
by г size class. Since the land shares of all the size 
classes sum to unity, average district productivity 
can be written as 


(2) Y= Ss, Yi t HY, +. 


+ ( == > А 


3 


ee E Sn—-1Yn-1 


where Y is average district productivity, s; is share 
of total area operated by the jth size class of farms, 
and Y, is productivity of the jth size class. Expand- 
ing the parenthetical term and rearranging all the 
terms, gives us 


(3) F= sY, - Ү,) + 5(Y - Y) +... 


+ Sail Yna — Yn) + Y, 


Now, if district-level data on average productiv- 
ity (У) and on the distribution of land across various 
size classes of farms (5; s) are available, equation 
(3) сап be estimated.> The estimating equation 
would be of the form, 


(4 FiS Ү, + (Ү, ~ Yasui + (Yo ~ Va)sa +... 
T (Yi Ба Y,)Sp—14 tu, 


wheze i stands for the district and v is a disturbance 
term which has zero mean, uniform variance, and 
whic. is uncorrelated with the independent vari- 
ables. It will be noticed immediately that the pa- 
rameters of equation (4) are none other than the 
productivities of different size classes of farms. 
One problem with equation (4) in its present form 
is that, since the productivities enter the equation 
as coefficients, the productivity of a size class is 
assured to be identical for all the districts in the 


? The equation can be estimated only under the assumption of 
an i.i.d. error term. The addition of an error term to an identity 
such zs that in equation (3) is difficult to justify on theoretical 
grounzs, but is needed as an empirical expedient. 
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sample. This assumption is too restrictive, espe- 
cially when dealing with an all-India sample of dis- 
tricts. However, if the productivity coefficients 
themselves are expressed as functions of some 
other variable, we can have the productivity of the 
same size class varying from district to district. In 
our case, we can let this variable be the level of 
technical change experienced by a district, so that 
the hypothesis of the inverse relationship weaken- 
ing with technical change can also be tested simul- 
taneously. 


The estimating equations are then of the form, 


(5) Y; = Yar + (Yu — Yu)su + (Yor — Yu)soi 
ae F („14 = Үм)5һ—14 + Ui, 
(6) Yu a, + b, 


where k = 1,2, . . . , n, and J, is the variable 
inducing a continuous shift in the productivities of 
each size class of farms. Equations (5) and (6) 
collapse into a single equation, estimable by ordi- 
nary least squares: 


(0) Yi a, + bali + (a; — as)su + (bi — Б) 
+ (as — Gy)Sq + (ba — b,)ssdi +... 
+ (an-ı = Qn) Sn—1i + (bui = by) Sn—1ili T Ui. 


Once equation (7) is estimated and the a and b 
coefficients obtained, we can apply the formula in 
equation (6) to get the technology-specific pro- 
ductivities of each size class of farms. 


Application 


Data for 272 districts have been used to estimate 
equation (7).* The data are for the agricultural year 
1970—71, except in the case of average district pro- 
ductivity per hectare, which is averaged over three 
years (1969—70, 1970—71, and 1971—72) to eliminate 


4 The data have been compiled from a number of aggregate data 
sources, including the various state reports of the Agricultural 
Census of India 1970-71 (for data on the size distribution of 
holdings), a joint Nehru University-Planning Commission study 
entitled Foodgrains Growth: A Districtwise Study (for data on 
average district productivities), and Fertilizer Statistics 1972 (for 
data on fertilizer use). 
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short-term fluctuations arising because of abnormal 
weather. In calculating district output, constant 
all-India prices have been used to value each crop. 

The variables used in the analysis are defined, 
and their means and standard deviations reported, 
in table 1. Two things will be noticed from this 
table: first, size classes have been defined in terms 
of size quintiles of farms. This circumvents the 
problem of comparability of acre- or hectare-de- 
fined farm sizes across heterogenous regions, and 
allows us to define categories that transcend re- 
gional boundaries. 

Second, average fertilizer application per hectare 
has been used as a proxy for technical change in 
agriculture. This is because chemical fertilizers, 
along with the high-yielding varieties (HY Vs) of 
seeds, have been mainly responsible for the vast 
increases in yields that have come to be known as 
the Green Revolution. Because of the very high 
degree of complementarity between HYV seeds, 
fertilizers, and irrigation, any one, rather than a 
composite index of all, of these factors can be used 
as a proxy for technical progress. 

The OLS regression results are reported in table 
2. Using the formula in equation (6), predicted 
group- and technology-specific productivities have 
been computed from the raw regression coef- 
ficients. These are shown in table 3. Additionally, 
tests of significance on linear combinations of the 
estimated coefficients have been performed to test 
hypotheses of no difference between the productiv- 
ities of various groups of farms operating at the 
same level of technology. The results of these tests 
are also reported in table 3. 

The results tend to confirm the two hypotheses 
mentioned earlier. At the level of technology rep- 
resented by no fertilizer use (shown in the first row 
of table 3), the smallest two quintiles of farms have 
significantly higher yields per hectare than the me- 
dium and the large farms. On the other hand, at 
higher levels of technology (shown in the lower 
rows of table 3), the large farm sector is sig- 
nificantly more productive than the medium farm 
sector, which in turn is significantly more produc- 
tive than the small farm sector. Not surprisingly, 
each size-group of farms shows greater yields per 


Table 1. Variable Dictionary and Sample Means, Indian Districts, 1970—71 
Variables Definition Mean Standard Deviation 
OUTPGH Gross value of output (of 22 major crops valued at 

constant prices) per hectare of cropped area 1,005.99 491.73 
SHARE}2 Share of smallest two quintiles of farms in total 

cultivated area 6.095 0.039 
SHARE34 Share of third and fourth quintiles of farms in total 

cultivated area 0.330 0.059 
SHARES Share of largest quintile of farms in total cultivated area 0.575 0.077 
FERTPGH Per-hectare application of all chemical fertilizers (in 

kilograms) 18.6 21.4 
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Table 2. OLS Regression Coefficients, Indian Districts, 1970—71 Dependent. Variable: OUTPGH 








Independent . Parameter Standard D wx 
Variable Estimate Error T-Ratio ` Prob > |7| 
INTERCEPT 872.302 208.236 - 4.189 0.0001 
SHARE12 27.925 7.084 3.942 0.0001 
SHAREI2!FERTPGH —2.046 0.381 —5.375 0.0001 
SHARE34 — 12.007 5.817 —2.064 0.0400 
SHARE34*FERTPGH —0.095 0.146 —0.647 0.5180 
FERTPGH 36.229 6.610 5.481 0.0001 
К? 0.437 

Е Ratio 41.35 0.0001 
df 266 





NOTE: All vaziables have been defined in table 1. 


hectare at higher levels of agricultural technology 
than at lower levels, confirming the expectetian that 
technical change in agriculture dramatically in- 
creases the productivity of land. The fact that the 
productivitv of the large farm sector increases by a 
wider margin than that of the small farm sector 
suggests that the gains of technological change ac- 
crue disproportionately to the former. 


Conclusion 


In this paper, regional data from India heve been 
used to test the hypotheses that (a) the small farm 
sector as a whole enjoys higher yields pe- unit of 
land than the large farm sector in Indian agriculture, 
but (b) this yield-advantage of the small farn sector 
diminishes, and in fact even reverses, with techni- 
cal change (primarily of the Green Revolution type) 
in agriculture. The data seem to confirm »oth the 
hypotheses. 

Unfortunately, the data cannot be used tc explain 


the change in the relative yields of the small farm 
sector with technical progress. Оп the basis of prior 
judgment and results from other studies, it seems 
that the explanation lies in the reduced importance 
of labor (which is possessed in abundance by the 
small farms) and the increased importance of cash 
inputs like fertilizer and improved seeds (which 
being credit-intensive cannot be afforded by the 
small farms) in determining land productivity in the 
post-Green Revolution period. 

The policy implications of these findings are ob- 
vious. The argument that a redistribution of land 
from the large to the small farms will increase aver- 
age yields and hence agricultural output cannot be 
extended to an agriculture experiencing technical 
change. Instead, policies which allow small farms 
to obtain credit easily and thus use the new agricul- 
tural technology should be stressed for productivity 
growth. 


[Received July 1980; revision accepted October 
1980.] 


Table 3. Predicted Technology-Specific Productivities of Different Size Groups of Farms, Indian 


Districts, 1070 —71 





Predicted Productivities (Rupees per 
gross cropped hectare) 








Level of Teck nology 
(Kgs./hectare of 


Largest 2095 








fertilizer used in Smallest 40% Next 40% 

the district) of ferms of farms of farms 
0 ` €00*s 860* 87215 
10 1,242* 1,222* 1,235 
20 1,£84 1,583* 1,597t 
30 1,26" 1,944* 1,9591 
40 2,268" 2,306* 2,321t 
50 2,€09* 2,667* 2,6841 





^ Asterisk denotes significantly different at the 0.10 level from the productivity of the next size class of farms. | 
> Dagger denotes significantly different at tie 0.10 level fom the productivity of the smallest 40% of farms. Predicted productivities have, 


been calculated using the regression coefficients showa in table 2 and equation (6) in the text. 
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International Farm Prices and the Social Cost of 
Cheap Food Policies: Comment 


Yoav Kislev 


The purpose of this note is to show that the prices 
which Peterson computed for his recent paper also 
can be viewed as effective exchange rates. Devia- 
tions from the world relative price system in zg- 
riculture are usually the result of market interven- 
tion, taxes, or subsidies. Such distortions, whether 
they are the result of domestic or of trade policies, 
can be viewed as distortions in effective exchange 
rates. For international comparisons, the exchange 
rate view is, analytically and conceptual y, тоге 
general and convenient. 

Peterson's wheat equivalent price, p; for the 
commodity i, is defined as 


(1) Bi = pil Рь/ри» 


where p, is the local currency farm price of the 
commodity :; p, and р„ are, respectively, the world 
dollar price of the commodity and wheat. The 
prices f, are expressed in local currencies and cal- 
culated for each commodity in every country (the 
country index is omitted here). 

The aggregate overall average output price fcr 
each country is 


(2) Р = Уру, 


where the weights аге w; = (2:4) / (5р), with с: 
being the quantity of commodity i. 
Equation (2) can be rewritten as 


(2') P = Pwd (pi/PiWir 
= JE 


The dimension of E is local currency per dollar. 


The author is a senior lecturer in economics, Hebrew University, 
Rehovot, Israel. This commen: was written while he was a visiting 
professor in the Department of Agricultural and Applied Econom- 
ics, University cf Minnesota. 

Work on this note was partly supported by a grant from the 
U.S.-Israel (Binational) Agricultural Research and Devzlopmen: 
Fund. 


Thus, it is the effective farm product exchange rate. 
E is the value in local currency of the quantity of a 
composite bundle of domestic farm products that 
will fetch one dollar on world markets. 

Peterson defined the real price as P/p,—output 
price divided by the country’s local price of fertiliz- 
ers. Comparing countries, we are interested in price 
differences or ratios of real prices. In such ratios, 
‘world prices cancel out, and we can write the real 
prices as 


(3) R= Gy Pu) P/ py). 

= p Ër, 

Ps 

where р, is the world dollar price of fertilizers. If 
опе views, with Peterson, cross-country differ- 
ences in fertilizer prices as representing differ- 
ences in the average price of production factors, 
then р/р; is the effective exchange rate in the farm 
input market. 

In equation (3), R explicitly reflects the agricul- 
tural exchange rate. Differences between countries 
in their R values are due to effective exchange rate 
distortions in the product and in the factor markets. 
Therefore, Peterson’s supply equation can be inter- 
preted more generally as a response function to 
effective exchange rate distortions. These distor- 
tions reflect market interventions stemming from 
both domestic and trade policies. 


(Received September 1980; revision accepted 
January 1981.] 
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The Vaiue of Unrealized Farm Land Capita! Gains: 


Comment 


Ross С. Drynan and Ian D. Hodge 


Plaxico and Kletke (PK) presented three alterna- 
tive models for valuing farmland capital gains. 
Their first model assessed the present value of an- 
ticipated capital gains, assuming that they have 
value only when the asset is sold. Their second 
model viewed the value of unrealized capital gains 
as equivalent to a tax-deferred income stream with 
the tax being paid at capital gains rates either when 
the property is sold or at the end of the planning 
horizon. Their third model assessed the value of the 
capital gains as an equity base for further credit. 

Dunford has criticized PK's formulations, espe- 
cially their second model. However, his alternative 
model perpetuates several errors made by PK. 
Other errors made by PK led them to an important 
conclusion about tax rate effects, which conflicts 
with conventional wisdom. In this comment we 
correct the models for these errors and offer some 
further thoughts on the assessment of the value of 
farmland capital gains. 

Dunford correctly comments that, ‘‘because the 
capital gains on the farmland are not actually 
realized until year n, it is necessary to borrow for 
additional investments.’’ The value of unrealized 
capital gains will depend on how the increased 
equity base is used in borrowing more funds and 
how the borrowed funds are invested. There are 
two possibilities. One is that each year's capital 
gain is used as a basis for a one-year investment. 
Second, the gain can be the basis of an investment 
lasting for the whole planning horizon. The latter is 
equivalent to using the total accumulated value of 
capital gains each year as an equity base for an 
investment lasting one year. These two possibilities 
conform to Dunford's equations (2’) and (3), re- 
spectively, equation (3) being identical to PK's 
third model. Since the first of these alternatives 
appears distinctly inferior, we concentrate on the 
latter. 

What these authors have failed to note is that it is 
only possible to use an unrealized capital gain as an 
equity base for an investment in periods after the 
gain occurs. All the models suggested by PK and 
Dunford for valuing unrealized capital gains imply 
that the farmland owner can borrow at the start of 
each year against the expected capital gain in that 
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year. This is clearly not tenable and leads to an 
overestimation of the gains of about 596. 

PK err further in the way in which they include 
tax and inflation in their models. The present value 
of any future cash sum can be calculated either by 
discounting the nominal sum with a nominal dis- 
count rate to year 0, or by discounting the real 
value, measured in year 0 dollars, of the cash sum 
by the real discount rate. Both methods necessarily 
lead to the same present value. For example, a 
future sum 5,, when discounted at a nominal rate 
N, has a present value 


PV = S,/(1 Ny. 


With discounting in real terms, the future sum be- 
comes $,/(l + 2)", where Z is the inflation rate. 
The real discount rate R is directly related to the 
nominal rate, and is defined by 


1+R=(1+N)/(1 + 2). 
The present value is 
PV = $„/[(1 + 7)"(1 + Ry]. 


When substitution is made for (1 + R), all factors 
involving Z cancel, producing the nominal analysis 
formula. Inflation may nevertheless still affect the 
present value through any effect it has on the nomi- 
nal discount rate. However, as argued by Dunford, 
it is only if the real discount rate is used in the 
formula that the inflation rate will also appear. 

PK include tax explicitly in their formula, effec- 
tively defining D(1 — T) as an after-tax discount 
rate. With D defined as a real discount rate, this tax 
adjustment is appropriate only if D is a before-tax 
real opportunity cost and if tax is levied on real 
income. When taxes are levied on nominal income, 
as is usual, the real after-tax opportunity cost or 
discount rate R is defined by 


1+R=[1+ N0- TDO + Z). 


When D is not simply the before-tax opportunity 
cost, the effect of tax on the discount rate is unclear 
and unlikely to be the simple proportionate reduc- 
tion assumed. 

It is our contention that PK’s models would best 
be amended by deleting all explicit reference to the 
inflation rate, and by defining D as the nominal 
before-tax opportunity cost. Their third model then 
becomes 
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Table 1. Estimates of the Value of Capital Gein for Plaxico and Kletke’s Models 
Rate of Land Increase 
5% 10% 
Tax Rate 
15% 40% 15% 40% 
Discount Rate . ‘ . 
1296 18% 12% 18% 12% 18% 12% 18% 
10-Year planning horizon 
Model I 22024 14009 25102 18041 55814 35503 63615 45720 
Model III 25286 21187 27899 24692 63231 51723 69997 60833 
20-Year planning horizon f . 
Model I 21921 3869 32926 17007 75940 . 30726 114067 58920 
Model III 30892 24612 41925 34775 100014 71648 138669 106417 





Note: 9% interest rate is assumed. 


= © (Pact FOO —г)(1 — Т) 
„ы шз с 


(P, Py MS Т.) 
[(1-Dü-7p]| ’ 


where all other terms retain the meanings given by 
PK. 

PK arrived at a false conclusion about the effect 
of marginal tax rates on an individual's competitive 
position in the land market. This can be measured 
by the individual's present value of land invest- 
ment. The value of capital gains does not directly 
measure this present value. However, if two indi- 
viduals are equally competitive in the absence of 
capital gains, then, when capital gains do occur, the 
individual with the greater value of capital gains is 
necessarily more competitive. We have no quarrel 
with the assumption of initial equality implcit in 
PK's comparisons. But they have made a critical 
error in their calculation of the present values of 
capital gains with high tax rates. They have, in fact, 
failed to adjust their discount rate fo: the higher tax 
rate (40%). PK's reported calculations show = con- 
sistent pattern of lower values for this higher mar- 
ginal tax rate, suggesting the low rate individual 
is advantaged by capital gains, a result which 
zonflicts with conventional wisdom about this mat- 
zer. However, when corrected, the values zre in 
Tact consistently higher than those for the jower 
(159€) marginal tax rate, implying a competitive 
advantage for the individual with the higher margi- 
nal tax rate. We report the corrected values of 
capital gains in table 1. 


i=2 


+ 


PK add a further source of confusion in their note 
to table 2, where they indicate that they have incor- 
porated ‘‘two inflation rates.’’ This conflicts with 
their earlier comment that ‘ће impact of inflation 
is ignored” (p. 328). The two inflation rates pre- 
sumably refer to the two rates of land price increase 
which they have used. 

A number of other issues arise out of PK’s paper 
and Dunford's comment. Is it sensible to isolate and 
separately value the capital gains component from 
other components of land investment? What are 
reasonable ceteris paribus conditions for valuing 
capital gains? Is it, for example, reasonable to as- 
sume that the rent earned by land is independent of 
capital gains? Can the discount rate and the initial 
price P, be assumed to be unaffected by capital 
gains? If not, the valuation models presented so far 
will need considerably more development. These 
tre complicated issues deserving greater attention 
than they have received so far. 


[Received March 1980; revision accepted 
September 1980.] 
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The Value of Unrealized Farm Land Capital Gains: 


Reply 
James S. Plaxico and Darrel D. Kletke 


The major thrust of our original paper was an explo- 
ration of alternative approaches to the evaluation of 
unrealized farm land capital gains (1979). Drynan 
and Hodge (DH) raise several important questions 
regarding the formulation of our Model III and 
point out an error in some of the computations. 
Unfortunately, DH, like Dunford, did not properly 
identify the essential difference in the conceptual 
bases of our Models II and III. Thus, DH do not 
comment on the central ideas of our paper. Our 
Model II is, in effect, a wealth approach to value, 
while our Model ПІ is an income approach to value. 
This distinction is emphasized in our response to 
the Dunford comment (1980). 

Our models are discrete on an annual basis. DH 
correctly point out a model error which allows capi- 
tal gains to be utilized in the year of occurrence. 
However, gains are continuous, and although we 
overstate benefits, the error is not as significant as 
implied by DH. 


Tax Adjustments 


Our discount rate (D) is in real, not nominal, terms 
and is the opportunity cost of capital to the individ- 
ual (firm) for assets that are comparable in terms of 
risk and uncertainty. D is a required internal rate of 
return (RIRR) specified by the investor and should 
not be confused with the average rate of return 
experienced by landowners. DH correctly point out 
that taxes are levied on nominal, not real, income. 
However, in our models, all tax payment adjust- 
ments are made in the income (value) stream com- 
ponents. That is, we tax adjust a flow of nominal 
income (value). We tax adjust D in the denominator 
only to obtain an after-tax, real discount rate 
(RIRR). We, in turn, convert this to a nominal rate 
to discount a nominal stream of benefits.” 

Upon reflection, precipitated by DH comments, 
we conclude that D shou!d be defined in after-tax 
terms in lieu of tax adjusting a pre-tax D. This 
would permit direct comparison of the impact of the 
tax rate for a given real after-tax discount rate. 
Models are constructed to reflect (simulate) per- 
ceived reality. We suspect that investors think in 
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terms of a real after-tax RIRR, not in terms of a 
before-tax RIRR. If this is in fact the case, it is not 
correct to interpret the results in our table 2, nor 
those in DH table 1, as a proper reflection of the 
impact of the tax rate for a given discount rate. This 
is the case because both data sets reflect the impli- 
cations of the tax rate given the same pre-tax, not 
after-tax, discount rate. 


Capital Gain Values, Tax Rates, and Inflation 


The impact of the marginal tax rate for present 
values and bidding potentials is clearly an important 
issue. Harris and Nehring examined the impact of 
the marginal tax rate on the bidding potential of 
prospective buyers. Their conclusion, as sum- 
marized by Adams (р. 540) is: ‘*. . . note that their 
present value formula implies that individual valua- 
tions decrease as the marginal income tax rate rises 
and high income persons ceteris paribus bid less for 
farmland than do persons in lower tax brackets” (p. 
540). 

Adams showed that for an infinite planning hori- 
zon, the value of an income stream is independent 
of the tax rate, while for a finite period, a higher tax 
rate results in a lower bid or value. Adams did not 
consider the impact of tax rate on the value of 
capital gains. Lee and Rask (table 2), using a model 
similar to our Model I, report results which com- 
pare the impact of the marginal tax rate on bidding 
potential. Their results suggest a higher bidding po- 
tential for a zero marginal tax situation than for a 
40% rate as well as a higher.bidding potential for a 
zero capital gain rate than for a 25% rate. Ling has 
further examined the Harris and Nehring model and 
has suggested that the net effect of the marginal tax 
rate is uncertain, lacking information regarding the 
prospective buyers utility function. Finally, Ling 
(p. 846) concludes that the effects of a change in the 
marginal tax rate on farmland bid prices is far more 
complex than Adams has asserted. 

Our model is deterministic, and a simple assump- 
tion that utility is a direct function of present values 
is implicit. DH are correct in stating that we made a 
clerical error in computing our table 2 by failing to 
adjust the discount rate for the higher (40%) tax 
bracket assumption. That is, we adjusted all rates 
for a 15% tax rate. This led to the conclusion that, 
other things equal, higher capital gain values are 
associated with lower income tax rates. The DH 
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computed numbers show the opposite. We have 
recomputed our table 2, defining D as a real after- 
tax rate. Again, other things equal, higher capital 
gains values are associated with lower tax rates. 
Thus, it seems appropriate to conclude that (a) for 
equal after-tax discount rates, other things equal, 
higher capital gains values are associated with 
lower tax rates, (b) for equal beZore-tax discount 
rates, other things equal, higher capital gains values 
are associated with higher tax rates. It is our con- 
clusion that the appropriate analys:s is the impact cf 
the tax rate given equal after-tax discount rates. 
DH contend that our models cculd be improved 
by deleting explicit reference to zhe inflation rate 
and by defin:ng D in nominal terms. We elected to 
work in terms of real discount rates adjusted for 
inflation in order to examine the implications of 
different discount rates and differeat inflation rates. 


Summary 


In summary, the DH comments caused us to re- 
think our formulations. We sincerely appreciate 
their important contributions. We also are pleased 
to have an opportunity to extend, adjust, and clarify 
our arguments. DH question tke relevance of 
evaluating capital gains in isolation. Much remains 
to be done in the area. However, a modest effort to 
incorporate capital gains models iato a more gen- 
eral land value model is contained in Kletke and 
Plaxico (1978). The model has been presented as a 
time share computer algorithm, giving the user con- 
trol of the relevant variables (Kletke and Plaxico 
1979). Analyses based on the general land-value 
model show that meaningful biddirg potential esti- 
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mates must reflect cash flow constraints including 
possible cash flow deficits. 


[Received December 1980.] 


References 


Adams, Rey D. “The Effects of Income Tax Progressivity 
on Valuations of Income Streams by Individuals.” 
Amer. J. Agr. Econ. 59(1977):538-42. 

Dunford, Richard W. ‘‘The Value of Unrealized Farm 
Land Capital Gains: Comment.” Amer. J. Agr. Econ. 
62(1980):260-62. 

Kletke, Darrel D., and James S. Plaxico. The Farmland 
Investment Analysis: Users Reference Manual. Okla- 
homa State University Agr. Exp. Sta. Res. Rep. 
No. P-782, Feb. 1979. 

. Farmland Investment Value Appraisals and Pur- 
chase Feasibility Analysis. Oklahoma State Univer- 
sity Agr. Exp. Sta. Res. Rep. No. P-776, Oct. 1978. 

Lee, Warren F., and Norman Rask. ‘Inflation and Crop 
Profitability: How Much Can Farmers Pay for 
Land?'' Amer. J. Agr. Econ. 58(1976):984-89. 

Ling, Kwang-Siung C. ''Impact of Farm Size on the Bid- 
ding Potential for Agricultural Land: Comment." 
Amer. J. Agr. Econ. 62(1980):845—-46. 

Plaxico, James S. ‘‘Implications of Divergence in Sources 
of Return in Agriculture." Amer. J. Agr. Econ. 
61(197%): 1098-1102. 

Plaxico, James S., and Darrel D. Kletke. ‘The Value of 
Unrealized Farm Land Capital Gains.” Amer. J. Agr. 
Econ. 61(1979):327-30. 

. '"The Value of Unrealized Farm Land Capital 

Gains: Reply.” Amer. J. Agr. Econ. 62(1980):263-64. 














286 May 1981 


prime rate) return on assets in both food processing 
and in all manufacturing has fallen decidedly over 
the past twenty-five years (table 1A). During the 
past decade, return on assets was below the prime 
rate for both all-manufacturing and food process- 
ing. Further, zhe return on assets in all manufactur- 
ing was consistently above the return on assets in 
food processing. 

The opportunity cost of equity capital is several 
percentage points above the opportunity cost of 
loan capital (Malkiel). However, again for il ustra- 
tive purposes. we will use the prime rate to adjust 
return on equity. The adjusted return on equity in 
food processing declined by around 10% between 
the 1950s and 1970s, but did increase by around 
12% between the 1960s and 1970s (table IB). Cer- 
tainly there was not a real ‘50% increase in etum 
on equity over the past quarter century" (Parker and 
Connor, p. 627). The relatively constant, or mod- 
estly decreasing, return on equity was ob-ained 
with substantially increased risks due to increased 
leverage through time. 

With decreasing real return on assets and con- 
stant, or modestly decreasing, return on equit y, the 
net social costs of profits in the food industry un- 
doubtedly have declined significantly over the past 
thirty years. 

Parker and Connor's choice of the year 1975 as 
che time perioc was fortuitous for their hypothesis. 
>ecause the undeflated profit levels they used were 
among the highest in thirty years. However, real or 
deflated profit levels were among the lowest in 
thirty years. 

In their empirical analysis, Parker and Ccnnor 
apply three different approaches to calculating con- 


Table 1. 
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sumer loss caused by the operation of the U.S. 
food-manufacturing industries. We will look at each 
in turn in terms of underlying assumptions, meth- 
odology, and empirical estimates. 

The loss-components estimates are based on an 
"iffy" and "subjective" method used by Scherer. 
Explicitly assumed is that "a competitive profit rate 
was for an industry with 4096 four-firm concentra- 
лоп, equal market shares among the top four and a 
nedia advertising-to-sales ratio of .05%'’ (Parker 
and Connor, p. 630). All of manufacturing, accord- 
ing to Parker and Connor has a weighted four-firm 
concen:ration ratio (CR-4) of 44%, or 10% above 
the assumed competitive standard of 40%. How- 
ever, food manufacturing's CR-4 is 52%, which is 
20% above the competitive standard, or three times 
the rest of manufacturing. Since Scherer found an 
X-inefficiency loss of 3.1% of value added for all 
manufacturing, Parker and Connor assumed that 
tie X-inefficiency loss in food manufacturing was 
9.376 of valued added (see their table 1, type of loss 
3). 

It is doubtful that X-inefficiency losses increase 
linearly as their method implies when CR-4 for an 
industry increases. For example, applying this 
method to the data for twenty major industry 
g-oups in the original working paper on which the 
Parker and Connor Journal article was based, yields 
X-inefficiency type three losses of 7.3%, a serious 
overestimate compared to Scherer's original 3.1% 
estimate. In addition, their results are highly sensi- 
tive to tne competitive standard they assumed for 
CR-4. If the true value of the competitive CR-4 lay 
w thin plus or minus three percentage points of 
their point estimate, calculated consumer loss from 
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(%) (Undeflated % (Return on Assets 
Return on Assets) Minus the Prime Rate) 
1950-54 2.7 5:9 la 3.2 5.0 
1955—59 3.9 6.2 7.3 2.3 3.4 
1960-64 4.5 5.8 6.4 1.3 1.9 
1965—69 6.0 6.3 7.1 3 11 
1970—74 7.6 6.1 6.2 —1.5 ~1.4 
1275-79 8.6 7.2 7.6 —1.4 -1.0 
B Retum on Equity 
(Undeflated % (Return on Equity 
Return on Equ.ty) Minus the Prime Rate) 
1550—54 2.7 8.9 12.1 6.2 
1955—59 3.9 9.6 11.2 5.7 
1960—64 4.5 9.1 10.0 4.6 
1965—69 6.0 10.9 12.6 4.9 
1970-74 7.6 12.6 11.5 5.0 
1975-79 8.6 14.3 14.3 5.7 
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X-inefficiency could range from $3,200 to $13,414 
million, versus the Parker and Connor estimate of 
$4,480 million. Further, as the competitive CR-4 
approaches 44%, their multiplicand approaches in- 
finity, a grossly different result from the one they 
have arbitrarily chosen (figure 1). 

In the price-cost margin approach to measuring 
consumer loss, price-cost margins (PCMs) are re- 
gressed on a measure of concentration (CR-4) and 
other variables. The authors then use the resulting 
equation to predict what PCM would be for each 
industry at their assumed competitive level of con- 
centration, CR-4 = 40%, and with all other vari- 
ables held constant. The differences: between the 
actual PCM and this projection is then considered 
the consumer overcharge. 

The authors in fact present three alternative equa- 
tions based on the original Collins-Preston model 
and claim to derive reassurance from the closeness 
of the results, For the first two equations which 
included a quadratic term for CR, it was possible 
to estimate that level of CR-4 which would mini- 
mize PCM. For equation (1) it was 19.6%; for equa- 
tion (2) it was 195.4% (clearly a nonsensical result). 
Even in equation (1), only the squared CR-4 term 
was significant at the 5% level. When we checked 
the sensitivity of the results to errors in estimates of 
the coefficients we found that if the true value of the 
coefficients of the CR-4 variable lay within plus or 
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Figure 1. Estimated ratio of excess concentra- 
tion in food manufacturing to excess concentra- 
tion in all-manufacturing, using Parker and 
Connor method for different assumed levels of 
competitive CR-4 
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minus one standard error of the reported point es- 
timates, then the true value of the lowest PCM 
could occur for a range of CR-4 from 4.7% to 
46.395. Thus the findings appear not to be robust. 

Equation (3) had no nonlinear term for CR-4, but 
the inclusion of linear and nonlinear variables for 
advertising as a percentage of sales of the four 
largest firms in each industry (ADS-4) enables us to 
estimate that PCM is maximized when ADS-4 
equals 1196, twenty-two times the competitive 
value of ADS-4 used by Parker and Connor in es- 
timating overcharges. Thus the arbitrary competi- 
tive value of ADS-4 assumed by Parker and Connor 
appears low. Only six of forty-one industries ex- 
ceeded half that maximizing level in 1975, and only 
fourteen exceeded one quarter that level. Thus we 
are left with a paradox—if advertising is the key to 
monopoly profits, why do not food manufacturers 
spend proportionately more on advertising? 

Parker and Connor apply sensitivity analysis to 
the choice of the competitive level of CR-4 in their 
PCM analysis, but not the variation of other esti- 
mated coefficients which would have proved more 
susceptible to small changes in value. 

Parker and Connor's third approach to measuring 
consumer loss, which they call their "National 
Brand— Private Label Price Difference Estimate,” 
assumes that private label merchandise is identical 
in quality to manufacturer brand merchandise. 
"Prices of food-chain private labels are considered 
to approximate competitive prices; the amounts by 
which manufacturer brand prices exceed private 
label prices for the same items and which can be 
attributed to departures from perfect competition 
are considered to be estimates of monopoly over- 
charges" (p. 633). As iustification for this ap- 
proach, Parker and Connor assume "''that national 
brands sell at premiums which manufactures set in 
accordance with the strength of preference created 
by advertising and other promotion" (p. 634). 

The authors ignore the large body of literature on 
quality competition per se (for a starting point, see 
Abbott). They ignore the problems of interpretation 
of physical quality measures. For example, Jafri 
and Lifferth's 1977 study found an average viscos- 
ity of national brand canned applesauce in terms of 
centimeters of flow per unit of time of 4.6917 versus 
5.4167 for private brands. But this begs the question 
whether the highest quality would be represented 
by a viscosity measure above, below, or between 
those levels. Because most products possess a 
number of physical characteristics, the problem of 
determining ''best'' quality or best value for money 
becomes extremely complex, if determinate at all 
except in terms of consumer responses in the mar- 
ket. Finally, the identification of quality in terms of 
physical properties of a product ignores the role of 
consumer perceptions of quality in determining 
purchase and consumption behavior and the more 
fundamental philosophical question whether or not 
products are different because consumers perceive 
them to be different. 
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The set of assumptions put forward by tie au- 
thors is only one, and by no means the most plausi- 
ble, explanation of the relationship between rrivate 
label and manufacturer brand merckandise. For ex- 
ample, Handy and Padberg report that wha: they 
call ‘‘core distributors,” the ten largest retañ food 
chains, dominate both manufacture and sale cf 
private-label products. Core manufacturers, de- 
fined as the 100 largest food processors, dorinate 
the manufacture and sale of specialized consumer 
products. On the other hand, fringe (all othe-) dis- 
tributors not in the core group specialize in more 
effective performance at the retail level, while 
fringe processors ‘‘rely heavily on tne private label 
programs of wholesalers and retailers for market 
outlets" (p. 185). 

These two major foci of power seek conzumer 
attention and patronage in different ways. ''The 
manufacturing oligopoly stresses product derelop- 
ment and is clearly more adept at this function than 
the distribution oligopoly. The latter is atle to 
dominate the terms of trade for standard prcducts 
and merchandise them to the public with an econ- 
omy emphasis through extensive private-labe! pro- 
zrams'' (Handy and Padberg, р. 184). ''Oligopoly 
zore manufacturers tend to work most directly with 
fringe distributors. This combination constitutes a 
channel that emphasizes innovation and progress as 
regards the character of the product and services 
. . . Oligopoly core distributors tend to emptasize 
private label programs; hence they ere best served 
by the fringe processors'' (p. 183). 

Thus, a firm's strategy on manufacture or dis- 
tribution of branded or private labe: products can 
be viewed as a rational response tc its desire for 
survival and growth in its existing competitive anvi- 
ronment. In this context, it is difficult to argue that 
private-label prices approximate the compec-itive 
norm, and that the differences between national 
brand and private-label prices are an unambiguous 
basis for measuring overcharges due to monopoly. 
Indeed, it seems conceptually inappropriate to ex- 
plain differences between brand and private—abel 
price as due to the structure of the fcod-proce sing 
industry without taking account of the structure of 
retailing and the interaction between processors 
end retailers. 

However, Parker and Connor chcose to de so. 
Essentially, they explain the price difference b2- 
tween branded and private label items of the same 
product in terms of variables used in their first two 
approaches, four-firm concentration, advertising, a 
geographic-market index, and a variable for indus- 
try growth, with the addition of three further vari- 
ables to represent volume of sales by product class 
(LNSIZE), number of firms (LNFIRMS) and net 
imports (NETIMP). They used no less than three 
separate adverising variables and. in all, ten 
explanatory variables. Clearly, their fina! functional 
form was based on ad hoc rationalizations, rather 
than on a tested, coherent theory of the process 
being modeled. Thus, one may question the appro- 
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priateness of the final equation chosen. For exam- 
ple, if CR-4 had been represented by a linear term 
and ADS-4 by a quadratic term, as in Parker and 
Connor's equation (3), would signs, magnitudes, or 
significance of coefficients have been altered? And 
E the vaniables, LNSIZE, LNFIRMS, and NETIMP 
kelp to explain monopolistic price differences 
(DIFF), should they not also have been used to 
explain monopolistic price cost margins (PCM) in 
equation (3)? 

Having presented three separate approaches to 
measurement of consumer loss, the final plank in 
Farker and Connor's argument is that "the extent 
cf convergence of all three essentially independent 
estimates gives strength to the conclusion that con- 
sumer loss due to monopoly in the U.S. food-manu- 
facturing industries in 1975 was at least $10 billion, 
tut possibly as high as $15 billion” (p. 637) [or from 
L9 to 2.9 times total profits in the industry for 
1375].! However, we have shown that their loss 
components estimate explodes if the competitive 
CR- approaches 44% and varies widely for small 
deviations around their assumption that CR-4 
equals 40%. Their estimate based on the price-cost 
margin method is sensitive to variance in the esti- 
mated parameters. Their national brand-private 
lebel price difference estimate ignores the structural 
irteraction of food processors and retailers and re- 
lizs on a functional form indistinguishable from 
tLousands of others, equally plausible. Thus, con- 
vergence rests on specific arbitrary assumptions 
chosen by the authors and not on the industry's 
unique 'monopolistic" characteristics. 

The authors call for stepped-up antitrust activity 
ircluding limiting advertising, stricter policies on 
p-oduct extension mergers, and even divestiture of 
physical assets of leading firms and compulsory 
licensing of major trademarks. This recommenda- 
tion to alter significantly the structure of the food- 
manufacturing industries is not justified by the data 
presented. Even if the analyses were based on sol- 
idly realistic assumptions and if the methodologies 
мге sound, precise, and unquestionable, their rec- 
orimendations would not necessarily follow. The 
atthors ignore any possible losses in efficiency 
from restructuring. These efficiencies are an inte- 
gral part of structure considerations (Greig). For 
example, in comparing alternative industrial struc- 
tures McGee states, ''À proper standard involves 
eficiency considerations . . . it is a question of fact 
waether efficiencies of large firms have been or will 
be generated, relative to other industrial struc- 
tu-es" (p. 135); and Weston argues, ''In summary, 
rezent evidence runs against the view that concen- 
tretion in the U.S. is higher than need be for 
efüciency"' (p. 626). Parker and Connor present no 
evidence that the social returns from their reorgani- 


' Department of Commerce data suggest total corporate profits 
in sood processing in 1975 to be around $5.2 billion, while Internal 
Revenue Service data suggest corporate profits to be around $4.1 
bilLon. 
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zation of food manufacturing industries would be 
greater than the social cost. 

Parker and Connor have made an heroic attempt 
to quantify an elusive concept. Their approaches 
will be valuable to future researchers who keep in 
mind the limitations we have highlighted. In addi- 
tion, while researchers undoubtedly will continue 
to study whether or not there is consumer loss due 
to market imperfections in food manufacturing, we 
have tried to show that researchers ought also to be 
concerned about the falling real return on assets 


and on equity in all U.S. manufacturing and in food . 


manufacturing. 


[Received July 1980; revision accepted November 
1980.] 
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Estimates of Consumer Loss Due to Monopoly in the U.S. 
Food-Manufacturing Industries: Comment 


J. Bruce Bullock 


Ina paper published in the November 1979, ssue of 
the American Journal of Agriculturcl Ecoromics. 
Parker and Connor conclude ‘‘thet consumer loss 
due to moncpoly in the U.S. focd-manufacturing 
industries in 1975 was at least $10 billion, but possi- 
bly as high as $15 billion" (p. 637). The authors 
suggest that their findings provide justifica&on for 
expanding the budgets of U.S. antitrust agercies 
and for restructuring the industry. 

Parker and Connor (PC) have provided orly pert 
of the information required to draw these conclu- 
sions. Therefore, the results of their study do not 
provide justification for either expanding tke anti- 
trust agencies or restructuring the U.S. food- 
processing industry. Indeed, it is quite possitle that 
restructuring the industry toward a more atomistic 
structure world be contrary to the public interest. 
The relevant question is not, how much monopoiy 
profit exists in the food-processing industry? 
Rather, the relevant questions are: (a) does an al- 
ternative industry structure exist that will provide 
more net consumer welfare with no increase in re- 
source use? and (b) how can the change :o the 
‘‘preferred’’ structure be accomplished and what 
will be the cost? Parker and Connor have not an- 
swered these questions. 

The monopoly overcharge rectangle as defined 
by PC is illustrated in figure 1, assuming a linear 
demand curve DD and constant average cost 
curves; C, represents the cost curve if the industry 
has an atomistic structure. Parker and Connor pos- 
tulate that the costs of firms in the oligopolis-ically 
structured industry (C,) are above the costs that 
would exist in an atomistically structured ind.istry. 
The monopolv price P, thus extracts monopolv 
overcharges of P,AFC, from customers. ''Just how 
much of the overcharge rectangle P,AFC, is an 
income gain to the monopolistic depends or how 
much higher the monopolist’s average costs (С,) 
are compared to the competitive level C," (Farker 
and Connor, p. 628). 

What evidence do we have that the monopclists” 
costs are higher than the costs of more atomist cally 
sized firms? Changes in the number and size of 
firms in the industry over the past twenty-five years 
strongly indicare that the costs of these larger firms 
are lower than the costs of the firms they replaced. 


J. Bruce Bullock ís an associate professor, Department of Azricul- 
tural Economics, Oklahoma State University. 
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How could higher-cost firms have replaced lower- 
cost firms? The current structure could have 
evolved only because the costs of the larger firms 
are below those of smaller firms that exited the 
industry. Apparently, the oligopolistic firms pro- 
vided consumers with lower priced (or perhaps 
higher quality) products—not just on a short-term 
"*predatory'' basis, but over a prolonged period of 
time under wide-ranging economic conditions; to 
argue that the costs of the oligopolistic firms are 
higher than the costs that would exist in a more 
atomistic structure (for the same quality product) is 
to ignore the economic reality of what has hap- 
pened in the past twenty-five years. It does not 
matter whether the firms grew through internal ex- 
pansion or through acquisition. The fact remains 
that the larger firms could survive while smaller 
firms exited the industry only if the costs of the 
'arger firms are lower than costs of smaller firms. 

The observed structural changes over the past 
:wenty-five years suggest an alternative analytical 
татемогк may be more appropriate for evaluating 
-he social desirability of the current structure of the 
J.S. food industry. As noted above, evidence pro- 
vided by the marketplace strongly suggests that the 
costs for the oligopolistic industry are below the 
costs that would exist in a more atomistic industry, 
tay, level C». The oligopolistic market price in this 
situation will be somewhere between C; and C,, for 
example, Р». Monopoly rents in this situation are 
therefore represented by the area P,HJC, in figure 
I. This is the area which PC estimated to have been 
112.5 billion in 1975 (midpoint of their range). 
While $12.5 billion sounds like a lot of money, it 
amounts to only about 51 per person per week— 
Fardly more than rounding error in the consumer's 
food budget. 

Greig points out that there are social costs of 
atomistic competition. ‘‘Because the atomistic 
markets approach the ‘perfect’ markets in numbers 
ала size of firms, some seem to assume that atomis- 
їс markets operate with few or no social costs. 
E owever, if the costs to society of imperfections in 
the atomistic markets were compared to imperfec- 
tions in the segment having market power, then by 
fzr the greater social costs would be in atomistic 
markets. The lack of knowledge of potential 
supplies and potential demands, unnecessary risk 
and uncertainty, lack of knowledge and lack of op- 
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Figure 1. Illustration of Possible Impacts on 
Consumer Welfare: Oligopolistic vs Atomistic 
Industry Structure 


food markets considerably outweigh the social cost 
of market power” (p. 27). 

The social cost of atomistic competition is rep- 
resented by area C,C,JHM in figure 1 ignoring (as 
PC did) the resource allocation dimension of 
monopoly pricing.! (Note that the allocative in- 
efficiencies under an atomistic structure [MGE] are 
larger than under the oligopolistic structure 
[HJG].) Because the social costs of atomistic com- 
petition exceed monopoly rents in this situation, 
consumers are better off with an oligopolistic struc- 
ture than with an atomistic industry structure. This 
will be the case any time that production costs of 
the oligopolistic structure are below those that 
would exist in an atomistic structure, and monopoly 
powers are not exercised to the point that a price 
above C, is extracted from consumers. The eco- 
nomic incentive of oligopolists will be to charge a 
price below C, so as not to attract competition. 
Moreover, rivalry between oligopoly firms will 
keep returns competitive with other segments of the 
economy. How can monopoly profits exist if re- 
sources earn no more than their opportunity cost? 
Thus, the $12.5 billion ‘‘monopoly overcharge” es- 
timated by PC may be a quite acceptable price to 
pay for the consumer benefits (area C,C,JHM 


! A reviewer of this comment points out that this type of 
geometry is applicable only when one is dealing with homogenous 
and competing products. This points out the problems— perhaps 
the complete fallacy—of applying the concepts if monopoly profits 
to a multiproduct and product-differentiated industry such as food 
manufacturing. However, such a distortion is necessary if we are 
to address questions about the social desirability of the structure 
of these types of industries. The costs reflected in the cost curves 
of figure 1 are the total set of costs of production, product differ- 
entiation, and all other costs associated with operation of firms in 
the industry. 
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minus the area P;HJC, in figure 1) generated by an 
industry structure that enables firms to take advan- 
tage of economies of size, achieve better coordina- 
tion, reduce risk, and maxe investments in new 
product development. 

Unfortunately, there are several value judgments 
expressed in the PC paper that detract from its 
usefulness as an objective and scholarly analysis. 
For example, in trying to convince the reader that 
monopoly firms have higher costs than competitive 
firms, Parker and Connor state that ‘‘monopoly 
firms often allow managerial withdrawals in the 
form of fancy offices, corporate jets, and other in- 
essential perquisites’’ (p. 628). This leaves the au- 
thors in the untenable position of trying to answer 
the following questions: What distinguishes a 
"fancy" office from an adequate-but-not-fancy 
office? Are corporate jets always unsound business 
investments? What is the difference between an 
inessential and an essential perquisite? For exam- 
ple, is the civil service retirement system for gov- 
ernment employees (such as Parker and Connor) an 
essential or inessential perquisite? 

Parker and Connor mistakenly conclude that be- 
cause ‘‘monopolists do not have as strong incen- 
tives to minimize their costs of products as do com- 
petitive firms’’ (p. 628) the production costs of 
oligopoly firms will be higher than the costs of firms 
in an atomistic industry structure. Arguments that 
costs of oligopoly firms could be lower than they 
currently are, are perhaps true. However, such ar- 
guments are irrelevant for purposes of making 
judgments about the social desirability of alterna- 
tive industry structures. In an economy such as 
ours where there are enormous economies of firm 
size, the production costs of oligopolistic firms may 
be below the costs of firms in an atomistic 
structure—even if the oligopolists do not produce at 
minimum costs. 

PC place heavy emphasis on the social costs as- 
sociated with oligopolistic firms use of advertising 
funds. They state that advertising ''expenditure 
levels and content are not made in accordance with 
consumer preference; rather thay are chosen by 
companies to maximize advertising effectiveness. 
Although advertising expenditures may be efficient 
for this purpose, they are likely very inefficient in 
producing social benefits" (p. 629). Apparently PC 
use the term ''social benefits'' of advertising to 
refer to the entertainment value of programs spon- 
sored by advertising expenditures. Their conclu- 
sion about the inefficiency in use of these funds 
seems to be at odds with reality. Presumably, con- 
sumers watch television shows they like best. Ad- 
vertising agencies and the networks pay close atten- 
tion to program ratings reflecting the number of 
viewers. Moreover, per-minute advertising rates 
vary directly with the current and/or projected rat- 
ings of a program. Such a pricing and advertising 
expenditure allocation system appears to be quite 
consistent with the use of advertisement funds to 
produce social benefits as well as maximization of 
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expected return on advertisement expenditures. 
Therefore, the production of social benefi:s with 
advertisement expenditures is inefficient (as sug- 
gested by PC) only if televisiom viewers are -ncapa- 
ble of determining what they enjoy watching. 

The third procedure used by PC to estimate 
monopoly profits is to attribute the price difference 
between brand name and private label items to 
monopoly profits. Monopoly profits are ex-racted 
by restricting the options available tc con- 
sumers—not by providing consumers with a 
free choice between alternatives. 

The purchase of a brand name item by a con- 
sumer is the result of a conscious decision to select 
the item from a shelf containing both the brand 
name and private label item. Moreover, the price of 
each item is marked on each container and;or the 
shelf. The rational consumer will purchase the 
brand name only if its price premium is less than the 
consumer's perceived difference in value (utility) 
between the two items. Because the consumer will- 
ingly pays the price difference to acquire what is 
perceived as a higher quality product, it aardly 
seems reasonable to call the price difference 
monopoly profits. Rather, the price difference is a 
lower bound estimate of the added quality (value) 
of the brand name item relative to tae private label 
item. Arguments that there really is no technical 
difference between the two items are irrelevant. 
Quality—like beauty—is in the eye of the beholder. 
The continued existence of price premiums be- 
tween brand name and private labels is strong evi- 
dence that for some consumers (those that buy the 
brand name item) the higher value (utility) justifies 
the price differential. Thus, it is erroneous to use 
the price differential as a measure of monopoly 
profits. 
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The PC recommendation for restructuring the 
U.S. food-processing industry was a foregone con- 
clusion given the conceptual framework used for 
their analysis. Use of the alternative conceptual 
framework (i.e., demonstrating that the oligopolis- 
tic fizms' costs are at level C, and not level C; while 
the production costs in an atomistic structure are at 
level C,) would introduce more objectivity into 
their analysis. This framework leaves open the pos- 
sibility that the authors will arrive at the same set of 
recommendations. However, this framework will 
require that PC be much more rigorous in their 
analysis and that they substantiate some of the un- 
supported value judgments contained in the current 


. paper. If the revised analysis leads PC to the same 


conclusions they will then have much more con- 
vinciag evidence that the U.S. food-processing in- 
dustry should be restructured. 


[Received April 1980; revision accepted 
November 1980.] 
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Estimates of Consumer Loss Due to Monopoly in the U.S. 
Food-Manufacturing Industries: Reply 


Russell C. Parker and John M. Connor 


We appreciate this opportunity to respond to these 
two comments. Our article presented three inde- 
pendent estimates of the loss calculated, using 
widely different data sets and methodological ap- 
proaches. Two of the approaches used statistical 
models from standard works in industrial organiza- 
tion. The third was based on original work by the 
authors, using regression analysis to refine a set of 
brand-by-brand price and sales data uniquely avail- 
able for the food industries. 

Professors O'Rourke and Greig (OG) open their 
comment by arguing that the Parker-Connor (PC) 
conclusion that the food industries are imposing a 
social cost on consumers is highly misleading be- 
cause we failed to recognize that the high and in- 
creasing profitability of food manufacturing actually 
represents declining ‘‘real’’ rates of return on assets 
and stockholders' equity of food-manufacturing in- 
dustries. They allege that the ''real" rates are 
below the opportunity costs of capital. Real rates of 
profit are defined as the actual rate of profits on 
total assets and on stockholders' equity relative to 
the prime rate of interest in the economy. 

Since OG use total assets as the denominator in 
their rate of return, but exclude interest payment in 
the numerator, the values of their ‘геа!’ rates of 
return are low. Interest payments should not be 
excluded because many companies borrow money, 
for which they pay interest, to finance part of their 
assets. The OG real rate of return on assets is 
peculiar because it is a function of the amount of 
borrowing as well as business success. Industrial 
organization studies either include interest in the 
numerator of the asset ratio or use profits as a per- 
centage of stockholders’ equity. The latter ex- 
presses profits such that it is easier to determine if 
stockholders are sufficiently rewarded to attract 
and maintain necessary ownership capital. It is 
noteworthy that the OG series of profits on equity 
shows essentially the same trend as that which PC 
reported, even after the OG deflation procedure is 
applied. The choice of 1975 as the terminal year did 
not affect the upward trend in food manufacturers' 
profits; any terminal year from 1970 to 1979 
confirms the trend. Their ending period does not 
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show as high a level for food manufacturers relative 
to all-manufacturing (table 1) as PC did, but this 
was primarily because of their final period capturing 
a relative boom in the cycle of all-manufacturing 
profits. 

Contrary to the assertion made in the OG com- 
ment, the PC estimate of excess profits in no way 
depends on a fortuitous selection of the year 1975. 
Our estimate was based on the application of 1972 
to 1975 industry structure data to a profit function 
fitted to data for a five-year period in the 1950s. This 
should also eliminate the OG concern about the 
effects of inflation on profits since inflation was low 
during the period over which the equation was 
fitted. 

The claim that inflation causes reported rates of 
profitability to rise markedly above real rates is 
supported neither by recent empirical investiga- 
tions nor, curiously, by their own citations. Fama 
has calculated inflation-adjusted rates of corporate 
profitability on assets for 1968-78. Incidentally, he 
also argues that the numerator should include net 
interest payments. The denominator should be real 
total capital, assets evaluated at replacement cost. 
Profits are adjusted downward for inflation-caused 
inventory profits and for underdepreciation caused 
by valuation of assets at historical costs. Cash flow 
for interest payments and depreciation has in- 
creased enormously over the 1950-78 period. Nev- 
ertheless, Fama’s results indicate that average cor- 
porate profits in the 1970s were higher than those in 
the 1950s (8.1% versus 7.7%), though not so high as 
in the 1960s. Feldstein and Summers, using a simi- 
lar method, also conclude that there is no evidence 
of a long-term fall in the rate of return to nonfinan- 
cial corporate capital, 1948-76. OG have made no 
such adjustments. Finally, the relevance of the 
Malkiel reference made by OG eludes us. Malkiel’s 
only reference to profits is a passionate argument 
for corporate tax relief through depreciation-rules 
changes as 2 means of encouraging productivity. 

The use of the prime interest rate as a measure of 
opportunity costs assumes that the value of a dollar 
of interest income and a dollar of after-tax account- 
ing profit would be identical to an investor if risk 
were held constant. Such an assumption, however, 
ignores the income tax advantages with stock 
ownership, such as dividend exclusions and tax 
rates on capital gains, that are about half those 
applicable to interest income. It also ignores any 
effect that inflation has on increasing the current 
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market or replacement value of physical assets 
owned by companies. Financial assets, wnich bear 
interest payments, do not inflate but remaia fixed in 
terms of dollars, which decline in purchasing power 
during inflation. It is possible during periods of 
rapid inflation for investors to corsider zero or even 
negative company profits superior to high rates of 
monetary income earned in the form of interest. 
The real income of a recipient of interest оша be 
negative if the inflation rate exceeded the interest 
rate. On the other hand, if the physical productivity 
of a company's assets remains the same, the real 
wealth of their owners should tend to stay zonstant 
during inflation. 

A more appropriate extension of the analysis of 
company profit performance on invested capital 
than the on2 offered in the comment would be to 
look at relative changes in stock p-ices, disposals of 
companies below their book values, failure razes of 
technically efficient firms, the inability 5f such 
companies to float new stock issues or to borrow 
needed capital, and: evidence of undercaoitaliza- 
tion. Although the present authors have not made 
an exhaustive study, there appears to be litle evi- 
dence that food companies are failing these market 
tests. We see no merit in departing, as OG have 
done, from these more traditional economic analy- 
ses. 

Excess profits were only one of the components 
of the cost-components approack. Excess profits 
were about 3096 of the total consumer loss. Bv 
failing to consider the inefficiency ccsts of 
monopolies as part of the overckarge, OG imply 
that consumers are irrationally oosessed with in- 
dustry profits. In fact, consumers should be con- 
cerned primarily about how much higher pries are 
costing them and only secondarily with the level of 
profits that monopolists are receiving. 

The data on profit trends were included in our 
review of industry structure merely to prcvide a 
motivation for our study—circumstantial evidence 
that a compecitive problem may exist. It is entirely 
possible for a high consumer overcharge to exist in 
industries experiencing negative profits. 

The assertion by OG that we somehow ‘over- 
looked” studies pointing to small monopoly losses 
(e.g., those by Schwartzman and Worcester) is ir- 
relevant because those studies are estimates of the 
deadweight loss only. OG are confused over the 
distinction between consumer loss and net social 
loss—a distinction we belabored in our article. 

The statistical flaws OG allege are primarily re- 
hashes of limitations already made explici: with 
appropriate caveats by PC. Regarding the zlleged 
flaw in the first of the estimates, which was an 
estimate derived by adding together the separate 
estimates of individual overcharge componenrs, the 
commentors apparently misread the PC article. We 
described Scherer’s estimates, as Scherer homself 
did, as “‘iffy*’ and "'subjective." We used the 
Scherer textbook only as an acceptable source for 
describing the components of overcharge. We did 
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not use Scherer’s estimates in computing the major 
components of overcharge. 

The two main components, which together con- 
stituted over 60% of our total overcharge estimate 
and were the major factors in estimating allocative 
inefficiency, were estimated from data and models 
specific to the food-manufacturing industties. Only 
a third of our total estimate was an extrapolation of 
Scherer’s estimates. In describing these extrapola- 
tions, the present authors cautioned that they were 
the ‘‘least reliable of our estimates’’ and ‘‘included 
mainly for heuristic reasons.’’ OG, in a misleading 
fashion, focus on these latter estimates in their dis- 
cussion. Lest there be no mistake, we continue to 
question the reliability of these extrapolations both 
because of the data from which they were extrapo- 
lated and the method of extrapolation. However, 
considering the high values estimated for the two 
principal components of overcharge, there would 
seem to be little question that there should also be a 
significant amount of X-inefficiency. Had Scherer’s 
percentage for the residual X-inefficiencies been 
applied directly, without the questionable adjust- 
ments for the relatively higher levels of food man- 
ufacturer concentration and advertising intensity, 
the extrapolated values would have totalled $1.5 
billion. This would have yielded a total overcharge 
estimate of 9.25 billion—not far from the $10 billion 
which we reported as the likely low end of the error 
range. 

Our second overcharge estimate was based on a 
regression analysis of census price-cost margin 
data. Our estimate held constant all factors, other 
than competitive structure factors. The OG charge 
that we ‘‘arbitrarily’’ chose CR-4 = 40% as our 
workable competitive standard is disturbing. In the 
body of the article (Parker and Connor 1979) we 
cite Scherer as an authority. But several other cita- 
tions are included in РС (1978, p. 67), as well as a 
modest analysis of the level of CR-4 justified by 
estimates of minimum optimal scale. This evidence 
and subsequent searches of the literature on the 
"critical" concentration ratio leave us convinced 
that the CR-4 = 40% is a realistic dividing line for 
workable competition in most national market 
food-manufacturing industries. We did not calcu- 
late our estimates of consumer loss against the im- 
pessibly utopian standard of atomistic competition. 

The presentation of the price-cost margin section 
began with a brief historical development. We gave 
:he reader the initial Collins-Preston equation (1) 
and a refit based on 1970s' data (eq. 2). However, 
Dur analysis advanced beyond these historical equa- 
‘tions. We fit a third equation, incorporating the 
more complete specification which benefitted from 
research during the last decade. Our article stated 
thet "the authors believe that the estimate from 
equation (3) is superior" (p. 633). Despite this 
statement, OG choose to level their guns exclu- 
sively on the historical equations (1) and (2) and 
point out nothing more than what was stated, 
ramely, that equations (1) and (2) show substantial 
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"variability in overcharge amounts due to the 
choice of the level of concentration defined as com- 
petitive” (р. 633). 

Their only criticism of the preferred equation (3) 
is that the maximum price-cost margin point for an 
industry occurs at an advertising rate of 11% on 
sales. They ask why food manufacturers are not 
spending more on advertising since a higher rate 
would yield more monopoly profits. Besides their 
inexplicable confusion between monopoly over- 
charge, which was the object of the regression equa- 
tion, and monopoly profits, which is only one 
component of overcharge, their criticism assumes 
that all products have a maximum potential for dif- 
ferentiation. In fact, products have varying degrees 
of limitations—the nature and importance of the 
product, grade labeling, alternative product avail- 
ability, and a number of other factors. In our analy- 
sis, each observed point is assumed to be in equilib- 
rium with advertising applied by each firm so as to 
maximize its rate of return. The appropriate ques- 
tion that should be asked of our equation is how 
well does it fit the data in the relevant range, not the 
meaning of some point far beyond that range. If our 
equation describes accurately in the relevant range, 
then the calculated overcharge amounts should be 
equally accurate. By their silence on this point, one 
must infer that OG are satisfied with this essential 
characteristic of equation (3). 

The third estimate of overcharge was based on a 
regression analysis of the price differences between 
private labels and national brands of consumer food 
products. This approach involved not only a totally 
different kind of dependent variable than that used 
in the price-cost margin approach but also afforded 
a much more dissaggregated level of analysis. OG 
criticize our disaggregation on the grounds that the 
SIC product class (and industry) categories often 
are too narrow and do not represent well-defined 
markets. While it is true that SIC definitions were 
not designed specifically to meet the requirements 
of industrial organization research, virtually all 
such econometric studies have employed SIC- 
based data simply because they are the best avail- 
able. If anything, the consensus is that SIC 4-digit 
and 5-digit categories tend to be overly broad defini- 
tions of true markets (Wilcox and Shepherd 1975, 
p. 43). Moreover, the OG illustration of the five 
dairy industries (butter, cheese, canned milk, ice 
cream, and fluid milk) as too narrowly defined is a 
good example of one of their "unsupported asser- 
tions." They imply that consumer substitution is 
high among the five industries, thereby introducing 
considerable interindustry competition. The most 
reliable U.S. Department of Agriculture estimates 
of cross elasticities of demand with respect to price 
fail to support their view; not one of the twenty 
possible cross elasticities among the five dairy in- 
dustries exceeded tbe 0.10 level (Huang). The mar- 
ketplace provides further evidence that SIC food 
product classes are not too narrow, as claimed. 
Most large food manufacturers purchase data from 
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marketing services firms like Nielsen Company, 
which use classifications typically narrower but 
highly consistent with census product classes. 

O'Rourke and Greig charge that the national 
brand-private label model is not based on any 
"'tested, coherent theory.” A closer reading by OG 
of the text on page 634, for a discussion of advertis- 
ing effects and page 635, for the reference to an 
article by Nickell and Metcalf would have provided 
OG the theoretical basis for including the question- 
able variables. Nickell and Metcalf do a rather good 
job of laying out a theoretical basis for explaining 
national brand-private label price differences; they 
also test an original U.K. data set using a model 
very similar to PC. 

As well as ad hocery, the OG comment alleges 
that PC ignore the problems of physical and psychic 
quality differences between private labels and na- 
tional brands. In fact, we reported the findings of all 
such studies we could locate, including the one by 
Jafri and Lifferth offered in the comment as an 
example. The PC discussion raised several con- 
cerns and reservations concerning the general con- 
clusion of these studies, namely, that no significant 
differences in quality exist between private labels 
and national brands. It should be noted that the 
existence of quality differences per se does not 
weaken the PC results, not even when those quality 
differences are associated with higher prices. The 
significance of the relationships could be challenged 
only if quality differences were positively asso- 
ciated with values of those independent variables 
which measure the aspects of structure used to 
estimate overcharge. If the quality differences of 
national brand products of high-concentration in- 
dustries (such as puffed wheat cereal by Quaker vs. 
private label puffed wheat cereal) were generally 
greater than the quality differences in low-concen- 
tration industries, such as prepared meats, then 
there would be an upward bias in the overcharge 
estimate. Even if there were such an association, 
the bias introduced could still be insignificant. 

OG believe that we unfairly single out advertising 
as a source of undesirable changes in the food sys- 
tem. They illustrate their point with a quotation 
(Parker and Connor, p. 629) that is taken out of 
context. That sentence listed plausible impacts that 
lay outside the scope of our research and about 
which we offered no judgement. Our policy sug- 
gestions on advertising are deduced from the 
coefficient values of our estimating equations (3) 
and (3.1), as well as other cited research. OG are 
correct that our model considers exogenous several 
factors (e.g., growth of the leisure industry) that 
may affect aggregate food demand. However, the 
present authors do not see how these factors would 
weaken the values of the advertising coefficients or 
their statistical significance. 

OG’s final point on the private label-national 
brand estimate is that national brand producers 
carry the cost of product innovation, while private 
labels only follow. Thus, they say, the price differ- 
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ence that is ooserved reflects a real social cost. Let 
us suppose that there is such an effect and that the 
variable measuring product growth, which was in- 
troduced to control for this effect, did not capture 
it. Are there data that might indicate the magnitude 
of the resulting bias? National Science Fourciation 
data show that the food and kindred product indus- 
tries rank lowest except for primary metals in terms 
of intensity of R&D activity. Worley found, in addi- 
tion, that they were the only major group of indus- 
tries where R&D intensity was inversely related to 
company size. These data do not suggest that the 
brands of large national companies carry a леауу 
burden of product development, and therefor2 sug- 
gest only a small potential bias if there was, irdeed, 
a problem with equation specification. However, 
this may be a useful area for future research. 

Bullock's main criticism is that it is theoreticallv 
possible for consumer welfare to be higher ander 
monopoly thaz under pure competition if the aver- 
age costs of production and distribution are lower in 
zhe monopoly zase. Of course, we agree witk Bul- 
.ock's exposition of this possibility Lecause we too 
are familiar with the textbook discussions ЭЁ it, 
such as the in:tial pages (pp. 21-22) of Scherer's 
(1980) textbook. And we invite Bullock to look at 
figure 2.4 in Scherer, which is practically identical 
to his figure. 

The resoluticn of this issue requires an empirical 
investigation to determine whether the largest irms 
have costs significantly lower than their smaller 
rivals (what he calls ‘‘atomistically sized firms"). 
We do not believe the answer is quit» as simple as 
Bullock implied with his undocumented asse-tion 
that larger food firms have ''replaced" smaller anes 
over the Jast twenty-five years, and that this change 
bas occurred only because the larger firms "were 
always more efficient. Bullock's simple survivor 
analysis blurs important distinctions such as tech- 
nological versus pecuniary advantages of size, plant 
versus multiplant economies of scale, and spezial- 
ized-firm versus conglomerate strategies (Scherer 
e: al. 1975). Even a casual examination of basic 
census data on labor productivity differences 
among food-processing plants reveals that in most 
irdustries the most efficient size class lies between 
tke extremes, suggesting the prevalence of the tra- 
ditional U-shaped average cost curve. (Total factor 
productivity of food-manufacturing plants is not 
available by size classes.) Bullock's fascinacion 
w.th sheer size cverlooks the fact that from a com- 
petitive point of view, the relevant consideration is 
optimal plant size relative to the marxet. Because 
national food-manufacturing markets are so large, it 
is unusual for a single plant (even the _argest in the 
industry) to acccunt for as much as 525 of the total 
shipments. 

Both OG and Bullock cite a bulletin by Greig, 
which purports to estimate costs due to atomistic 
competition in the food-manufacturing industnes. 
Greig's "method" reveals an inadecuate uncer- 
stending of the equilibrium assumptions underlying 
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ndustrial organization theory. Workable competi- 
-ion is always assumed to be in long-run general 
equilibrium; firms are assumed to be producing at 
"heir minimum optimal scales. In the atomistic state 
apparently envisioned by Greig, firms are so minis- 
cule that they are producing at levels below their 
technological optimum. 

One might also fault Greig for his misuse of basic 
macroeconomic concepts, as well. In his adaptation 
of the Scherer estimates of consumer loss due to 
market power in the food industries, Greig takes 
€.2% of shipments in SIC-20 instead of the appro- 
priate measure of the *'contribution to GNP,” value 
zdded. This exercise led to an erroneously inflated 
estimate of consumer loss. 

Bullock further asserts that the conceptual 
f-amework for our analysis guarantees that our es- 
timates of consumer overcharge are large and posi- 
trve. Adoption of the framework implied by his 
figure, he states, would introduce ‘‘more objectiv- 
ity" and *'rigor" into the analysis. This criticism is 
baseless. First, the only difference between Bul- 
Icck's model and ours is the relative positions of the 
competitive price Pc and the monopoly price Pm. 


However, the two econometric models we used to 


stimate overcharges are perfectly capable of han- 
dking positive or negative margins or price differ- 
ences. In fact, had Bullock examined our SAMI 
data source, he would have discovered that there 
were several cases where average private label 
prices exceeded average national brand prices. 
Second, for several industries, our models pre- 
dicted no overcharge. In principle, all the industry 
estimates could have been zero. 

In addition, Bullock questions the theoretical as- 
sumption of our national brand-private label price 
drference model that these differences contain in- 
fo-mation about overcharges. To Bullock, both 
prce difference and quality difference consid- 
erations between national brands and private labels 
are irrelevant. The mere fact that consumers will- 
ingly pay the price differences means that consum- 
er: are maximizing utility and suffering no loss. If 
coasumers perceive a quality difference, that is all 
thet counts. Underlying this criticism is an abiding 
faich that markets never fail to be efficient. Need- 
less to say, Bullock's faith ignores a huge body of 
microeconomic and industrial organization litera- 
ture, declares a major area of academic curricula in 
American universities obsolete, and implies that the 
largest identided specialty in the American eco- 
nomics profession is irrelevant. Aside from these 
small matters, it also leaves several questions unan- 
swered. In what sense do consumers make willing 
chcices if high search costs are necessary and if 
ma-kets are subject to large expenditures on per- 
suasive advertising? In what sense is the su- 
pracompetitive equilibrium, that theory which pre- 
dicts when there are high search costs, efficient? In 
a more practical vein, does it not do injury to seri- 
ous economic analysis to assume that physically 
idemtical products that may simultaneously come 


Parker and Connor 


off of the same production lines, but are branded 
with highly advertised labels, give 30% or more 
additional satisfaction? Would it not be appropriate 
to question whether consumer choice is adequately 
informed? 

The Darwinian-type faith, expressed in both 
comments, that any structure or behavior that 
emerges from markets necessarily maximizes 
efficiency leads their authors to label the PC re- 
search, which is not based on this faith, as preju- 
diced. The authors of the comments require that 
until PC can demonstrate evidence of specific in- 
stances of food-manufacturer management laxity 
and list specific management perquisites not jus- 
tified by efficiency, there is no basis for a model 
which has X-inefficiency as a component of con- 
sumer loss. We reject this requirement as overbur- 
densome in light of the economic literature of the 
effects of monopoly. We also reject the burden 
required of us, especially by Bullock, that we prove 
the superior performance of atomistically struc- 
tured food-manufacturing industries. It is obvious 
from our assumption that any industry with less 
than 40% 4-firm concentration is competitive, that 
we employ a workable, not atomistic, structural 
standard. 

The short PC policy section that inflames the 
authors of the comments was an attempt to make 
modest suggestions of some of the public policy 
implications of our research. In drafting our discus- 
sion, we tried to touch on only those options which, 
in our opinion, have played the most prominent role 
in congressional hearings and in the antitrust litera- 
ture. We reject the criticism that we should have 
measured the costs and benefits of each policy op- 
tion before mentioning it. Our policy section dis- 
cussed the likely policy significance of the size of 
our consumer loss estimates and of some of the 
estimated parameters. This limited objective was, 
in our opinion, consistent with the limited scope of 
the paper as it appeared in this Journal. 


[Received January 1981.) 
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Mitigating the Effects of Multicollinearity Using Exact 
and Stochastic Restrictions: The Case of an Aggregate 
Agricultural Production Function in Thailand: Comment 


R. Carter Hill, Rod F. Ziemer, and Fred C. White 


Mittelhammer, Young, Tasanasanta, and Connelly 
in estimating an aggregate agricultural production 
function use a variety of techniques to deal with 
multicollinearity present in their sample, including 
exact and stochastically restricted “east squares and 
principal components regression.! They claim that 
consideration of these techniques allowed mitiga- 
tion of a serious multicollinearity problem »resen- 
in their data and permitted more precise parameter 
estimates. The authors also hold that two of the 
techniques they considered ‘‘generally outper- 
formed OLS in terms of risk and overall rea- 
sonableness . . . (p. 199). While the empirical evi- 
dence Mittelhammer et al. present is convincing 
and the product of sound econometrics, we feel that 
some important limitations of the estimatiom tech- 
niques they employed as alternatives to ordinary 
least squares (OLS) were not sufficiently stressed. 
Furthermore, we will provide estimators that are 
unambiguously superior to least squares under a 
variety of standard loss functions. 


Problems in Achieving Precise Estimation Us ng 
Restricted Least Squares and Some Alternatives 


Combining semple observations ‘with exact or 
stochastic restrictions has the effect of recucing 
estimator sampling variability relative to tat of 
OLS. Even if the restrictions are incorrect (or 


biased in the case of stochastic restrictions), imply-. 


ing that the restricted least-squares (RLS) es- 
limator is biased, the mean square error or risk of 
the RLS estimator may be less than that of DLS. 
Unfortunately, the potential risk gan occurs only 
over a relatively small portion of the parameter 
space where the restrictions are clos to being cor- 
rect (where the meaning of ‘‘close’’ depends on the 
risk function adopted). Furthermore, RLS es- 
timators have risk functions that are unbounded in 
the sense that the further the restrictions are from 
being true, the greater the risk of che estimator. 
Thus, while it is true that RLS estimators aave 
smaller risk than OLS under appropriate condi- 
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! Principal components regression can be shown to be equiva- 
leat to a restricted Jeast squares estimator (Fomby and Hi). 


tions, those conditions depend upon the true pa- 
rameter values, which are unknown. Consequently, 
when using exact or stochastic restrictions, the re- 
searcher never knows whether a risk improvement 
over OLS under standard loss functions is realized. 

Because the true parameter values are unknown, 
a common practice is to test statistically whether 
RLS is preferred to OLS under one of the standard 
risk functions described by Mittelhammer et al. and 
use the RLS estimator only if it is not rejected as 
being better then OLS on the basis of a hypothesis 
test. However, as suggested by Mittelhammer et 
al., such a pretest estimator has lower risk than 
OLS only over a finite portion of the parameter 
space that depends, among other things, on the true 
parameter values and the significance level of the 
zest (Judge and Bock; Judge, Bock, Yancy; Wal- 
асе). Furthermore, Sclove, Morris, and Radhak- 
"ishnan have shown that the traditional pretest es- 
"jmator is inadmissible; that is, another estimator 
exists that has risk at least as small regardless ofthe 
true parameter values. Perhaps even more disheart- 
ening is that the sampling distribution of the pretest 
estimators is unknown, thus preventing usual tests 
cf hypotheses and confidence interval statements. 

While there is little positive that can be said about 
the hypothesis-testing dilemma, additional progress 
car. be made with respect to obtaining point esti- 
mates that are superior to OLS under a general risk 
f-inction of the form, 


() Афв = PECBIQB B), 


where B is an estimator of the parameter vector B, о? 
is the error term variance defined below, and Q is a 
positive definite and symmetric matrix. Two com- 
mon choices of Q are an identity matrix, yielding 
tke weak mean square error criterion, and Q = X'X, 
yElding the mean square error of prediction crite- 
non. 
Let the linear model of concern be 


Q y-XBte 


млее y is a (T X 1) vector of endogenous variable 
values, X is a (T x k) matrix of regressor values, 3 
is a (k x 1) parameter vector and e is a (T х 1) 
vector of error terms normally distributed with 
mean zero and common variance, c?. The OLS 
esimator of B is b = (X' X) !X'y which is indepen- 


Copyright 1981 American Agricultural Economics Association 


Hill, Ziemer, and White 


dent of s = y'My ~ о?у%ть‚ where M = I — 
X(X’X)"1X'. Let the linear equations АВ = r define 
J linearly independent, exact restrictions on 8. The 
RLS estimator for В can then be written: 


(3) b* =b + (X'X) R'[RQ'X)?R']?(r — Rb), 


while the general Stein-like estimator can be written 


(4) 8(b, s) 


(r — RbY'[R(QCX)R']?fr — Rb) | 
X (b — b*) — b*, 


which is minimax and dominates the OLS es- 
timator? if k =-3 and 


(5) osasu y A - fa -kez. 


if Q = I and 
(6) 0x a x2(k —2)/T — К + 2), 


if О = X'X. Here А, is the ith largest characteristic 
root of X'X, X, being the smallest. Note that if Q — 
X'X, or that the mean square error of preciction 
loss function is chosen, the value of the shrinkage 
factor, a, is not affected by A, or the deg-ee of 
multicollinearity. The estimator described in (4) is 
in turn dominated by its positive-part variant 


(7) 8*(b, s) 
"i ыс ee A TEE 
| (г — Rb)'[R(OCX)"R'E'& — RE) | 


I | (т — Rb[R(X' X)" R'](r — Rb: 
[a,o) eee 
X (b — b*) + b*, 


where J,.)(c) is an indicator function that is equal to 
one if c falls within the stated interval, [-), but zero 
otherwise. Note that (к — Rb)'[R(X X) !R' |! (r — 
Rb)/s is equal to Ј · Fu, /(T — k), where Fors 
is the F-statistic as reported by Mittelhammer et al. 
If Q = X' Xis chosen, then a = (k — 2)/(T — k + 2) 
= ‚286 for the Mittelhammer et al. models. The 
positive-part Stein-like estimator described in (7) 
that combines their reported OLS and principal 
components estimates can then be written, 


(8) 8*(b, s) = i - 2225 


Jo — p*) - b*. 

Results of applying the rule described in (€) along 
with the OLS and RLS (principal components re- 
gression) results of Mittelhammer et al. ere pre- 
sented in table 1.3 As is apparent from tabl2 1, the 


? See Strawderman for a discussion of a generalized r-dge-type 
estimator which also dominates least squares. 

? For the results reported in '' Model 2" (Mittelhammer et al., p. 
202), the argument for the indicator function in equation (7) lies 
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Stein-rule estimator shrinks the OLS estimates to- 
ward the prior information, the principal compo- 
nents estimates in this case. — — 

The Stein-like estimators described in (4) and (7) 
provide point estimates that are superior to least 
squares under common loss functions regardless of 
the true parameter values and thus regardless of 
whether the exact restrictions are true or not. Un- 
like the traditional pretest estimator, these es- 
timators do nct choose between the OLS and RLS 
estimates, but rather, loosely speaking, average 
these estimates depending on the value of the ap- 
propriate F-statistic. The larger the value of F, 
holding Т and k constant, the less weight is given 
the RLS estimator. Major limitations of the Stein- 
like estimators are that they are nonlinear and have 
unknown sampling distributions, just like the pre- 
test estimators. Furthermore, like the pretest es- 
timators, the covariance matrix of a Stein-like es- 
timator can be derived, but is quite complicated and 
dependent on the unknown parameter vector—thus 
is of little practical use. Despite these limitations 
however, the Stein-rules presented above provide a 
way to combine sample and nonsample information 
in a way that guarantees risk improvement over 
OLS. 


Conclusions 


In this note, two estimators are presented that pro- 
vide point estimates superior to OLS. With regard 
to mitigating the effects of multicollinearity, these 
estimators provide more precise parameter esti- 
mates than least squares in the sense of having 
lower risk. More important, unlike conventional 
pretest procedures, these risk gains are guaranteed. 
It is still true, however, that the better the prior 





outside the interval [a,2) for О = X' X. Therefore the positive-part 
Stein-rule estimates are equivalent to the RLS estimates reported 
by the authors. ; 








Table 1. Production Function Results for 
Using Alternative Estimation Techniques 
Coefficients 

Stein- 
Variable OLS RLS like 
InA —4.5108, — .0045 — 1.2978 
InL .4937 .3436 .3867 
InN 3.2300 4808 1.2698 
lng .1668 ‚2017 .1917 
t —.0553 .0111 — 0080 
Dit — .0036 0.0000 —.0010 
Dat —.0022 0.0000 --.0006 
Юм .0018 0.0000 .0003 





Note: OLS and RLS are the results reported in Mittelhammer et 
al. for “Model 1" and “Model 5." respectively (p. 202). 
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information, i.e., the exact restrictions, the greater 
the gain that is realized over least squares .* 


[Received June 1980; revision accepted Cctober 
1980.) 
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Mitigating the Effects of Multicollinearity Using Exact 
and Stochastic Restrictions: The Case of an Aggregate 
Agricultural Production Function in Thailand: Reply 


Ron C. Mittelhammer and Douglas L. Young 


We thank Hill, Ziemer, and White (HZW) for their 
interest in our problem of mitigating the effects of 
severe multicollinearity and for their suggestion of a 
Stein-like estimator as an alternative estimator to 
those we examined. While the estimators HZW 
suggest can have attractive statistical properties 
under rather general conditions, we are less willing 
than they to discard the more conventional es- 
timators, both for our specific problem and for 
many general applications. We will endeavor to 
support our reservations with technical arguments 
as well as on philosophical grounds. 

We begin by noting that HZW have incorrectly 
stated the interval for the shrinkage factor 'a' in 
their Stein-like estimators (4) and (7) over which 
the estimator is known to dominate the OLS es- 
timator [see their (5) and (6)]. It can be shown! that 
when using the risk function, 


d Еф - в)'0(8- В) 


g? 


R(B,B) = 


The Stein-like estimators of Hill et al. are minimax 
and dominate the OLS estimator if 


Q) 054 s 2 [ECCO нел ЕУ 
й 
/-K+2, 
for О = I, and . 
(3) 0<as2J-2/(T-K+2), 


for Q = X'X, where & is the largest characteristic 
root of [R(X'X)!R']^! R(X'X)?R', J is the number 
of independent linear constraints on the parameters 
of the linear model, and other notation is consistent 
with that used in HZW. It is recognized from (2) or 
(3) that there will exist a nonzero choice of ‘a’ only 
when the researcher has utilized a restricted least 
squares estimator in defining the Stein-like es- 
timator that incorporates three or more indepen- 
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! The proof of this result, as well as others included in this 
paper, are omitted due to space limitations. The proofs are essen- 
tially variations on proofs contained in Judge and Bock in their 
discussion of Stein-like estimators. Interested readers may obtain 
these proofs upon request from Ron Mittelhammer. 


dent constraints on the parameters, i.e., J = 3. 
Thus, for example, if a researcher were utilizing 
principal components regression in which only two 
components were deleted, corresponding to two 
constraints on the parameters of the linear model, 
the use of the Stein-like estimator of HZW to shrink 
the OLS estimator towards the principal compo- 
nents estimator would not be desirable under 
squared error risk (О = J) or predictive risk 
(Q = X'X). In the special case where J = K, so 
that the restricted least squares estimator, b*, used 
in the Stein-like estimator is defined as the 
nonstochastic K X 1 vector R™!r, the Hill, Ziemer, 
and White bounds are correct. Of course, in the 
context of usual applications of principal compo- 
nents regression where the dependent variable is 
regressed on principal components as explanatory 
variables, components are deleted, and then esti-. 
mates of parameters in the original coordinate 
space are generated, the special case where J — K 
is of virtually no interest, because this is tan- 
tamount to restricting all parameters in the original 
coordinate space to zero. Thus, the applied re- 
searcher shculd be aware of the general bounds (2) 
and (3) should he or she be interested in applying 
one of the Stein-like estimators suggested by HZW 
to a given estimation problem. 

At this point, it becomes interesting to ascertain 
whether the Stein-like estimators suggested by 
HZW can be defined so as to dominate the OLS 
estimator and provide improved parameter esti- 
mates. We should note that one of our original 
problem objectives was to obtain precise estimates 
of the parameters of the agricultural production 
function we had specified. And, to be sure, the 
squared error risk function, i.e., (1) with Q = J, is 
useful in gauging estimation performance in the pa- 
rameter space. Because in our case J = 6 = 3, 
calculation of the estimator could be useful. Unfor- 
tunately, our case is an example where the Stein- 
like estimator is not unambiguously superior to the 
OLS estimator, for when the interval for ‘a’ sug- 
gested by (2) is calculated, we find the calculated 
upper bound for ‘a’ to be —.0935. Thus, the Stein- 
like estimators suggested by HZW do not possess 
the property of dominating the OLS estimators in 
our case, and thus, their principal virtue is not 
realized. It should be noted that the failure of the 
Stein-like estimator in our case was due to a mul- 
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ticollinearity structure in the matrix [RQCX) IR]: 
R(X'X)^*R' that resulted in б, being quite large rela- 
tive to the remaining smaller characteristic roots. 
Whether this failure occurs in general depends on 
the structure on the multicollinearity in eny given 
problem. The failure is less likely to occur when 
[R(X X)! R(X’ X) ?R' has two or more large charac- 
teristic roots of roughly similar magnitude. 

Although the estimators suggested by H ZW were 
not useful for improving the estimates о? the pa- 
rameters of the production function themselves, as 
judged by the squared-error risk criterion, they are 
superior to the OLS estimator if judged by the pre- 
dictive risk criterion, i.e., (1) with Q = X'X, as 
HZW contend. That is, in our problem with J = 6, 
there do exist choices of the shrinkage fector ‘a’ 
that, when used in the Stein-like estimators sug- 
gested by HZW, produce an estimator which domi- 
nates the OLS estimator and is minimax under the 
predictive risk measure. Because an objective of 
our original problem was to obtain precise predic- 
tions of agricultural output, consideration of predic- 
tive performance was relevant. 

We should point out that using the midpoint of 
the interval for ‘a’—recall (3)—in our case where 
J = 6, T = 27,and К = 8, results in a choic2 of the 
shrinkage factor equal to .190, and not .286, as 
utilized by HZW. The choice of the midpoint of the 
interval has special significance when the zeneral 
Stein-like estimator is used—see HZW, equation 
(4), for it represents the choice of the shrinkage 
factor that results in the Stein-like estimator with 
smallest predictive risk, regardless of the degree of 
error in the restrictions imposed. However, unlike 
the general Stein-like estimator, the positive-part 
estimator—see HZW, equation (7)—is such that 
there does not exist a choice of 'a' in the irterval 
(3), which is optimal from the predictive risk 
standpoint, because the risk functions of the posi- 
tive part estimators can cross for various chotzes cf 
‘a’. Nonetheless, it is known that the positive part 
estimator dominates the general Stein-like es- 
timator in predictive risk for corresponding cLoices 
of ‘a’. Using the midpoint value of ‘a’ = .19), we 
calculate the general Stein-like or positive part es- 
‘imates (they are numerically identical in this сазе! 
Zor our production function to be 


(4) у = .0930 L42235 1.9274 K-1833 
exp {—.0238, — .0020D,t — .0012D,t + .000$D,!}, 


which are in contrast to the estimates presented by 
HZW. 


? We note in passing that neither the Stein-like parameter esti- 
mates computed by HZW nor those reported in (4) appear to be 
t3eoretically plausible. Both labor elasticity estimates imdicate 
well in excess of a 1% increase in output for a 1% increase ir labor 
imput, which strikes us as exhorbitant for the relatively abor- 
a»undant, low-wage Thai agricultural economy. The returns to 
scale estimates, 1.8482 in HZW and 2.5332 in (4), also greatly 
exceed theoretical expectations and empirical estimates вепегаПу 
fcund in the aggregate production function literature. Both 3teia- 
like technology coefficient estimates are negative, implying tech- 
nological decay in Thai agriculture between 1950 end 1976 
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Now that the Stein-like estimates of the param- 
eters, which dominate OLS estimates in predictive 
risk, have been defined, the question is whether 
they should be utilized for prediction or the re- 
stricted least squares estimates should be used.? 
What are the most important benefits and costs of 
using the Stein-like estimator as opposed to using 
the restricted least squares estimator? The obvious 
advantage of the Stein-like estimator is that it is 
known to dominate the OLS estimator in predictive 
risk regardless of the validity of the constraints— 
how much better the Stein-like estimator is relative 
to the OLS estimator of course depends on how 
close the constraints are to being true (as measured 
by the size of the noncentrality parameter asso- 
ciated with the F-test of constraint validity). How- 
ever, there is a potential cost to be paid for obtain- 
ing this guaranteed dominance. The Stein-like es- 
timators do not dominate the restricted least 
squares estimator in predictive risk (nor in squared 
error risk). There is a subset of the parameter space 
where the constraints are nearly correct (small 
noncentrality parameter) and where the restricted 
least squares estimator can beat the Stein rule es- 
timatcrs in risk measure quite handily. For exam- 
ple, in a case such as ours with J = 6, T = 27, and 
K — 8, if the constraints imposed were actually 
correct, the general Stein-like estimator would have 
over twice the risk of the restricted least squares 
estimator.* A graphical illustration of these rela- 
tionships is presented in figure 1 comparing OLS, 
restricted least squares (RLS), and the general 
Stein-like estimator when the shrinkage factor in 
zhe Stein-like estimator is chosen to be (J ~ 2)/(T — 
К + 2j, the midpoint of the interval in (3). 

In application, the researcher never will know 
"with certainty whether the restricted least squares 
or Stein-like estimator is superior with respect to 
predictive risk (or squared error risk). If the re- 
searcher is completely ignorant of the validity of his 
constraints. we must agree with HZW that Stein- 
Ike estimators, when they provide minimax alter- 
ratives to OLS, are attractive in terms of risk prop- 
erties. In our case, although we feel there is a priori 
evidence to support zero restrictions on the dummy 
variables representing differential technological 
progress over government planning periods, we 
have little basis for presuming the validity of the 
zero restrictions on linear combinations of the pa- 
remeters imposed by the deletion of three principal 
components. Faced with this ignorance, one might 
have suspected that we would find the suggestion of 


' Following the terminology of HZW, when we refer in this 
remly to the restricted least squares estimator of the aggregate 
ag-icultura! production function in our previous work, we are 
referring to the restricted least squares estimator represented by 
ou- principel components regression estimator (model 5 in table 2, 
Mttelhammer et al., p. 202). 

< The асла! predictive risk for the restricted least squares es- 
timator is 2. and for the general Stein-like estimator, 4.381, in a 
сазе such as the one described, with the noncentrality parameter 
being zero (the constraints are correct). 
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Figure 1. General predictive risk comparisons 
between OLS, RLS, optimal general Stein-like, 
and Sclove-type pretest estimators 


the Stein-like estimators appealing. However, we 
were left with an uneasy feeling that we might be 
foregoing an opportunity for lowering predictive 
risk by choosing the Stein-like estimator as opposed 
to the restricted least squares estimator in this case. 
For example, with reference to figure 1, we find that 
in our problem the general Stein-like estimator's 
risk function crosses the risk function of the re- 
stricted least squares estimator when the noncen- 
trality parameter equals 2.64 = A*. The calculated 
F-value corresponding to the six restrictions im- 
posed on the parameters of our production function 
specification was 1.27 (see Mittelhammer et al., 
p. 202, table 2). With reference to the noncentral F 
density with 6 and 19 degrees of freedom, and non- 
centrality parameter А = 2.64, we find that P[Fs,s; 
À = 2.64 = 1.27] = .703. Thus, there is very strong 
sample evidence supporting the hypothesis that 
À x 2.64 and that the restricted least squares es- 
timator is superior to the general Stein-like es- 
timator in predictive risk. However, it is admittedly 
sample evidence of superiority and not an un- 
equivocal guarantee. Furthermore, if we were to 
base our choice of estimator on a noncentral F-test 
of predictive risk superiority, a pretest estimator 
would be defined of the Sclove, Morris, Radhak- 
rishvan form (see Judge and Bock, p. 189). An 
illustrative graph of a typical predictive risk func- 
tion for the Sclove-type pretest estimator is in- 
cluded in figure 1. The pretest estimator would 
choose the restricted least squares estimator in our 
case for all critical levels of the risk superiority test 
associated with probabilities of type I error <.703. 
While the pretest estimator has the advantage of a 
bounded risk function (the restricted least squares 
estimator has unbounded risk), it is seen in figure 1 
that the potential for gains over the Stein-like es- 
timator is eroded. The exact position of the risk 
function depends on the choice of critical point for 
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the superiority test where, roughly speaking, higher 
critical values pull the risk function of the pretest 
estimator towards the restricted least squares risk 
function (see Judge and Bock, chap. 3). 

In light of the preceding discussion, it might ap- 
pear prudent to accept the Stein-like estimates (4) 
as formidable competitors to the restricted least 
squares estimates for prediction purposes. In the 
absence of any further information on the location 
of the noncentrality parameter, the researcher 
might be. wise to choose conservative estimates 


. generated by the Stein-like estimators suggested by 


HZW. However, two final observations on the be- 
havior of the Stein-like estimator motivate us to 
discard the Stein-like estimates and retain our re- 
stricted least squares estimates for use in deriving 
policy conclusions in our original research. First, 
we were alerted to the necessity of subjecting the 
Stein-like estimator to further scrutiny by the bla- 
tantly unrealistic decomposition of agricultural 
growth between conventional inputs and technolog- 
ical advance implied by the Stein-like estimates. 
Specifically, with reference to our original table 4 
(Mittelhammer et al., p. 208), the conventional 


` input share of increased agricultural output using 


the Stein-like estimates is calculated to be 238.4%, 
while the share due to technological progress equals 
—138.4%. Searching out an explanation for these 
rather startling results derived from estimates with 
supposedly attractive predictive risk properties, we 
found an answer in the definition of the predictive 
risk function itself. The Stein-like estimator is 
known to dominate the OLS estimator in predictive 
risk measure, where the predictive risk measure (1) 
with О = X'X is measuring expected squared dis- 
tance between f$ and B in the X'X metric, or equiva- 
lently, expected squared Euclidean distance be- 
tween the vectors $ and E(y|X). As such, the pre- 
dictive risk measure is relevant to predictions made 
conditional on the historically observed X matrix. 
The measure is a useful one and was of direct rele- 
vance in our case since output predictions for years 
included in the data set were required for the de- 
composition of agricultural growth. However, the 
decomposition calculation also required a predic- 
tion using 1976 levels of conventional inputs to- 
gether with 1950 levels of the technology proxy 
variables, a set of values for the explanatory vari- 
ables which was not in the data set X and is a 
situation quite removed from historical precedent. 


We defined a risk measure of the form (1), where. 


О = Х« Xx and Xx was the (n + 1) X К matrix 
comprised of the original X matrix with an addi- 
tional row representing the appropriate explanatory 
variable values for this historically unprecedented 
situation. Thus, the new predictive risk function 
also measures the performance of the prediction of 
the expected value of agricultural production condi- 
tional on 1976 levels of conventional inputs and a 
1950 level of the technology proxy. The bounds for 
the shrinkage factor utilized in the Stein-like es- 
timator in this special case can be shown to equal 
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Ј-2 +2 ] "E 

= = a a ee A — 2). 
б) 0жа=2| P. 2|/(r K+2), 
where yj = x,44 SC!R'(RSR')? RS! X',,; апа 
Ха is the row of explanatory variable values 
added to the X-matrix. The calculated upper bounc 
in our problem was found to equal —.0944, and thus 
the Stein-like estimator is not useful for the precic- 
tion purposes of our study. 

In concluding, we contend that the researcher 
plagued by severe multicollinearity is unlikely tc 
find comfort by mechanically appealing to a single 
estimator whose principal virtue is dominance over 
OLS in some sense, be it the Stein-like estimator or 
some competitor. We believe our arguments above 
underscore the need to exercise sound case-by-case 
judgment in selecting estimators. Such judgment 
should include the definition of risk functions ap- 
propriate to the intended application of the results. 
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It should akso include an honest assessment of the 
reiability cf any imposed constraints. 


[Received January 1981.] 
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An Economic Evaluation of Alternative Peanut Policies: 


Delayed Reply 


W. L. Nieuwoudt 


In his ''Comment," Trapp concludes- that the year 
1973 on which the peanut model of Nieuwoudt, 
Bullock, and Mathia (1976b) is based (hereafter 
called NBM) is atypical for the peanut market be- 
cause high oilseed prices (soybeans and cotton) 
during 1973/74 shifted the peanut demand to the 
right for that year. More specifically, he concludes 
that where the NBM model predicts an increase in 
peanut production and gross revenue if the peanut 
program were abolished, the opposite will happen 
under more typical conditions. As evidence, he 
showed that production costs of peanuts exceeded 
estimated open market prices during 1970-76 ex- 
cept for 1973/74. Trapp's comment raises several 
questions which will be examined. It will be shown 
that his theoretical argument ignores a supply shift, 
and that his cost data include substantial rents. 


Interrelationship between Supply and Demand Shifts 


The main shifters in Trapp's peanut demand models 
are soybean and cottonseed prices. According to 
soil maps and opinions of peanut experts, about 1.4 
million acres currently under soybeans (Southeast) 
and about .6 million acres under cotton (Southeast 
and Southwest) are suitable for peanut production 
(Nieuwoudt et al. 19762). Peanuts and soybeans 
have similar agronomic characteristics; for exam- 
ple, rotation with other crops such as corn (South- 
east) is recommended by the Extension Service in 
the interest of weed control. Fleming and White 
(1975) estimated regional supply functions for 
peanuts showing that gross income from soybeans 
and cotton are important shifters of peanut supply. 
A depressed oilseed market is thus expected not 
only to shift the peanut demand to the left, as illus- 
trated by Trapp (figure 2), but should shift the 
peanut supply to the right. Theoretically the supply 
shift could be greater, smaller, or equal to the de- 
mand shift. A supply shift which offsets the demand 
shift would keep the ordering of Pm, Pe, and Po 
unchanged (Trapp, p. 109) leaving the conclusions 
drawn in the NBM study unaltered. Trapp's theo- 
retical discussion creates a one-sided view by only 
focusing on a demand shift while ignoring a possible 
corresponding supply shift. 


W. L. Nieuwoudt is an associate professor in the Department of 
Agricultural Economics at the University of Natal, Pieter- 
maritzburg, South Africa. 


Trapp quotes cost and marketing data to support 
his theoretical analysis. The data he used will be 
examined in relation to the NMB study. 


Opportunity Cost of Peanuts 


Trapp included land charges in his costs of produc- 
tion (U.S. Department of Agriculture ESCS 
budgets) to ellow for opportunity income of other 
crops. The question is whether the data that he 
used, .correctly reflect opportunity income of 
peanut production. According to him, his land 
charges figures ‘‘are largely exclusive of the effects 
of peanut allotment rentals upon land price since 
peanut acreage constitutes a small percentage of the 
land used in these areas." Evidence will be shown 
that contradicts this statement implying that peanut 
allotment rentals are a significant component of 
peanut cost of production quoted by Trapp. Ac- 
cording to the USDA report (USDA ESCS Report, 
15 June 1979), ‘cropland values for 1977 by crop- 
reporting districts were weighted by crop acreages 
in these districts to arrive at a separate land value 
for each crop for each State" (p. 3). Peanuts are 
grown in the United States in certain well-defined 
localities. In these specific areas, peanuts are one of 
the most important crops. Calculating land rents 
(land costs} using such a weighting procedure im- 
plies that the land cost figure determined for 
peanuts would include peanut allotment rents to an 
important extent. The USDA-ESCS report states 
further that composite land costs ‘‘include the value 
of land as well as the value placed on the peanut 
allotnent" (p. 34), and that cost as measured for 
individual commodities is a derived total. In this 
context, income per acre equals costs per acre be- 
cause all rents are accounted for (Euler theorem). 
A fall in cilseed prices as Trapp describes would 
have tended to increase peanut allotment rents as 
reflected in peanut budgets because of past peanut 
support prices, while opportunity costs of growing 
peanuts would have fallen. The sum total of land 
and allotment rents would not have changed. 

To gain an impression of these opportunity costs, 
land costs for the main crops grown in peanut areas 
as reported in USDA-ESCS budgets are sum- 
marized in table 1. The data are revealing. Land 
cost figures included in USDA-ESCS peanut 
budgets are substantially higher than land cost in- 
cluded in budgets for substitute crops in the same 
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areas. For example, while land costs per acre in 
budgets for the main peanut substitutes in the 
Southeast for 1978 varied from $43 to $49, cost of 
land in peaaut budgets were, respectively, 3140 and 
$121 for the Georgia and North Carolina areas. This 
confirms the above conclusion that peanut land 
costs in peanut budgets (USDA-ESCS budgets, 
1974—79) include substantial allotment rents. A bet- 
ter estimate of the opportunity costs of peanuts, for 
example in the Southeast, would be land costs 
(rents) of soybeans, corn, and to a lesser extent 
cotton and wheat. 

If open market prices of peanuts exceed peanut 
costs in a given area, then if allotments are termi- 
nated, some allotment rents will be captured as land 
rents, and rent of peanut land (excluding allotment) 
should increase above current opportunity costs. 
This situation is depicted in Nieuwoudt's and Bul- 
lock's studies for all peanut areas except the nonir- 
rigated peanuts in Texas. If Trapp's alternative 
conclusions are valid, however, then peanut land 
rents would fall to below current opportunitv costs 
(Bullock, case 2). To investigate whether free mar- 
ket prices exceed peanut costs as Trapp has done, it 
thus appears reasonable to estimate peanut oppor- 
tunity costs by prevailing rents of land of substitute 
crops as in table 1. 


Allotment Transfers 


Trapp (p. 108) states that in the NBM model, con- 
stant marginal cost of production is assumed while 
in actuality, the market for peanut allotments is less 
than perfectly competitive because peanut allot- 
ments can be transferred only within county bor- 
ders. On the contrary, because data for fifty-nine 
resource areas were built into the NBM model, the 
ohenomenon that peanut transfers are only per- 
mitted within county borders was one of the impor- 
zant checks on the validity of the NBM model (table 
4), because allotment rents for counties could be 
compared with shadow prices on the model allot- 
ment constraints. The marginal cost curve for 
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peanut production generated within the NBM 
model is positive sloping because individual re- 
source areas included in this model have different 
comparative advantages, as is evident from differ- 
ences in allotment rents. The long-run equilibrium 
price (free market) is only equal to the local average 
cost of production in a given county as generated 
within the model in the sense that the portion of 
peanut allotment rent transferred to land for the 
given county, in the form of a shadow price on land, 
is included in cost of production. 

Trapp compared national cost data, determined © 
as a weighted average of costs of production in 
current production areas, with open market peanut 
prices. In a free market, production would flow to 
lower cost areas, and production costs would fall. 
This phenomenon was incorporated in the NBM 
model. National cost data may overstate free mar- 
ket costs of production to a significant extent. 
Using cash rent data published in the USDA-ESCS 
reports and opportunity costs as measured in table 
1, it is estimated that peanut prices (1977) need to 
fall by 5.4 cents per pound before peanuts would 
disappear from Georgia while in Texas it needs to 
fall .5 cents per pound. The NBM study estimated 
that peanut prices (1973) need to fall by 6.2 cents in 
Georgia, 1.30 cents in Texas dryland, and 3.9 cents 
Zor Texas irrigation before peanut production would 
disappear, which shows important differences in 
regional cost (opportunity cost inclusive). 


Fall in Gross Revenue 


‘Trapp concludes that where the NBM study 
showed an increase in gross revenue received from 
peanut sales, under more typical conditions it 
would decline. His argument creates the impression 
ілаї producers according to the NBM model would 
te better off under a free market situation, while his 
s-udy points to the opposite. This is not the case, as 
the NBM study estimates on pp. 490 and 492 (table 
7: that producer surplus of all crops under free 


Table 1. Costs Allocated to Land of Crops Grown in Peanut Areas 





Southeast ($ per acre) 








Peanuts 
Georgia, 
Year NC/VA Alabama Soybeans Com Cotton 
1379 49.4 52.5 45.5 
1978 121.2 140.2 46.2 49.1 42.6 
1977 113.9 122.5 43.0 44.1 35.6 
1976 100.3 83.5 41.3 45.8 41.3 
1975 79.7 88.6 38.3 41.1 38.3 
1974 93.8 70.4 36.9 41.3 36.6 








Southwest 
($ per acre) Opportunity 
Cost (g/Ib.) 
Grain 
"Wheat Peanuts Sorghum Southeast Southwest 
46.7 30.5 1.65 1.76 
41.7 43.3 28.6 1.56 1.82 
38.9 48.3 26.7 1.53 1.73 
41.6 39.4 25.5 1.58 1.56 
43.2 40.4 30.9 1.37 1.91 
NA NA 30.8 1.37 1.96 





Note: Based on estimated current value of cropland multiplied by current in:erest rates on Federal Land Bank mortgage loans. Data not 
available for 1970-1973. All data obtained from USDA ESCS budgets "or subsequent years. 


Nieuwoudt 


market conditions would be lower than under the 
current program. 

If dollar sales from peanuts are actually lower 
under a free market situation, as Trapp concludes, 
then producer surplus also would be lower, which is 
in accordance with the NBM study although the 
magnitude of change would have been more. This 
clearly does not contradict the findings of the NBM 
study seen in the spirit in which policy objectives 
were evaluated. The NBM study states on p. 489, 
“No claim for the precision of these estimates is 
made. However, the consistent estimation proce- 
dures used across policy alternatives should pro- 
vide a good measure of the relative impact each 
alternative has in the various dimensions.” 

Peanut sales and producer surplus for peanuts 
only were numbers reported in a table in the NBM 
study (p. 490), but it was never mentioned in the 
text as it was considered unimportant in relation to 
the theme of the paper. The objective of the paper 
was the evaluation of policies using criteria such as 
producer surplus (all crops), treasury loss, social 
costs, etc. The reason producer surplus of all crops 
fell in the NBM study while peanut sales expanded 
in the free market alternative is attributed to the 
loss in producer surplus of products displaced as 
captured in a programming model. If export prices 
exceed peanut costs (opportunity cost inclusive), 
peanut sales may in fact be more under a free mar- 
ket situation. This hypothesis cannot be tested 
using time-series data because time-series peanut 
supply functions cannot be estimated. 

While a fall in peanut sales would still fall within 
the spectrum of conclusions arrived at in the NBM 
study, a reduction in peanut acreage (Trapp's other 
point) would seriously contradict estimates of the 
NBM study. The latter point will be further exam- 
ined. 


Free Market Prices for Peanuts 


Trapp estimated ‘‘open’’ market prices for U.S. 
peanuts from local demand functions for edible and 
crushing peanuts as reported by Song; Song, 
Franzmann, Mead; Fleming and White (1975, 
1976). The Song model is based on the period 
1952-1972 and the Fleming model on the period 
1960—1973. These models ignored the export mar- 
ket. Exports increased significantly during 1970— 
1979 and exceeded crushings for oil since about 
1973, except for 1975 and 1976 when ''toll"" crush- 
ing occurred. The dramatic increase in peanut ex- 
port prices during 1970—79 could also not be fore- 
seen by the Song and Fleming models. Export 
prices of U.S. Runner peanuts increased threefold 
from 1970 to 1979. 

There is also a mathematical problem in the way 
the Song and Fleming models were employed be- 
cause Trapp's open market prices are below crush- 
ing prices. If the open market price is derived from 
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crushing and edible demand functions, then the 
open market price determined in such a way must 
lie between the actual crushing and edible peanut 
prices of corresponding years if available supplies 
on the local market for those years аге taken 
as given. Trapp reported ''estimates of open mar- 
ket clearing prices for actual peanut production 
levels... ." 

Only the larger peanut kernels are suitable for 
export as edible peanuts, and it does appear rea- 
sonable that the net export price would have been 
close to the crushing price and slightly better during 
the period, because if the crushing price is higher 
more peanuts would be crushed. The U.S. share in 
the world peanut market is about 1896 (Fleming and 
White 1976), and world peanut prices should be a 
good indication of U.S. free market prices. It can 
thus be concluded that U.S. free market prices for 
the period 1970-1979 would have been close to ac- 
tual crushing prices. Trapp's estimates of free mar- 
ket prices were generally well below actual crush- 
ing prices; for example, the actual crushing price in 
1973 was 12£ per pound, but the free market price 
was estimated at 9.88¢ per pound. 

To test Trapp’s statement that free market peanut 
production would decline, new data need to be pre- 
sented on export prices and costs, which fall out- 


.side the scope of this Reply. According to The 


Overseas Farmers Co-operative (London), export 
prices of U.S. Runner peanuts increased from 9.1g 
per pound in 1970 to 27.]g per pound in 1979. If 
USDA ESCS cost data are adjusted using opportu- 
nity cost data as presented in table 1, it appears 
possible that U.S. peanut production may have ex- 
panded under free market conditions for most of the 
years during the period 1970-79, contrary to 
Trapp's conclusion. 

The main criticisms of Trapp's study are that 
although he used official USDA budgets, allotment 
rents are reflected in peanut costs while the export 
market was also ignored, although exports ex- 
ceeded crushing since 1973 except for 1975 and 
1976 when “Чо?” crushing occurred. 


[Received August 1980.] 
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Proceedings 


The Agricultural-Food Policy Agenda for the 1980s 
(Robert С. F. Spitze, University of Illinois, Presiding) 


Reconciling Agricultural Pricing, 
Environmental, Conservation, Energy, and 


Structural Concerns 


Marshall A. Martin 


After two decades of relatively stable prices, 
stagnant export growth, and relatively cheap 
energy, U.S. agriculture underwent a series of 
dramatic changes in the 1970s. Commodity 
prices rose sharply in the mid-1970s in re- 
sponse to shortfalls in world grain production, 
devaluation of the dollar, and increased ex- 
ports to the USSR. Actions in October 1973 
and since by the Organization of Petroleum 
Exporting Countries (OPEC) resulted in sharp 
increases in the price of petroleum. Prices of 
agricultural inputs derived from petroleum 
such as nitrogen fertilizer and pesticides also 
have risen. 

These and other economic forces (e.g., 
technological change, tax policies, and infla- 
tion) have encouraged established farmers to 
expand the size of their operations to take 
advantage of scale economies and to increase 
farm income. Other farmers, especially middle 
size operations and beginning farmers, have 
been confronted with sharply higher capital 
requirements as land values and other input 
costs have risen faster than commodity prices. 
Consequently, the structure of agriculture has 
continued to change, with fewer farmers pro- 
ducing an increasing share of. total output 
(Economic Report of the President, pp. 309- 
12; see also Martin and Spitze). 
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Throughout the post-World War II era, 
cropland has been used more intensively with 
dramatic increases in land productivity. Rapid 
expansion in the application of fertilizer and 
agricultural chemicals has made a major con- 
tribution to the increase in land productivity 
(Economic Report of the President, pp. 309- 
12). However, some of these chemicals have 
been found to be harmful to the environment 
and/or human health. And there are doubts 
about some still in use. In some cases their use 
has been banned or restricted. Also in recent 
years, as land has been used more intensively 
and as marginal land has been brought into 
production, there have been increasing prob- 
lems with soil erosion and sedimentation in the 
nation's waterways. 

High petroleum prices and increased U.S. 
dependence on foreign sources has stimulated 
interest in the use of grain and biomass for the 
production of ethanol as an alternative source 
of fluid energy. Expected growth in ethanol 
production will place additional strains on the 
nation's resource base, especially cropland. 

As a result of these changing economic con- 
ditions, the principal food and agricultural pol- 
icy issues of the 1980s are likely to be: 

(a) How can we reduce price and income 
variability in a growing and more interdepen- 
dent world market? 

(b) To what extent will government protect 
returns to land and other fixed resources? 

(c) How can we reconcile the private and 
social costs and benefits of conservation and 
environmental concerns? 

(d) To what extent will agricultural output 
be devoted to ethanol production? 

(e) What level of financial support will be 
given to agricultural research? 


Copyright 1981 American Agricultural Economics Association 
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(f) Eow will public policy be used to shape 
the stricture of agriculture? 

This article provides an interpretive sum- 
mary of these policy issues and tries to recon- 
cile the interplay and conflicts among them.! 
The primary focus of the discussion is on the 
implications for future land policy. 


Price and Income Policies 


Despite recent growth in foreign demand 
which tends to te price elastic for a particular 
country such as the United States, the short- 
run demand for U.S. farm products is still 
price inelastic. Greater dependence on foreign 
markets can contribute to increased domestic 
price and incomes variability. U.S. export de- 
mand can vary due to changes in world ag- 
riculturel production, changes in exchange 
rates, or decisioas made by marketing boards 
or authorities in centrally planned economies 
(Spitze and Martin; Schuh; Robinson). 

Wide swings іл product prices not only re- 
sult in fluctuaticns in farm income, but also 
Bive erroneous production and consumption 
signals. Farmers have greater difficulty formu- 
lating optimal production decisions. This re- 
sults in inefficieat resource allocation. Price 
uncertainty also affects consumer behavior 
and can lead to consumer unrest, especially in 
periods of sharpty rising prices. 

In a market 2conomy, changing relative 
prices are necessary to allocate production 
and inflLence consumption. The question is: 
How much price and income stability is eco- 
nomically, socially, and politically desirable? 

Severel price and income policy innovations 
were adopted in the 1970s. The Agriculture 
and Consumer Protection Act of 1973 intro- 
duced a two-tiered government price and in- 
come support system. Target prices have been 
used to provide some income protection by 
means of deficiency and disaster payments. 
Loan rates prov:de a price floor. They are 
used to determine the value of nonrecourse 
loans for eligible farmers and are utilized in 
operatior al rules for release of grain from the 
farmer-owned grein reserve. 

Although the target price levels have been 
adjusted twice by Congress since the passage 
of the Fcod and Agriculture Act of 1977, the 
basic legislative irtent is to adjust target prices 
based on changes in per unit costs of produc- 
tion. The 1977 Act also replaced the historical 


1 In analyzmg a framevork for food and agricultural policy for 
the 1980s, Lee describes a similar set of emerging issues. 
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farn acreage allotments with a voluntary set- 
aside procedure based on current plantings. 

another major policy innovation in the 1977 
Ac. was the concept of a farmet-owned grain 
reserve. The primary objectives of the grain 
res2rve are to help stabilize commodity prices 
anc to help insure adequate supplies for export 
sales and food aid. Eligible farmers, after re- 
ceiving а nonrecourse loan, may elect to store 
the r grain for up to three years and receive a 
prepaid storage payment and some interest 
anc farm storage loan concessions. Farmers 
геігіп ownership of the grain and make the 
find marketing decisions Бш сап бе influenced 
by penalties. The grain reserve program pro- 
vides farmers with incentives to store in pe- 
riocs of low prices for later sale when prices 
rise. A release and call price procedure based 
on percentages of the loan rate is used to 
encourage gradual release of the grain from 
the -еѕегуе back into normal market channels. 
(Fo- a detailed discussion of farm commodity 
legislation in the 1970s, see Tweeten, Martin 
and Spitze.) 

Tae demand for grain for export sales and 
for 2thanol production is expected to expand 
in the 1980s. At the same time there are likely 
to te additional restrictions on the use of ag- 
ricw.tural chemicals as well as efforts to en- 
courage soil conservation measures resulting 
in a more modest growth in the supply of ag- 
ricu tural products. Consequently, commodity 
pricss are likely to rise, thereby reducing the 
likelihood that set-aside measures will be im- 
posed in the decade ahead? Target prices and 
deficiency payments will become relatively 
less important as policy instruments. 

Tke major price and income policy i issue of 
the 980s likely will focus on the level of the 
loan rates and the use of the grain reserve to 
stablize prices. Loan rate levels will be de- 











?Scme preliminary estimates by Jerry A. Sharples, using 
FEELSIM, suggest that a high rate of export demand growth— 
contin.iation of rates іп the 1972-80 period—and low growth in 
productivity. 1.5 and 0.4 bushels per year growth in average corn 
and scybean yields, respectively, would result in substantially 
higher теа] corn and soybean prices in the 1980s. Both corn and 
soybezn prices would increase at an annual rate of 13%. He 
assums d a 2% annual growth in corn demand. This could be higher 
depending сп expected growth in ethanol production. About 20 
million additional acres would be required for these two crops 
alone :y the mid-1980s. Sharples estimated that even if yields 
increased at the rate experienced since 1960 (2.0 and 0.5 bushels 
per acre per year for corn and soybeans, respectively), growth in 
domestic demand at the same rate as in the 1970s, and export 
growth: at һай the actual rate of the 1972-80 period, real corn and 
soybean prices would increase at an annual rate of 495—595 and 
about 4 million additional acres would need to, be brought into 
com ard soybean production by the mid-1980s. See Holland and 
Meekh-f for more detail on the FEEDSIM model. 
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termined largely by budget considerations, re- 
lationship to world market prices, changes in 
production costs, influence on the acquisition 
and release of grain in the farmer-owned re- 
serve, and possible structural impacts. 

The public’s conception of the price and 
income problem also may change. Prior to the 
1970s, the perceived problem was low and 


falling farm prices and income. The public was : 


willing to provide some farm price and income 
support. During the 1980s, the public's main 
concern likely will be directed toward rising 
food prices for consumers and rising produc- 
tion costs for farmers. The legislative focus 
probably will be on means to stimulate pro- 
duction, enhance competitive pricing to help 
restrain inflation, and encourage export sales. 


Environmental and Conservation Issues 


Our present problems of environmental pollu- 
tion result from more intensive use of our 
natural resources, particularly land and water. 
And a better educated, better informed, more 
affluent, and more mobile population has de- 
manded improved standards of environmental 
quality. These pressures led to congressional 
approval in the 1970s of various new regula- 
tory agencies and laws (see Paarlberg). 

Sediment is the largest single pollutant of 
surface water. Soil erosion losses have been 
estimated as high as 4 billion tons a year, with 
one billion tons reaching the major rivers. 
About half of this erosion is from agricultural 
lands. Annual soil losses from cropland range 
from one to 100 tons per acre, depending on 
the crop system, management practices, rain- 
fall, soil characteristics, and topographic fea- 
tures (Wischmeier). 

Sediment is also an important carrier of 
plant nutrients, pesticide residues, and infec- 
tious agents. Plant nutrients from soils, animal 
wastes, and fertilizers have contributed to 


local problems of excess aquatic growth 


(eutrophication) and nitrate contamination of 
ground water supplies. 

Approximately one million acres of prime 
farmland (0.396 of cropland currently in pro- 
duction) are converted each year to urban 
uses (Brubaker). Consequently, farmers will 
need to use more variable inputs, such as fer- 
tilizer and pesticides, and/or bring additional 
marginal land into production as they seek to 
expand agricultural output to meet the ex- 
pected growth in export and domestic de- 
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mand. This will exacerbate problems of soil 
erosion and sedimentation. 

Only about 3096 of the sediment load comes 
from cropland where changes in tillage sys- 
tems can reduce sediment loss. The greater 
portion of the sediment load comes from non- 
cropland, e.g., construction sites, grazing 
land, and waste land (Paarlberg). 

Wade and Heady estimate that it would cost 
$13.4 billion annually to reduce the sediment 
load from cropland by 90%. However, such 
reduced tillage and conservation efforts on 
cropland would leave the noncropland unaf- 
fected. Consequently, the total sedimentation 
load would only be reduced by about 23%. 

There is little economic incentive in the 
shortrun for an individual farmer to adopt 
those conservation practices that may reduce 
short-run production and increase costs, par- 
ticularly if the land is farmed under a short-run 
rental or lease arrangement. Consequently, 
land tenure arrangements often do not fully 
reflect the externalities associated with cur- 
rent tillage practices. However, as land values 
and energy costs have risen in recent years, 
farmers have adopted tillage practices that re- 
duce soil loss and energy use. 

In order to internalize the externalities as- 
sociated with nonpoint pollution, a joint effort 
among farmers and the government will be 
necessary. Some type of governmental incen- 
tives will be needed to encourage farmers to 
discontinue fall plowing of certain soils, use 
contour farming techniques, and take marginal 
land out of production. Farmers who follow 
recommended soil conservation practices 
could be guaranteed a conservation diversion 
payment or become eligible for certain farm 
commodity program benefits. (Benbrook pro- 
vides an excellent summary of alternative 
ways to integrate farm commodity programs 
and soil conservation efforts. He also explores 
some of the institutional implications.) 

Various researchers (Headley and Lewis; 
Taylor and Frohberg; Cashman, Martin, 
McCarl) have examined the economic impacts 
of restrictions on pesticide use. The short-run, 
farm-level and aggregate losses in production 
and income are generally small if the use of 
only one or two of the primary pesticides is 
prohibited. However, as the number of pes- 
ticides banned is increased, production losses 
increase substantially. In many cases farmers 
must turn to different crop rotation systems or 
higher-cost, less effective pest control prac- 
tices. The irony of potential pesticide bans is 
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that, given the inelastic, short-run demaad for 
most agricultural products, further restrictions 
on pesticide use could affect consumers more 
adversely than farmers. 

Environmental and conservation issues are 
certain to be major policy concerns in the 
1980s. Farmers and environmentalists often 
perceive great differences in their goals and 
points of view. A reduction in soil loss is in the 
long-term interest of farmers, consumers, and 
environmentalists. Alternative ways must be 
found to equate private and social costs and 
benefits. A combination of taxes and subsidies 
can be used to reduce soil erosion and ag-icul- 
tural pollution. 

Integrated pest management, biological con- 
trols, znd better cultural practices potentially 
can recuce pesticide use and production costs 
withou: major reductions in production. Fu- 
ture pclicy efforts to reduce soil erosion and 
agricultural pollution will require additional 
research knowledge on the interface between 
pesticide use, energy requirements, and soil 
losses. Also, research efforts on the envi- 
ronmertal impacts of continued growth in ex- 
port and domestic demand for grains should be 
given high priority. 


Energy Policy 


Growing scarcity of global energy supplies will 
present a major challenge to U.S. agriculture 
in the decade ahead. Scarce liquid fuel 
supplies and rising prices could significantly 
alter resource use, cropping patterns, and the 
level of agricultural production. This could re- 
sult in changes in relative commodity prices, 
farm income, food prices, and regional com- 
parative advantage, especially if grains and 
biomass are used increasingly to prodice 
ethanol. 

Such a scenario raises a number of new 
policy questions. Some are related to conflicts 
between resource use for food versus fuel 
production. Others involve the environmental 
implicatons of increased use of land, water, 
and other scarce resources to meet growing 
food and fuel demands. 

Currently, the food sector accounts for 
16.5% of total U.S. energy consumption. Fro- 
duction agriculture directly and indirectly uses 
about 325 of total U.S. energy use. Thus, re- 
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dactions in energy use in production agricul- 
ture will have only a minimal impact on the 
nitional energy problem. 

About 9396 of the energy used in production 
agriculture is derived from petroleum. Fer- 
tizer composes about one-third of the energy 
ured in agricultural production. Fuel for irriga- 
tien and natural gas for crop drying are two 
other major forms of liquid energy used in 
agricultural production (Paarlberg). 

Various proposals have been made to re- 
dice the amount of energy used in production 
agriculture, e.g., more crop rotation, less use 
of nitrogen fertilizer, and less reliance on ar- 
tif cial crop drying. While such practices have 
merit in certain circumstances, jn many cases 
such approaches would result in lower yields 
ar higher production costs per acre and per 
urit of output.^ | 

The major energy challenge: for U.S. ар- 
riculture in the 1980s will involve the produc- 
tion of ethanol from grain and agricultural by- 
preducts. Production of ethanoliis particularly 
attractive to grain farmers because it could 
increase the demand for grain and thereby in- 
crease their incomes. ; 

initially, a gasohol program was viewed by 
some people as a way to alleviate grain 
surpluses and eliminate the need to pay farm- 
ers to idle farm land. Increasingly, it is being 
vie-ved as a way of increasing farm income, 
gererating employment, and reducing U.S. 
dependence on imported oil. 

Feed grain and wheat set-aside and diver- 
siox acres totaled 16.7 million and 10.5 million 
acres in 1978 and 1979, respectively. This 
acreage could have produced about 972 mil- 
lior. bushels of grain in 1978 and 550 million 
busaels in 1979. At a conversion rate of 2.6 
gallons per bushel, this implies 2.5 and 1.4 
billion gallons of ethanol in 1978 and 1979, 
respectively, or an average of 1.95 billion gal- 
lons per year. This represents about 296 of 
annal gasoline consumption in the U.S. 

Meekhof, Tyner, and Holland have exam- 
ined the economic implications of eliminating 
all sət-aside and diversion programs and using 
a prce guarantee for major grain crops. They 
assume that the government would buy the 
grain at or above the loan rate and subsidize its 


i 
4 A rational energy policy in a market economy suggests that 
effort: to reduce energy use in agricultural production should 
reflect changes in relative prices and should not be based on an 


"enerzy theory of value” that only seeks to minimize аддана 
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conversion into ethanol. The subsidy would 
make the wholesale price of gasohol roughly 
equivalent to unleaded gasoline. 

Alternative levels of ethanol production 
were analyzed ranging from 1 to 4 billion gal- 
lons of ethanol (0.4 to 1.5 billion bushels of 
corn). Levels of 1 to 2 billion gallons had rela- 
tively little impact on corn and soybean prices, 
production, exports, and domestic disappear- 
ance. Levels of 3 to 4 billion gallons tended to 
increase corn prices substantially, reduce corn 
exports, reduce domestic disappearance, and 
increase price instability of both corn and soy- 
beans. Increased supplies of distillers dried 
grain, a high protein by-product, reduced the 
demand for soybeans thereby reducing the 
acreage planted to soybeans. 

While the production of alcohol from ag- 
ricultural crops may be politically and eco- 
nomically attractive, there are also potential 
problems. Unless the cost of alcohol produc- 
tion becomes more competitive with that of 
petroleum, large federal and state subsidies 
would be required to encourage gasohol pro- 
duction. Currently these subsidies are about 
$0.50 per gallon of ethanol. In the context of 
the Meekhof, Tyner, and Holland study, this 
would imply a total annual gasohol subsidy of 
$0.5 to $2.0 billion. For comparison, total gov- 
ernment farm program payments in 1978 were 
$3.0 billion—the highest level since the late 
1960s and early 1970s. 

Another concern raised by some is the po- 
tential conflict of food versus fuel production. 
Brown argues that there could be a massive 
diversion of agricultural resources to energy 
production at a time when efforts to expand 
world food output are losing momentum, food 
prices are increasing, and malnutrition is in- 
creasing in some less developed countries. 
However, most of the poor people in the less 
developed countries are employed in agricul- 
ture and could benefit from higher farm com- 
modity prices if their governments do not fol- 
low cheap food policies which distort market 
prices. 

Current U.S. ethanol production facilities 
are designed to use corn as a feedstock. Dur- 
ing the 1980s other feedstocks are likely to 
increase in importance. Diversification of 
feedstocks to lower-cost, nonfood sources 
should reduce the conflict of food versus fuel. 
Also, there should be less soil erosion as 
biomass replaces corn as the principal 
feedstock. 

Major efforts to stimulate gasohol produc- 
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tion in the decade ahead will require reexam- 
ination of current farm policy including supply 
management programs, export policy, food 
aid efforts, and price stabilization policies. A 
major challenge to policy makers will be to 
provide subsidies and policies that are 
sufficiently flexible to provide adequate incen- 
tives to expand food and fuel production with- 
out causing significant land and environmental 
deterioration or undue hardships on low in- 
come consumers, particularly in the less de- 
veloped countries. 


Structural Debate 


The structure of American agriculture has 
been a source of concern for many for several 
decades. Structural change has been occurring 
among the agricultural marketing industries as 
well as in the economic organization of ag- 
ricultural production. The marketing concerns 
include imperfect competition, increased con- 
centration, and market power. These will con- 
tinue to be important policy issues in the 1980s 
but lie beyond the scope of this article. 

The most commonly cited structural prob- 
lem is farm size and the concentration of ag- 
ricultural production (Stanton). Since 1950 the 
number of farmers in the United States has 
declined by half and the average farm size has 
more than doubled (USDA). Gardner (1980) 
has shown that in 1978 the smallest 40% of 
U.S. farms accounted for less than 2% of 
sales, while in 1940 the smallest 40% produced 
8% of the sales. In contrast, the largest 20% in 
1978 produced 80% of sales, while in 1940 they 
produced 64% of sales. 

Many factors have contributed to structural 
change. They include: technical change in 
farm production, changes in product and fac- 
tor markets, tax laws, macroeconomic poli- 
cies, the competitive nature of the sector, and 
farm commodity programs (Gardner 1978). 

Several studies have documented the dis- 
tributional implications of farm commodity 
programs on farm structure (Bonnen; 
Schultze; Lin, Johnson, Calvin). Because 
subsidies or deficiency payments are based on 
production, larger farmers receive larger pay- 
ments. In 1978, almost half of the $2 billion of 
deficiency payments went to 10% of the farm 
program  participants—those with larger 
farms. By contrast, 50% of the farms—the 
smaller units—received only 10% of the pay- 
ments. Thus, farm commodity programs have 
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increased the inequality of the distributicn of 
income in agriculture. What is not clear is. the 
extent to which commodity programs have 
changed farm structure. 

Some argue that price support programs in- 
crease average size and concentration of farm 
production units. It is hypothesized that aigh 
price supports generate windfall gains for the 
larger producers enabling them to ошый 
smaller producers for land. However, concep- 
tually, the optimal size of a competitive ürm 
(assuming perfect markets) is independent of 
product price. With imperfect capital markets, 
small operations may reap less benefits taan 
larger ones from high price supports. 

It has also been argued that farm progrems 
reduce price risk (Pope and Gardner). Risk 
reduction can increase specialization. Net 
farm income as a percentage of total income is 
. greater on larger-scale operations. Thus, price 
stabilization by means of farm commocity 
programs could encourage a shift to larger- 
scale, specialized farms. 

On the other hand, it has been argued that 
farm commodity programs make it possible Zor 
smaller, higher-cost farmers to stay in busi- 
ness (Gardner 1978). Price supports help 
cover variable costs and increase the returns 
to fixed resources. In fact, this has been one of 
ihe historic justifications of farm programs. 

In the 1970s there was considerable rhetoric 
to reduce payment limitations. Few participat- 
ing farmers (0.2% in 1978) have been affected 
by payment limitations. Efforts likely will con- 
tinue to limit payments to larger producers. 
Alternative arrangements include graduated 
target prices which favor small producers or 
even no target price support fcr the larger 
producers. 

The level and stability of commodity prices 
may influence future structural change, e.g., 
price support programs can result in higher 
land values and alter land ownership patterrs 
(Boehlje and Griffin). However, tax policr, 
credit policy, and the rate of technological 
change may have greater impacts on future 
changes in farm structure than farm commoc- 
ity programs. 


Reconciling the New Policy Agenda 


Efforts to reconcile the policy objectives and 
issues raised in this article all impinge ов 
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chenges in land policy. Thirty years ago 
Schultz first noted the declining relative eco- 
nomic importance of agricultural land as new 
prcduction technologies were being adopted. 
A continuing stream of new energy-and-land- 
saving technologies will be necessary in the 
cecade ahead if growth in agricultural output 
is t» match the expected expansion in agricul- 
tarel demand without major increases in real 
commodity prices. Even then; agricultural 
land policy will be an important policy issue. 
(ter related land policy issues include for- 
egr and corporate ownership and the con- 
tinued shifting of prime agricultural land into 
noragricultural uses.) 

Restrictions on pesticide and. fertilizer use 
tc meet new environmental standards tend to 
reduce land productivity. At the same time, 
expanding export demand coupled with efforts 
tc p-oduce ethanol derived from energy crops 
is eacouraging expansion of agricultural pro- 
ducwon and bringing more land into produc- 
tion This increases the threat of further soil 
ems on and environmental pollution. 

Rsing land values have exacerbated farm 
structure problems (USDA). Beginning farm- 
ers cre finding it increasingly difficult to ac- 
quire sufficient capital to enter farming. Estab- 
lished farmers are confronted with compli- 
cated estate-planning problems and potentially 
high capital gains taxes. Future increases in 
reel commodity prices will result in even 
higher land values and further structural 
chanze. 

= challenge to researchers and policy 
makers is to develop simultaneously a new 
conceptual framework and new institutional 
arranzements to deal with the various issues 
on the emerging food and agricultural policy 
agenca of the 1980s. Historically, agricultural 
polcies have been analyzed and legislation 
has emerged in a rather eclectic fashion. And, 
existing government agencies and institutions 
were designed to cope with problems of ex- 
cess capacity and agricultural surpluses, not 
pro»lems of resource scarcity. 

Effcrts to expand agricultural production to 
meet crowing food and energy demands with- 
out zaasing serious environmental damage will 
requir» a much more integrated policy ap- 
ргогсі at the federal, state, and local levels. 
Land ownership and its use is likely to form 
the rax of the food and agricultural policy 
chalerge of the 1980s. 


Martin 


References 


Benbrook, Charles. '' An Examination of the Fledgling Al- 
liance of Soil Conservation and Commodity Price 
Support Programs." North Cent. J. Agr. Econ. 
2(1980):1-16. 

Bochlje, Michael, and Steven Griffin. ‘Financial Impacts 
of Government Support Price Programs.'' Amer. J. 
Agr. Econ. 61(1979):285—96. 

Bonnen, J. T. “Тһе Distribution of Benefits from Selected 
U.S. Farm Programs.'' Rural Poverty in the United 
States. A report by the President's National Advisory 
Commission on Rural Poverty. Washington, D.C., 
May 1968. 

Brown, Lester R. Food or Fuel: New Competition for the 
World's Cropland. Washington, D.C.: Worldwatch 
Institute Pap. No. 35, March 1980. 

Brubaker, Sterling. ‘‘Land—The Far Horizon.” Amer. J. 
Agr. Econ. §9(1977):1035-44. А 

Cashman, Christopher M., Marshall A. Martin, and Bruce 
A. McCarl. Impacts of Pesticide Withdrawal on a 
Typical Indiana Farm: An Economic Analysis. Pur- 
due University Agr. Exp. Sta. Bull. No. 291, Oct: 
1980. 

Economic Report of the President. Washington, D.C., 


1980. 

Gardner, B. L. “Public Policy and the Control of 
Agricultural Production.” Amer. J. Agr. Econ. 
60(1978):836—43. 





. "Structural! Changes in Farming." Analysis of 
Food and Agricultural Policies for the Eighties, ed. 
R. G. F. Spitze and Marshall A. Martin. North Cent. 
Reg. Res. Pub. 271, and University of Illinois Agr. 
Exp. Sta. Bull. No. 764, Nov. 1980. ` 

Headley, J. C., and J. N. Lewis. The Pesticide Problem: 
An Economic Approach to Public Policy. Washing- 
ton, D.C.: Resources for the Future, 1976. 

Holland, Forrest D., and Ronald L. Meekhof, FEEDSIM: 
Description and Computer Program Documentation. 
Purdue University Agr. Exp. Sta. Bull. No. 221, Mar. 
1979. 

Lee, John E., Jr. “А Framework for Food and Agricul- 
tural Policy in the 1980's." S.J. Agr. Econ., по. 1 
(1980), pp. 1-10. 

Lin, William, James Johnson, and Linda Calvin. Distribu- 
tion of Farm Program Payments: Do Payment Lim- 
itations Make Any Difference? Washington, D.C.: 
USDA ESCS, Mar. 1980. 

Martin, Marshall A., and R. G. F. Spitze. ‘‘Policy Envi- 


Agricultural-Food Policy Agenda for the 1980s 315 


ronment and Alternatives." Analysis of Food and 
Agricultural Policies for the Eighties, ed. R. G. F. 
Spitze and Marshall A. Martin. North Cent. Reg. 
Res. Pub. 271, and University of Illinois Agr. Exp. 
Sta., Bull. No. 754, Nov. 1980. 

Meekhof, Ronald, Wallace E. Tyner, and Forrest D. Hol- 
land. ‘0.5. Agricultural Policy and Gasohol: A Pol- 
icy Simulation." Amer. J. Agr. Econ. 62(1980):408- 
15. 

Paarlberg, Don. Farm and Food Policy: Issues of the 
1980’s. Lincoln: University of Nebraska Press, 1980. 

Pope, К. D., and B. D. Gardner. ''The Structure of Ag- 
riculture and Risk." Market Risks in Agriculture: 
Concepts, Methods, and Policy Issues, ed. P. Barry. 
Texas Agr. Exp. Sta. DTR 78-1, July 1978. 

Robinson, К. L. ‘‘Unstable Farm Prices: Economic Con- 
sequences and Policy Options.” Amer. J. Agr. Econ. 
57(1975):769—77. 

Schuh, G. Edward. ‘The New Macroeconomics of Ag- 
riculture." Amer. J. Agr. Econ. 58(1976):802-11. 

Schultz, T. №. “А Framework for Land Economics— The 
Long View.” J. Farm Econ. 33(1951):204-15. 

Schultze, Charles L. The Distribution of Farm Subsidies: 
Who Gets the Benefits? Washington, D.C.: The 
Brookings Institution, 1971. 

Spitze, R. G. F., and Marshall A. Martin. ''Farm Prices 
and Income.” Analysis of Food and Agricultural Pol- 
icies for the Eighties, ed. R. G. F. Spitze and Mar- 
shall A. Martin. North Cent. Reg. Res. Pub. 271, and 
University of Illinois Agr. Exp. Sta. Bull. No. 764, 
Nov. 1980. 

Stanton, B. F. ‘Perspective on Farm Size.” 
Agr. Econ. 60(1978):727-37. 

Taylor, C. Robert, and Klaus K. Frohberg. ‘‘The Welfare 
Effects of Erosion Control, Banning Pesticides, and 
Limiting Fertilizer Application in the Com Belt." 
Amer. J. Agr. Econ. 59(1977):25-36. 

Tweeten, Luther G. Foundations of Farm Policy, 2nd ed., 
(rev.). Lincoln: University of Nebraska Press, 1979. 

U.S. Department of Agriculture. Agricultural Statistics. 
Washington, D.C., 1980. 

Wade, James C., and Earl O. Heady. ‘‘Controlling Non- 
point Sediment Sources with Cropland Management: 
A National Economic Assessment.” Amer. J. Agr. 
Econ. 59(1977):1324. 

Wischmeier, W. H. ‘‘Cropland Erosion and Sedimenta- 

- Чоп. Control of Water Pollution from Cropland, 
Volume H—An Overview, chap. 3. Washington, 
D.C.: USDA and Environmental Protection Agency, 
June -1976. . 


Amer. J. 


i 
| 
| 
| 
l 
| 
| 


The Farmer-Owned Reserve: How Is the 
Experiment Working? 


William H. Meyers and Mary E. Ryan 


The vclatile behavior of grain markets in the 
early 1970s sparked discussions and research 
on policies to stabilize grain markets апі as- 
sure fcod security. The U.S. farmer-owned 
grain reserve, instituted in 1277, is an out- 
growth of those debates and studies. Тһе re- 
serve has functioned for three years, and a 
preliminary appraisal сап now эое made. In this 
paper, we briefly review the background and 
provisions of the program in sections one and 
two; fccus on farmers' response to the pro- 
gram and implications for grain markets in sec- 
tions three and four; and finally, look at rrob- 
lems and prospects for the future. 


Background 


Instability has become: particularly acute in 
the U.S. grain economy because of the in- 
creasing level and variability of U.S. exports, 
the insulation of important foreign markets 
from world price fluctuations, and the reluc- 
tance of the United States to erect trade bar- 
riers to protect domestic markets. Thus, good 
and pocr growing conditions around the world 
and pol:cy shifts by trading partners and com- 
petitors have a destabilizing impact on U.S. 
grain markets. Because weather and other na- 
tions' policies are beyond the control of the 
United States, other means must be sougit if 
the government desires to alleviate the conse- 
quences of destabilizing influences. The litera- 
ture is rich with studies on the welfare eff2cts 
of stabilization and on national and inte-na- 
tional stabilization schemes (Houck and 
Ryan). Our purpose is not to debate these 
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issues or alternatives but to study the one 
stzbilization program that has been given a 
trial run. 

The U.S. farmer-owned grain reserve 
(FOR) was instituted for wheat and rice on 4 
April 1977, after several weeks of intensive 
plenning by the Carter administration. Al- 
though the administration acted under author- 
ity of existing legislation, Congress affirmed 
the action by mandating a producer-owned 
program for wheat and rice and by authorizing 
a similar feed grain reserve іп ће Food and 
Agriculture Act of 1977 (Johnson). These ac- 
ticns made the FOR the first serious U.S. ex- 
pediment with a managed, national reserve 
pregram. 

-n making annual decisions about the grain 
reserve and other crop program provisions, 
the administration's goal is a total grain carry- 
over of 696—796 of world consumption. Cur- 
rertly, this means targets of about 1,100 and 
1,500 million bushels for wheat and corn, re- 
spectively. In addition to the FOR, the other 
mejor program for managing grain supplies is 
the acreage set-aside. The annual nonrecourse 
Іогп and concessional export programs are 
also part of the package. Under current mar- 
ket conditions, the FOR has a central role 
because, among these instruments, only it can 
prcvide some protection against shortages. 


Prcgram Provisions 


Nire-month, nonrecourse loans and three- 
year FOR loans are both available to eligible 
farmers (those in compliance with crop pro- 
grams) at the loan rate specified for the crop 
uncer contract. Farmers retain ownership of 
gram used as collateral for such loans. There 
the similarities end. The major àdded benefit 
of the FOR is an annual storage subsidy pay- 
ment approximately equal to commercial stor- 
age costs in major grain-producing states. 
Since March 1978, FOR loans have also been 
interest-free after the first year. The interest 
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charge was waived completely on 1979 crop 
contracts signed after the 1980 embargo of 
grain shipments to the USSR. 

The major added constraints are those that 
control the redemption of reserve grain. The 
nine-month loans may be redeemed at any 
time. Voluntary redemption of FOR grain is 
permitted only after farm prices reach a spec- 
ified ‘‘release level." After the second con- 
secutive monthly release, storage "payments 
may be suspended.' Redemption is mandatory 


when farm prices reach a specified ''call: 


level" or the contract expires. If the loan is 
not repaid within a specified period (currently 
ninety days) after it is ‘‘called,’’ the grain is 
forfeited to the Commodity Credit Corpora- 
tion (CCC). Although the initial loan rate is 
fixed, the release and call triggers for all con- 
tracts are a fixed percentage of the current 
loan rate, which normally increases over time. 
The minimum release price for CCC-owned 
grain is currently 5% above the call level of 
FOR grain, making CCC inventories a reserve 
of last resort. 

Initially the FOR option was available to a 
farmer only after his nine-month loan ma- 
tured. This requirement was relaxed selec- 
tively in 1978 and finally was removed com- 
pletely for all crops in October 1979. Now 
direct entry to the reserve is permitted except 
when it is in ‘‘call’’ status or has reached a 
quantity limit that may be set by the Secretary 
of Agriculture. This change is important, be- 
cause it makes reserve quantities more re- 
sponsive to current market conditions. 

In summary, a flexible set of incentives and 
disincentives is designed to induce farmers to 
place grain in the reserve when market prices 
are near or below the release level and to 
redeem grain when prices are between the re- 
lease and call levels. The government has no 
control over the farmer's decision to sell or 
hold the grain after it is redeemed, although in 
many cases a cash sale may be required to 
repay the loan. The FOR participant sacrifices 
some control over the reserve grain in ex- 
change for a substantial reduction in carrying 
cost and risk. 


Farmer Response 


Farmer response to the FOR program involves 
decisions on whether or not to participate, the 
! Payments stop if the difference between state price and loan 


levels is greater than the difference between the national release 
and loan levels. 
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level of grain placements, whether or not to 
redeem grain when it is released, and the 
amount to be redeemed. A farmer's placement 
and redemption decisions are influenced by 
the program provisions, grain use options, 
price expectations, storage costs, and factors 
that affect risk-bearing ability. — 

An aggregate response of farmers to the re- 
serve program can be conceptualized based on 
the factors influencing the individual decision 
(Meyers and Jolly). Placements are likely to 
be small at prices near the release level and 
increase monotonically as price falls. Simi- 
larly, for prices above the release level, re- 
demptions are expected to increase as price 
rises. These price-quantity relationships add a 
new component to farm inventory behavior, 
related to but quite different from demand for 
‘free’ stocks. Very little is known about the 
parameters of these relationships, but it is 
clear that the response elasticities are influ- 
enced by program provisions and farmer ex- 
pectations. 

Annual data on wheat and corn reserve op- 
erations provide evidence of farmer response 
as program provisions and market conditions 
have changed (table 1). By the end of 1977/78, 
substantial quantities of both grains had been 
placed in the reserve, although early place- 
ments were sluggish as farmers waited for 
nine-month loans to mature. 

Wheat placements were small in 1978/79, 
when prices were closer to the release level, 
and 1978-crop wheat was not eligible for direct 
entry. Wheat was released in May 1979, and 
storage payments were halted on 30 June. 
More than 200 million bushels were redeemed 
(most before loan and trigger levels were 
raised in January), but substantial quantities 
remained in the reserve without the benefit of 
storage payments. Prices during the heavy re- 
lease activity were well above the $3.29 re- 
lease level; but after the trigger levels were 
raised, new placements occurred, and the net 
decline for the year was 143 million bushels. 
Wheat loan and trigger levels have been raised: 
substantially for 1980/81, so a few placements 
are anticipated in spite of a higher price level. 

The release and call levels for feed grains 
were set to span a smaller range than that for 
wheat, largely to moderate input price vari- 
ability in the livestock industry. One result of 
the narrower trigger range is more frequent 
movements in and out of release status for 
corn (and even more for minor feed grains). 

The average price of corn in 1978/79 was 
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FOR Placements, Redemptions, Net Change in Reserves, Prices, and Trigger Levels, 








Table 1. 
1977/78 to 1980/81 
1977/78 

Wheat 
Total placements? 342 
Total redemptions” 0 
Net FOR change 342 
Net CCC change 48 
Farm price 2.33 
Call level* 3.94 
Release level* 3.15 
Loan rate 2.25 

Corn 
Total placements" 315 
Total redemptions” 0 
Net FOR change 315 
Net CCC change 12 
Farm price 2.02 
Call level* 2.80 
Release level 2.50 
Loan rate 2.00 





1978/79 1979/80? 1980/81" 
———----- (million bushels) ------------ ------ 
51 67 n.a. 
0 —210 n.a. 
51 — 143 20 
2 150 —10 
M ($/bushel) --------------------- 
2.98 3.82 4.08 
4.11 4.38-4.631 5.25-5.55 
3.29 3.50-3.75% 4.20-4.50 
2.35 2.504 3.00 
--—------- (million bushels) —------------------- 
425 350 n.a 
-200 — 140 n.a. 
225 210 —750 
88 160 0 
------2------ (S/bushel) --------------------- 
2.25 2.50 3.25 
2.80 2.94-3.05% 3.15-3.26 
2.50 2.634 . 2.81 
2.00 2.104 2.25 





a USDA estimate, 12 Sept. 1980. Midpoint of price range is used ‘or 1380/81. 


> Estimates based on monthly USDA reports. 


€ Due to changing provisions, contracts have differing trigger leveb. 


* The 1978/79 levels prevailed until 7 Jan. 1980. 


midway between the release and loan levels, 
and FOR carryover increased by 225 million 
bushels. In 1979/80, net placements are ex- 
pected to be about the same, although the 
average price is near the release level. In both 
years placements were large during the first 
nine months. In early 1978/79, direct entry 
was temporarily permitted while prices were 
depressed, attracting more than 400 million 
bushels to the reserve. Late in the year corn 
was released for less than two months, and 
nearly 200 million bushels were redeemed. 
Corn was released again in October and No- 
vember 1979, but there were few redemptions. 

Direct entry became a general provision cf 
the FOR in October 1979, so placement of 
1979 corn began early in the year. The rate of 
placements increased as local grain markets 
weakened and more attractive reserve provi- 
sions were announced after the January 1980 
embargo. Loan, release and call levels, and 
storage payments were increased moderately, 
and interest payments were waived com- 
pletely. However, FOR placements were not 
sufficient to meet the administration's com- 
mitment to offset the market effects of the 
embargo. In April, FOR loans were offered 
with interest to farmers who did not partici- 


pate in the 1979 set-aside. By the end of June 
1982, about 350 million bushels of corn had 
been added to the reserve. In July, as prices 
rose in response to poor weather conditions, 
сога was released for the third time. Current 
2stimates anticipate redemptions of 140 mil- 
lion bushels by the end of the crop year. 
The corn reserve is likely to undergo its first 
теа! test under shortage conditions in 1980/81, 
when average price is expected to be above 
the *‘first’’ call level. By current estimates, the 
zorn FOR will be exhausted before October 
1981, and CCC stocks will remain intact. 
Both wheat and corn farmers have re- 
3poaded to program incentives, and the pat- 
zern of their response is clearly affected by 
chaaging program provisions and market con- 
ditions. Placements were constrained in 
.977/73, but in other years have occurred at 
prices well above loan rates, especially when 
direct entry was permitted. Redemptions 
sometimes have occurred at prices well below 
call levels, but many farmers continue to hold 
reserve grain in anticipation of higher prices 
ever when storage payments are suspended. 
Tae Secretary of Agriculture has broad dis- 
cret.onary authority over program provisions, 
which can raise or lower the rate of response. 
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Yet, program administrators must operate 
with a substantial degree of uncertainty about 
farmer response and, consequently, about 
whether program objectives can be achieved. 
This uncertainty leads to frequent tinkering 
with program provisions when the desired re- 
sponse is not forthcoming. 


Market Implications 


Two major objectives of the FOR are to 
stabilize price variability within a fairly broad 
range and to increase the reliability of U.S. 
supplies for export and domestic use. The 
FOR adds a price-responsive component to 
the market and thus increases the elasticity of 
total market demand when the FOR is open 
for placements or redemptions. Clearly this 
has the effect of reducing price variability both 
across years and within years. By the same 
reasoning, the FOR increases the elasticity of 
export supplies. Thus the operation of the 
FOR creates a fundamental change in the 
structure of grain markets, which alters the 
market impact of shifts in government policies 
and other exogenous shocks. We employ a 
simple annual model to explore the interaction 
of the FOR with market supply and demand 
and to generate a preliminary estimate of the 
impact of the FOR on corn and wheat markets 
from 1977/78 to 1980/81. 

For comparison purposes, an alternative 
policy assumption is needed. The 1977 Act 
provides an alternative policy for feed grains, 
and we will assume the same for wheat—a 
nonrecourse loan program with a CCC release 
level of 115% of the loan rate.? All other policy 
decisions are held constant in this analysis. 

The interaction of the FOR with annual 
market supply and demand is illustrated in 
figure 1 and compared with that of the alterna- 
tive nonrecourse loan program. Annual net 
placement behavior for the FOR is rep- 
resented by a truncated ‘‘s’’-shaped function 
in the positive quadrant. It is truncated by the 
constraint on new placements (M) that may be 
imposed by the Secretary of Agriculture. An- 
nual net redemptions are represented by an 
**s"-shaped function in the negative quadrant. 
The level of reserves at the beginning of the 


2 The 1977 Act sets the CCC release level for feed grains at 
11596 of the loan rate if the Secre:ary of Agriculture does not 
activate the FOR. This alternative also represents a practical 
minimum level of government intervention under which govern- 
ment inventories accumulate only through loan defaults and are 
released as soon as possible thereafter. А 
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year (QR,) limits total redemption. The alter- 
native program is represented by a perfectly 
elastic government demand at the loan rate 
and a perfectly elastic "supply" at the CCC 
release level. The latter is constrained by the 
beginning level of CCC stocks (QC). 

The equilibrium price in this model is de- 
termined by the intersection of a stochastic 
excess market supply (ES,) with the appropri- 
ate reserve stock relationship. If the release 
price is set at the long-run market equilibrium, 
the expected excess market supply is rep- 
resented by ES, where free supply and de- 
mand are in balance at prices near the release 
level and there is little FOR activity. Iu this 
context, ES; and ES; represent the variability 
of excess market supply given world surplus 
and shortage conditions, respectively. If there 
is a market surplus, reserves are accumulated 
by the FOR at prices between the release and 
loan rate (point A). A shortage in the market 
leads to redemption and sale of FOR grain at 
prices between the release and call levels 
(point C), although the illustration shows that 
not all sales necessarily occur below the call 
level. 

Jt is clear that the range of price variability 
under the FOR program is not determined by 
the loan and call levels but depends crucially 
on the factors that determine the response 
functions. These functions may lie above or 
below those illustrated in figure 1. For exam- 
ple, if the FOR provisions are attractive and 
long-term price expectations are high relative 
to current prices, reserves may accumulate 
rapidly and hold prices well above the loan 
rate. If price expectations are weak and the 
disincentives for holding grain at prices above 


the release level are large, redemptions may 


occur rapidly and keep prices well below the 
call level. 

With only the CCC inventory program, the 
given range of market conditions (ES, to ES) 
is likely to generate a wider range of equilib- . 
rium prices than that obtained with the FOR. 
Under the surplus scenario, price would be 
near the loan rate, more grain would be con- 
sumed, and less stockpiled (point D). Because 
less accumulation occurs during surplus pe- 
riods, the reserve would in general provide 
less protection in periods of severe scarcity 
(point F). There are several caveats to this 
generalization. First, the extent of divergence 
between points A and D or points C and F 
depends on program provisions and the other 
factors that influence the FOR response func- 
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ES, is procuction plus beginning free stocks less total demand for 
domestic consumption, exports, and free stccks; M is government 
limit on new placements; QR, is FOR stocks at beginning о> year; 
QC, is CCC stocks at beginning of year. 


Figure 1. The farmer-owned reserve and al- 
ternative CCC programs under differing supply 
and demand conditions 


tion. Second, without the FOR, the adm nis- 
tration and Congress would be under greater 
pressure to raise loan rates and increase crop 
set-asid2 when surplus conditions exist. Third, 
the graphical comparison is static rather -han 
dynamic and does not take into account the 
effect of reserve stocks on free stock leves or 
the effect of altered prices on productior. 

In the dynamic analysis below we cont.nue 
to hold other policy actions constant but zake 
account of the production response to chang- 
ing price levels and the effect of reserve sock 
levels on free stock demand. Although we do 
not kncw the position of the FOR response 
curves, the annual historical observations 
define points such as A, B, aad C on these 
unknown relationships. From these observed 
points, we generate points such as D, E, and F 
under the alternative program by assuming 
price elasticities for the components of excess 
Market supply. 

The fve-equation model abstracts from all 
supply and demand shifters except FOR and 
CCC-owned stocks. The latter are assumed to 
influence private inventory demand. 


(1) Excess market supply (identity): 


ES; = QP, + Ql, — QD, — QL 
(2) Domestic and export demand: 
QD, = D(P;) 
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Ending free stock demand: 

QI, = ҚР,, QR:, QC) 
Equilibrium condition (identity): 
ES, = QR, — ОК, + QC; - QC, 
Production response: 

OP unt = S(P,), 


where P is market price, QC is ending CCC 
stocks, and QR is ending FOR stocks. 

in 1976/77 both FOR and CCC inventories 
weze zero, so our analysis begins in 1977/78. 
FCR stocks are reduced to zero in each year, 
anc the operating rules for the alternative pro- 
gram are imposed.? These changes affect cur- 
rert utilization, free stocks and price; the last 
infEiences production for the following year. 
The price elasticities assumed for consump- 
tion, free stocks, and production are —.3, 
—L0, and 0.2, respectively. · 

The effects of FOR and CCC inventories on 
fres stock demand (J, = d1/dQR, I; = 01/9QC) 
are important in this analysis, and few empiri- 
cal measures are available. Clearly if these 
coefficients are —1.0, the operation of a re- 
serve has no effect whatever on total stocks or 
on price. Gardner demonstrates with an op- 
timization model that public stockpiling re- 
duces the expected gains from private storage 
anc thereby reduces private stock demand. 
Empirical estimates of the shift in free stock 
denand caused by such an expectations effect 
for CCC inventories range from —.32 per 
bushel for corn to —.09 per bushel for wheat 
(Gzllagher et al., Baumes and Womack). Be- 
cause of the wider band between the loan rate 
anc release prices for both FOR and CCC 
gra n under the current program! the expecta- 
tioms effect may well be smaller than the his- 
tor-cal estimates indicate. On the other hand, 
thece may be added effect from farm level 
substitution between FOR and free stocks. 
The short data series preclude precise esti- 
ma-es of these effects, but the first such esti- 
mae by Sharples and Holland indicates an 
aggregate substitution effect of —.13 per 
bushel for FOR wheat. They attribute this ef- 
fec to an on-farm substitution between FOR 


3 "о “hold other policies constant," we take the actual year- 
to-ycar change in CCC stocks (ACCC) as given. (This is necessary 
to a:count for special purchases after the Jan. 1980 embargo.) 
Ther, ‘ 


OC, = ОС, + ACCC, ` 


unle s the equilibrium price falls below the loan or rises above 
1159 of the loan; QC, increases to ‘‘protect’’ithe price floor and 
decr=ases to "'protect" the release level until reserves аге 
exhzisted. 
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and free stocks, but it also could be partly or 
entirely a measure of the expectations effect. 
Our analysis assumes that J, = J, and uses 
coefficients of —.2 and —.4 to provide a fairly 
conservative range of FOR impacts. 

The results for the period 1978/79 to 1980/81 
are summarized in table 2.4 For both crops the 
elimination of the FOR results in a higher price 
variance, lower total stocks, lower reserve 
levels, and higher free stocks. Effects on pro- 
duction over this period were relatively small, 
but the changes in stock levels were substan- 
tial. Without the FOR, grain stocks as a per- 
centage of utilization in 1980/81 would ap- 
proach the levels experienced in 1973/74 for 
corn and 1974/75 for wheat, and all reserves 
would be exhausted. As expected, a smaller 
impact is obtained when a higher rate of sub- 
stitution (—.4) between reserves and free 
stocks is assumed. 

In the case of wheat, average annual stock 
levels are 200 to 240 million bushels lower 
without the FOR, and free stocks are 100 to 


* Although 1977/78 was included in the analysis, FOR activity 
was not significant until the latter half of the year and had little 
impact on prices or stock levels. FOR placements essentially 
replaced CCC defaults in 1977/78, so this did affect the realized 
value of farm production. 
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200 million bushels higher. Average reserve 
levels with the FOR account for nearly half of 
total stocks. Without the FOR, reserves are 
very small, because the lower release price of 
$2.70 allows reserves to decline in 1978/79. 
What remains is exhausted in 1979/80. Wheat 
prices without the FOR are about $.30 lower in 
1978/79 and $.50 to $.80 lower in 1979/80, but a 
sharp rise in prices occurs in 1980/81 as stocks 
are drawn to near pipeline levels. 

Corn without the FOR shows a 180 to 230 
million bushel decline in average annual 
stocks and a 70 to 130 million bushel increase 
in free stocks. Average reserve levels with the 
FOR make up nearly half of total stocks. With 
no FOR, reserves are about 300 million 
bushels lower on average and all reserves are 
exhausted in 1980/81. Prices without the FOR 
are lower in the two years of surplus but rise 
sharply in 1980/81 to levels above the FOR call 
price. 

The impact of the FOR on average price 
seems to be significantly greater for wheat 
than for corn, in part because wheat trigger 
levels have escalated more rapidly. This is 
also reflected in the four-year total value of 
farm production, which was 10% to 15% 
higher for wheat with the FOR and 2% to 3% 


Table 2. Stock and Price Levels with the FOR Compared to Estimated Levels under Alternative 
CCC Program with Different Rates of Substitution between Reserve and Free Stocks (—.2 and 








—.4) 
Wheat Corn 
No FOR No FOR 
With With 
FOR (-.2) (—.4) FOR (-.2) (~.4) 
нн ~ (million bushels) ----- +- -— -— — = m m m m mm me me = = 
Mean levels 78—80 
Production 2,084 2,039 2,051 7,128 7,078 7,091 
Ending stocks 925 685 733 1,286 1,053 1,107 
Free stocks 474 593 660 649 723 781 
FOR stocks 304 0 430 0 0 
CCC stocks 147 73 207 330 326 
1980-81 stocks 
Total 948 583 675 871 628 686 
All reserves 460 0 260 0 0 
---------------------—-- ($/bushels) —-———-—--—-—--—-—-—--—-—-————. 
Farm price 
1978/79 2.98 2.70 2.70 2.25 2.10 2.14 
1979/80 3.82 3.03 3.34 2.50 2.41 2.42 
1980/81 4.07 4.05 4.06 3.25 3.44 3.41 
Mean 3.62 3.26 3.37 2.66 2.65 2.66 
Std. deviation 47 У .56 .42 .57 .54 
------2222222222222----- ($ billion) ------------------------ 
Farm value of 
production 1977-80? 28.5 24.8 25.6 70.3 68.6 68.9 


a FOR grain is counted in the year of sale; wheat reserves remaining in 1980/81 are valued at the release price. 


322 May 1981 


higher for cora. Higher farm prices are par- 
tially offset by lower deficiency payments for 
wheat in 1978 and 1979 and fot corn in 1978. 
Payments over this period under the alterna- 
tive policy would have been $400-$700 million 
higher for wheat and about $300 million higher 
for corn. 

The price-enhancing effects of the FOR dur- 
ing surplus periods benefit all farmers regard- 
less of program participation. Similarly, all 
farmers feel tne price-depressing effects dur- 
iag periods of shortage when reserves are re- 
lzased. FOR participants gain added benefits 
through their storage operations, because they 
are able to carry grain from surplus to shortage 
periods at little or no cost. According to a 
recent survey of corn and wheat farmers, the 
benefits of participation accrue primarily to 
:arge farms with large cash grain решш 
(Meyers, Jolly, Ryan). 

For the purpose of clarity, a шше model 
was used for this analysis. The model could be 
refined to include cross-commodity effects 
among grains and other crops and the interac- 
tion with livestock markets. On balance, the 
omission of these factors results in relaiively 
conservative estimates -of the FOR impacts. 


Problems and Prospects for the 1980s 


The farmer-owned reserve experiment has 
shown that this kind of cooperative reserve 
program, combining private incentives and 
public intervention, is a viable approach to 
stabilization. It has reduced price variability 
and increased annual carryover stocks consis- 
tent with stabilization and security objectives. 
Intended or not, it also has raised the average 
price of wheat and the farm value of produc- 
tion for wheat and corn over the period. The 
price-enhancing effect of the program in 
surplus years has shifted some of the income 
support burden from the target price syster. 
(the taxpayer) to the market (the consumer). 
The consumer, in turn, benefits from lower 
prices in years of shortage. The experimental 
phase will not be complete until it is tested 
during a period of shortage. In addition, there 
remain opezational issues and questions of ob- 
jectives to be resolved. 

As with any new program, there have been 
numerous implementation problems with the 
FOR. With experience, such problems are 
being rectiied. A major constraint to the re- 
sponsiveness of reserve placements to market 
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coaditions was removed when direct entry 
was made a general provision, effectively sev- 
ermg the link between the annual loan and 
FOR programs. One remaining potential con- 
straint is the requirement that participants be 
in compliance with announced set-aside pro- 
grams. This can leave the FOR with an inade- 
quate operating base when set-aside participa- 
tion is low, as was the case with corn in 1979/ 
8C. The release and call mechanism has yet to 
be tested under severe shortage conditions, 
although 1980/81 corn may be such a test. It 
may be necessary to impose additional disin- 
centives to encourage redemption between the 
release and call levels and insure an. orderly 
release of grain within this range of prices. 

A key issue is whether the FOR will be used 
s-rictly to stabilize prices around the long-run 
market equilibrium or to raise equilibrium 
price levels. The wheat analysis indicates a 
tendency toward using the FOR as a price and 
income support mechanism. Some policy 
leaders have supported using the release price 
t» keep market prices in line with farmers' 
production costs. Depending on the choice of 
"production costs,” such a policy could trans- 
form the FOR into a high price support mech- 
enism if release levels are set above market 
equilibrium prices. It would move distinctly 
away from the. direct payments approach and 

return to increased reliance on consumers for 
supporting farm income. It would require 
zreater reliance on acreage controls and 
:hreaten to revive all the well-known problems 
associated with supporting prices above mar- 
ket equilibrium levels. 

A pure stabilization approach to the FOR 
would require setting release levels near long- 
run market equilibrium prices while continu- 
ing to use direct payments, if necessary, for 
income support. There would be little or no 
need for a set-aside program. Of course, these 
approaches do not differ if long-run market 
conditions are such as to keep equilibrium 
prices rising with farm production costs. 

Finally, there is the question of size and 
stabilization objectives. The anticipated emp- 
tying of the corn reserve in 1980/81 indicates 
the limited protection afforded by current 
stock objectives. Moreover, the current re- 
serve mechanism does not provide any assur- 
ance that the United States can respond to 
emergency food needs of the third world in 
periods of scarcity, and a special emergency 
wheat reserve for this purpose has awaited 
congressional approval since 1977. If the 
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United States continues to operate the reserve 
unilaterally, it must decide how much stability 
and food security will be provided and for 
whom. Will world prices be stabilized or only 
U.S. prices? Will the supply security objective 
include all export customers, a select few, or 
only the United States? Answers to these 
questions will determine the required size and 
cost of the reserve and whether or not it is 
necessary to adopt other measures, such as 
export management (Cochrane, Martin, 
Spitze) to achieve the objectives. 

There is every indication that a farmer- 
owned reserve in some form will continue to 
be an important instrument in food and ag- 
ricultural policy in the 1980s. It offers a mix of 
stabilization and security benefits and a blend 
of government and private control that have 
won broad support in Congress and is palata- 
ble to many farmers. But the FOR is a flexible 
policy instrument. How the program is used 
will depend to a great extent on who controls 
the program and what objectives are estab- 
lished to guide its operation. 
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A Framework for Food and Agricultur 


Policv for the 1980s 


John A. Schniitker 


Four broad subjects, or areas, will dominate 
food and agriculturzl policy discussions during 
the 1980s. They wifi not necessarily be promi- 
nent in the debate on the 1981 farm bill, how- 
ever, because they may develop slowly during 
the decade. The areas are as follows: 

(а) A perceptible shift toward commodity 

shortages and rising real prices for agricultural 
commodities as the norm for the food and 
agriculture sector. The food and agriculture 
policy agenda during the 1980s will be deter- 
mined largely by the way this situation devel- 
ops. 
(b) The declining role of price and income 
supports and  p-oduction-adjustment pro- 
grams, long the mainstream of federal agricul- 
tural policies. They will remain in the law but 
will be greatly diminished in importance. Oc- 
casional zommodity surpluses may still re- 
quire attention, however, in a general climate 
of strong demánc and rising real prices for 
food and agricultural products. 

(c) How to cope with shortages and rising 
real commodity and food prices to the satisfac- 
tion of farmers, domestic consumers including 
new users, foreign customers, and budget 
planners will become the mainstream of 
domestic and international agricultural policy. 

(d) A grab-bag of concerns, including how 
to get beyond rhetoric in the discussion of 
farm size, farm and rural life, and other areas 
that have been collected under the heading of 
farm structure; how to bring the price support 
and marketing rrograms for dairy products 
closer to the mainstream of food and agricul- 
ture росу; how to manage the increased de- 
mands on land ard water and reinvigorate land 
and water conse-vation programs at the same 
time; how to get other nations to provide a 
portion Df the wcrld's grain reserve; and a host 
of agricultural policy trivia including how to 
estimate cost of production, what to do with 
the estimates, hcw to setloan and target prices 
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thet farmers will have little interest in, how to 
Op2rat2 our reserve programs without making 
ihem entirely incomprehensible, whether the 
food :tamp and school lunch programs are 
ар-іси tural or welfare programs, how to pro- 
сеза cn various food safety issues in the wake 
of the abortive nitrite experience, among oth- 
ers. 


The Shift to Cosmmodity Shortages 


Tae 29605 and 1970s were dominated by com- 
modiy surpluses, with occasional mild remis- 
sions and one three-year period of severe 
‘shortages. Even in that period, the real price 
of cozn in the U.S., for example, rose slightly, 
as 411 the index of prices received by farmers 
for ferm products marketed. During the 1970s, 
food price increases became a significant fac- 
tor im overall inflation for the first time in the 
twertieth century, apart from war periods. 

My view of the world in the 1980s, assuming 
iz is -elatively peaceful and modestly prosper- 
cus, is that demand for agricultural resources 
end commodities, especially land, technology, 
livestock products, and grains and oilseeds, 
will be very strong. Some developing nations 
"il neglect their agriculture because they 
have oil to sell; others will eat their agricul- 
“ura. successes as rapidly as they achieve 
zhen and will need still more food. Rising in- 
comes in relatively advanced developing 
zouatries will cause the demand for livestock 
products to cutstrip their own food produc- 
tior. The demand for grain and other agricul- 
turzl products for use as energy and sweetener 
feedstocks will add to an already strong over- 
all demand. 

Feal prices of agricultural products seem 
likely to rise under such circumstances, both 
to kelp ration the limited agricultural products 
among various users, nations, and processes, 
anc. to let farmers know that more production 
is aeeded. Managing and responding to this 
phenomenon will represent a continuing chal- 
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lenge. It will change what agricultural officials 
worry about from day to day, both in the 
United States and abroad. It need not require 
a vast array of new programs or a new army of 
administrators in the Department of Agricul- 
ture, however. 


Price and Income Supports and Production 
Adjustment Programs in an Era of 
Commodity Shortages 


These programs have been the mainstream of 
food and agricultural policy for many years, 
but they will not retain that position during the 
1980s. Experience from the 1970s tells us that 
conventional price and income support and 
production adjustment programs will be 
mothballed, not discarded, under the circum- 
stances postulated for the next decade. If con- 
ditions change for a few years for one com- 
modity or another, some of these programs 
may be needed again. The basic farm program 
instruments, such as price support loan and 
purchase programs, authority to limit acreages 
of major crops, and to store and later dispose 
of surpluses, probably will be continued for a 
decade or more, even in the economic climate 
Ihave suggested. Intense but usually meaning- 
less debates will erupt occasionally in USDA 
and among farm groups over loan and target 
price levels and acreage diversion programs. 
They seldom will be important. 


Managing Shortages of Agricultural Resources 
and Commodities 


This area will become the mainstream of food 
and agriculture policy during the 1980s. Its 
principal components will be grain reserves 
and export arrangements. Adoption of a pro- 
gram in 1977 to isolate certain amounts of 
grain from the market until prices rise well 
above support levels represents an important 
beginning toward managing shortages in the 
1980s. That program is now the principal price 
support program for grains, a fact that is not 
yet clear to farmers or to the marketplace. It 
helped stabilize prices in 1980 and will provide 
the government some time to prepare for the. 
more direct actions that may be required to 
help achieve national economic objectives in 
case commodity shortages are as severe and 
as chronic in the 1980s as surpluses were in the 
1950s, 1960s, and half the 1970s. 
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U.S. experience in managing commodity 
shortages in peacetime has been chaotic. It 
began in 1973 with official misstatements of 
actual U.S. policy regarding the possible use 
of export controls. Promises were made never 
to limit exports, followed by imposition of ex- 
port embargoes (the worst form of export re- 
straint) for certain agricultural commodities 
when shortages appeared to be more severe 
than had been expected. 

The ability and willingness of the United 
States to limit the volume of exports of 
feedstuffs, especially to countries with high 
meat diets, and the means by which such lim- 
its would be applied may become key ele- 
ments in maintaining adequate supplies of 
grain for all domestic uses at reasonable and 
competitive prices: (a) if the demand for grain 
generally outpaces increases in production; 
and/or (b) if poor harvests іп a number of- 
seasons dissipate reserve stocks in the 1980s. 

Since it has long been U.S. policy to expand 
the volume of agricultural exports, it will re- 
quire a major effort by the U.S. government 
and by farm groups to address the question of 
limiting exports rationally while maximizing 
export earnings from reduced shipments. The 
relatively recent introduction of domestic 
price stabilization to the list of objectives gov- 
erning U.S. agricultural exports and the addi- 
tion of sweeteners in the 1970s and ethanol 
production in the 1980s as high priority domes- 
tic uses for grain are a threat to the achieve- 
ment of the traditional objectives of export 
policy. The recent use of agricultural exports 
as a diplomatic tool has taken us even further 
from past hopes and practice in regard to farm 
exports. 

In this climate, the development of ar- 
rangements with a number of countries under 
which the United States would agree to supply 
a certain volume, but not unlimited quantities, 
of food exports seems likely to become a 
major element of agricultural and trade policy. 
Such an effort would lead inexorably to limits 
on the volume of exports under certain cir- 
cumstances as a matter of policy. 

The United States has had a policy for many 
years to limit exports for economic, national 
security, and foreign policy reasons. Policy in 
respect to the use of restraints on agricultural 
exports was stated in the report dated 25 May 
1976 of the Senate Committee on Banking, 
Housing, and Urban Affairs (to accompany 
S. 3084), and the report of the House of Rep- 
resentatives Committee on International Rela- 
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tions dated 2 September 1976 (to accompany 
H.R. 15377). As stated in the Senate report: 


Under the Export Administration Act, it is ex- 
pressed U.S. policy to use export controls, including 
controls on agrizultural commodities, fo7 both foreign 
policy and national security purposes, as well as For 
purposes of protecting the domestic economy from 
the excessive drain of scarce materials and reducing 
the serious infiationary impact of foreign demand. 


This bipartisan policy was informally rat- 
ified during the 1976 presidential campaign. 
Candidates Carter and Dole emphasized their 
cetermination to avoid the use of export con- 
trols on agricultural products wherever possi- 
ble, but cited the need to use sach controls 
whenever the national interest required it or 
when serious shortages threatened undue 
inflation in the United States. 

The language of the Export Administration 
Act seems to provide for authority to limit the 
export of agricultural commodities, using sup- 
ply or price stabilization criteria. However, 
the wording of the Act is ambiguous, stating 
that exports may not be limited for that pur- 
pose if supplies of the commodities in question 
exceed domestic needs. A practical interpreta- 
tion of the Act would require the Secretary of 
Agriculture to make allowances for expected 
export levels before judging if the remaining 
supply is adequate for all domestic uses, pre- 
sumably at acceptable prices. This language 
. will require early clarification if the conditions 
] have described for the 1980s prevail. 

It may be necessary sometime during the 
1980s to determine and announce the condi- 
tions under which agricultural exports will be 
limited on a continuing basis in pursuit of 
domestic price stabilization objectives and a 
fair apportionment of our export supplies 
among all claimants, including adequate 
supplies for feeding and industrial uses in the 
United States. This would require a funda- 
meníal modification of our policies and our 
rhetoric on free and unlimited exports and of 
our position as a reliable residual supplier. It 
would precipitate a big political fight. 

Our methods of pricing agricultural exports 
surely would come into question under such 
conditions, as larger export earnings become 
essential and possible. ` Relatively shert 
supplies will increase market prices, and that 
would add to export earnings through the 
market. However, the possible need to think 
the unthinkable and to design procedures for 
selling our products into a very demanding 
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world market at a premium over prices pre- 
veiling in the United States should not be over- 
looked. I do not refer here to some kind of 
federal export board or corporation. Such a 
procedure is out of character with our history, 
is demonstrably beyond the ability of our gov- 
ernment to manage, and is not needed because 
present law and existing private marketing in- 
sttutions could quickly adapt to modest revi- 
sions in our export marketing methods. 


Other Policy and Program Issues 


Farm struczure is important even if the results 
o? its consideration are mostly talk and the 
thrill of participation. Perhaps some steps can 
be taken in the 1980s to get this issue beyond 
rhetoric and to help a few thousand farmers. 
We have known for thirty years that big farm- 
ers get most of the commodity program ben- 
erits, that displacement of small farmers often 
was accelerated by federal programs, that a 
very small number and percentage of farmers 
market most of our food commodities, and 
that certain people are more aggressive than 
ozhers in using debt and the tax laws to ease 
their relatives and neighbors out of farming. 
The clock will not be turned back by policy 
rreasures on fifty years or more of farm tech- 
nology, farm consolidation, and the abandon- 
rrent of small towns and other rural infrastruc- 
ture built by our grandfathers. But incentives 
that speeded farm consolidation can be limited 
o7 removed, help can be provided for a few 
more young and small farmers, old farmlands 
can be reclaimed, and new energy and fer- 
tAizer sources can be encouraged. Such mea- 
sires are important, but they will have little 
relationship to commercial agricultural pro- 
duction in the 1980s. 

Neither the price support program nor the 
marketing order program for dairy products is 
in harmony with the programs for other major 
azricultural commodities. Since the 1960s, 
continuous efforts have been made by Con- 
gess and several administrations to reduce 
the level of government activity affecting 
major commodity markets, especially grains 
aad cotton. Restraint in increasing price sup- 
ports has resulted in market prices generally 
a»ove support prices for most other commod- 
ities. These program changes were made to 
take account of the changing structure of these 
producing sectors and of gains in production 
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efficiency, to compete more actively for world 
markets, to provide more opportunity for 
market forces to perform their traditional 
functions, and to insulate the overall economy 
from inflationary impacts arising from agricul- 
tural price and income support programs. 
Congressional action and administration 
lethargy in recent years have moved dairy pol- 
icy in the opposite direction. Milk programs 
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are visibly inflationary, and this needs to be 
remedied in the 1980s. It is a curious anomaly 
that when grain and soybean prices move well. 
above support levels, federal programs are 
Shelved and forgotten; but when milk prices 
do the same, it is taken as a signal to raise 
support levels. It will require a hard political 
fight to modernize the milk programs some 
time in the 1980s, but it needs to be done. 


A Framework for Analyzing Agricultural 
and Food Policy in the 1980s 


Dale M. Hoover 


In a recent paper my colleague E. C. Pasour 
przsented an incisive review of the effects of 
recent public policy in agriculture. He noted 
that there have been large transfers from con- 
sumers to producers, that these benefits have 
tended to be concentrated among farms with 
larger-than-average sales, that benefits fre- 
quently have been capitalized—leaving pres- 
ent farmers with little benefit but vulnerable 
to losses if the programs are given up, and that 
deadweight losses occur as farmers use re- 
sources trying то capture program rents. He 
goes further to note that government's ac- 
tivities may be destabilizing rather than 
stabilizing, and that frequently there will be 
undesired and unintended secondary effects 
on the economy. 

Pasour's paper grows out of a policy frame- 
work that is familiar to economists: welfare for 
a given pattern of resource ownership can be 
maximized by market activity where competi- 
tion exists. In some but not all cases, imper- 
fect government can improve on imperfect 
markets; and when undertaken, the direction 
and costs of income redistribution should be 
known. Rather than repeat his analysis, I will 
turn to the question of the generation of pol- 
icy. I will argue that policy can be understood 
and analyzed objectively by the application of 
familiar concepts. 

The economics of public choice (Buchanan 
and Tullock, Mitchell) consists of an applica- 
tion of marginal costs and marginal returns 
corcepts to three levels of the public decision 
process: voting, legislation, and administra- 
tion. I will discuss the three processes sepa- 
rately and then apply them to current policy 
issues, first empaasizing producer commodity 
policies; next, consumer commodity policies; 
and last, externalities and input policies. 
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The Cost and Return Framework of Public 
Policy 


In £ representative system voters choose legis- 
latcrs and the executive officer based on their 
perception of costs and returns. Costs in this 
sys:em include informing oneself of the posi- 
tiors of the candidates, travel to the polls, and 
possibly contributions of time and money to 
campaigns. As in other maximizing behavior, 
marginal cost will equal estimated marginal 
return at equilibrium. This leads some citizens 
to contribute large sums of money and others 
not ta bother to inform themselves and vote. 
In terms of commodity programs, producers’ 
benzfits are more concentrated than are con- 
sumers’ losses, leading to greater influence of 
producers on policies than their numbers 
would justify. 

Tne legislative process also can be analyzed 
in terms of costs and benefits. A legislator will 
assess the benefit he hopes to receive in terms 
of reelection votes and funds from his vote for 
or against a bill. This assessment is compli- 
cated by the fact that votes are traded among 
congressmen, and a system of grants of power 
is operated inside the legislature based on past 
part.cipation in the exchange system. These 
grants of power included creation of a set of 
committees each with its own purview, deter- 
mination of committee membership and 
officers, and development of operating rules 
for passing legislation. At any one point in 
time, power is distributed among congressmen 
and committees as a function of a previous set 
of transactions. Thus the structure of commit- 
tees reflects past power as it affects the 
difficulty or ease of passing legislation. A 
committee that deals with consumer (food aid) 
and »roducer (commodity) interests and that 
reflects previous power may be able to reach 
compromises in committee that would be 
more difficult if left to less formal vote trading 
on the floor. 

Tte cost of legislation is measured by the 
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expenditure of resources and the distribution 
among the citizenry. The perceived costs are a 
function of the means used to finance the ac- 
tivity. Until the 1860s, consumers of goods 
protected by import levies paid for national 
public services. Import levies are still used to 
pay for some agricultural price support opera- 
tions. Another ‘‘low-profile means of financing 
a given transfer is output restriction. Here the 
consumer pays a higher price for the product 
than competition would entail, but the costs 
are hard for the voters to estimate. Still an- 
other is the budget deficit that imposes costs 
through future interest payments on debt 
and/or inflation. 

The executive and the bureaucracy make up 
the third level of the cost-and-returns analysis. 
The executive bargains with the legislature by 
making and withholding appointments as well 
as through the veto. The president and his 
cabinet officers may ask for and receive dis- 
cretionary power over quotas and price sup- 
ports. While this issue is usually justified in 
terms of flexibility, discretionary authority is a 
means of shifting power between the legislator 
and the executive, and in the long run affects 
the costs and returns to legislation. 

A particular bureau can be thought of as a 
monopolist supplier of its own specialized ser- 
vices (Niskanen). Sometimes the executive 
acts to create competition by creating new 
bureaus and sometimes he tries to appropriate 
the value of the monopoly to his own reelec- 
tion through the power to appoint officials. 
Once created, bureaus take on a life of their 
own including the drive to survive. | 


Analysis of Current and Future Policies 


Following a series of attempts to restrain pro- 
duction to raise prices and transfer income 
outside of the U.S. Treasury, the major field 
crops (cotton, wheat, feed grains) have been 
"deregulated." Historic acreage allotments 
have been abandoned (Spitze). Loan rates 
now provide insurance against low prices, and 
target prices are employed to determine the 
level and distribution of direct payments. The 
most important forces that led to this ‘‘mar- 
ket orientation,” as it has been called, were 
(a) the gross receipts foregone from high 
product prices in an era of increasing export 
demand and (b) the costs of developing and 
maintaining restrictions on production. The 
pull of world prices influenced the develop- 
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ment and gradual increase in direct payments 
for feed grain crops (1962 forward), producer 
rejection of marketing quotas for wheat 
(1964), and use of export subsidies and direct 
payments for cotton (mid 1960s). Good times 
allowed direct payments to be discontinued. 
Speaking loosely, producers freed themselves 
from restrictions they had chosen earlier. 

The major current and future policy ques- 
tion for these crops if export demand declines 
is the choice between diversion and high mar- 
ket prices versus direct payments to augment 
farmers' incomes. Producers will favor higher 
market prices; exporters and consumers, di- 
rect payments. Present arrangements do not 
distort resource use greatly but they clearly 
favor wheat producers (Johnson), probably 
explainable by the concentration of the eco- 
nomic importance of wheat in a number of 
relatively rural states. 

Rice and peanut programs have moved to- 
ward greater ‘‘market orientation," substan- 
tially because of the high treasury costs of 
earlier programs. Rice programs now resem- 
ble those for wheat. The peanut program al- 
lows the Secretary power to set quotas and 
two levels of price supports which are lower in 
parity terms than those mandated earlier 
(Stucker and Boehm). A surge in demand has 
led to unexpected increases in exports and left 
quota holders with about the same benefits as 
earler. If program costs stay down, there 
probably will be little consumer force to fur- 
ther reduce production restrictions. Rivalry 
among producing regions can be expected to 
grow if technology continues to affect the re- 
gions unequally, perhaps eventually leading to 
production realignment, as in cotton. 

Tobacco is an interesting public choice 
case. It is rigidly controlled by quotas and 
price supports, and there is no move toward 
deregulation. This is the case because con- 
sumers have acquiesed in a sumptuary tax 
equal to about fourfold the farm cost of pro- 
duction (Gardner). Quota owners collect only 
about 1/15 of this tax. The only future forces 
leading to reduced control are a possible in- 
crease in the elasticity of demand as tastes and 
technology change, and possibly a divergence 
of interest among the producing regions and 
between operators and quota owners. 

Policy making for sugar represents a micro- 
cosm of agriculture and food policy generally. 
Consumer prices, producer benefits, protec- 
tion of refiners, minimum wages, and trade are 
all involved when new legislation is sought. As 
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things stand, sugar is subject to less regulation 
than it has been in decades. Should world 
prices fall sharply, there will be considerable 
pressure to reinstitute support prices and di- 
rect payments for producers. The current 
agreement between the administration and 
Congress is to use tariffs and duties to main- 
tain a U.S. market price of 15.5g per pound 
(Congressional Quarterly). As noted earlier, 
consumers have a reason to press for world 
prices, perhaps adding direct payments which 
are paid for by taxpayers and are highly visi- 
ble. Fewer than 21,000 producer firms are di- 
rectly affected, but the extent of the loss in 
revenue per firm could be great, particularly 
among the larger cane producers. Although 
smaller in size, beet producers are distributed 
across a number of western states. The leader 
in the Senate for producer-oriented sugar pol- 
icy in the past several years has been Senator 
Church of Idaho, who is up for reelection this 
fall. 

Classified pricing for Grade A milk has been 
a part of federal policy for over forty years, 
after coming into being informally in the 1920s 
‘Buxton). The demand side of the market is 
:he acknowledged focus of the law. This is a 
sign to most economists that income is being 
transferred. Most of the transfers taking place 
under the pregram are between consumers of 
manufactured products and consumers of fluid 
milk. Grade A producers have benefited at the 
expense of Grade B producers, causing a 
"holesale upgrading of production. Despite 
zhe changes in the structure of the dairy indus- 
ту, itis probably true that Grade A producers 
are now receiving substantial rents (Dahl- 
gran). These rents largely have been dis- 
3ipated through high cost production in re- 
sponse to blend prices and unlimited entry. 

Consumers, politically less effective than 
their numbers of aggregate losses represent, 
currently are seeking the aid of the courts. The 
‘Consumer Nutrition Institute is party to a suit 
то force a federal order area to allow recon- 
stitution. A fluid product consisting of half 
Xesh milk and half reconstituted milk would 
“ower the price of the product, in essence 
»reaking the classification structure. This is 
zhe reason reconstitution has been prohibited 
or taxed out of existence (Buxton). Even if it 
is allowed, it is not clear that it will cause a 
iowering of the fluid milk price in all federal 
and state order areas. This could lead to 
pressure to rewrite the legislation. 
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Price supports (1949) and import quotas 
(951) grew out of the side effects of the 
"surplus" generated by classified pricing. The 
relationship between quotas and price sup- 
ports continues. If quotas are increased, price 
sipports will have to be lowered if govern- 
ment stocks are to be kept low. EEC dairymen 
have not been able to offer greater demand for 
L.S. agricultural products in exchange for in- 
creased U.S. imports of dairy products. Thus 
it may be some time before these policies are 
caanged significantly. 


Food Subsidization 


The traditional policy has been to tie income 
transfers to goods. In the major program, food 
s-amps, the ties have been loosened gradually 
aad are now nearly gone. With the removal of 
the purchase requirement, food stamps have 
become an income transfer program. The old 
acguments to maintain the program in the 
USDA and under the congressional responsi- 
bdity of the agricultural committees have less 
aad less force. A further shift from commod- 
ities to cash in the other nutrition programs 
would also contribute to a jurisdictional dis- 
pute between the USDA and HHS. If there is 
a realignment of bureaucratic and congres- 
sonal responsibilities, there probably will 
Бе a decline in the power of agricultural inter- 
ests because under the present regime impor- 
tant compromises between the welfare lobby 
aad the commodity lobbies are made inside 
the committee and floor debate is minimized. 


Lomestic Reserves and Restraints on Trade 


The private market can and does provide re- 
serves. Even so there has been pressure to 
dzvelop publicly held reserves. Producers and 
the trade have resisted the creation of publicly 
held reserves in the recent past. In a third 
a:tempt in conjunction with the Russian trade 
saspension and producers fearful of market 
price declines, the administration has been 
successful. Aside from a number of other is- 
ѕпеѕ and arguments, I believe producers are 
correct in fearing the government-held re- 
serves may be used to keep price increases 
fom occurring in a period of short supply 
through the use of subsidized storage. As a 
focal point of consumer interests, storage be- 
yond the level justified by costs and returns 
could lead to other restraints on trade. It was 
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the tide interruptions of the 1970s (Johnson) 
that led to the 1977 provision tying embargoes 
to high price supports in an attempt to restrain 
the administration from responding to con- 
sumer pressures to restrict trade. It is likely 
that the consumer-producer conflict on trade 
will be one of the important policy issues in 
the years ahead. Consumer-oriented trade re- 
strictions to the detriment of producers is 
common abroad (Perrin and Scobie). Perhaps 
producers’ best defense in this country would 
be a doctrinaire embrace of free trade. 

| 
Energy 

| 


In extending the favorable federal gas taxation 
of gasohol to 1992, the windfall profits legisla- 
tion has also potentially affected agricultural 
policy. This is an instance in which consumers 
concerned about energy (commodity) prices 
and farmers joined forces to increase the de- 
mand for a farm product. A 4g advantage at 
the pump for gasohol becomes 40g at the 
ethanol distillery. State gas tax rebates and 
favorable federal income tax treatment raise 
the subsidy to over $1.00 in some states (San- 
derson). At 2.5 gallons of ethanol per bushel 
of corn, this translates to a subsidy of $2.50 
per .bushel of corn. Depending on the 
efficiency of ethanol production and the real 
price of petroleum, the price of corn could be 
increased significantly by the current sub- 
sidies. Thus energy policy becomes agricul- 
tural'policy, at least partially inadvertently. 


Other Policy Concerns 


While commodity policies dominate public 
policy there are other important issues: food 
purity, the environment, and worker safety. 
The current wave of concern grew out of ex- 
ternalities associated with new chemicals used 
in production whose side effects began to 
emerge in the 1960s. While the ‘‘public inter- 
est" movements can be explained, it is not 
easy to predict their future power. Having 
generated a new kind of consumer organiza- 
tion and several powerful bureaucracies 
(EPA, OSHA, and an expanded FDA), they 
could remain forceful for some time. Using 
cost and return factors, I would suggest that 
the force of the movement will recede as more 
is known about externalities, the costs and 
benefits of present procedures are widely un- 
derstood, and as other policy issues command 
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the attention of consumers. I would expect 
interest in product purity to persist to a greater 
degree than with the environment and the 
safety of farm workers. 

Farm input policies have evolved and prob- 
ably will change slowly in response to new 
forces. One area of active policy making con- 
cerning inputs is the substitution of subsidized 
crop insurance for an open-handed disaster 
payments program. This is a contest between 
farmers and the ASCS who favor the current 
program, and the FCIC and. taxpayers, rep- 
resented by the administration, who favor in- 
surance. Ín a similar contest between bureaus, 
grant research is threatening to reduce the im- 
portance of formula funding. In these two con- 
tests consumers probably perceive they have 
little to gain or lose and will be inactive. Pro- 
ducers may be enlisted to support formula 
funding if they become persuaded that their 
product or state is threatened by grant fund- 
ing. 

There has been a great deal of attention to 
"structure" in the past several years. It is 
possible that it will emerge as an issue in the 
1980s but I do not see producer, consumer, or 
taxpayer interests strongly at stake. ''Struc- 
ture” can refer to some measure of the size 
distribution of firms, the contractual relation- 
ships among input owners (usually called the 
*'control of farming’’), and probably to other 
factors. The current organization of farms may 
have been affected by previous policies such 
as price supports, disaster payments (USDA, 
U.S. G.A.O.), and the general responsive- 
ness of the political system to farmer interests. 
Even so, the concept of structure is currently 
so ill-defined that it is ripe to be used as a 
facade for bureaucratic interest or producer 
justification for free insurance, income trans- 
fers, or some. similar program. 


Some Concluding Comments 


There is a pattern in the policy episodes of the 
past that we can expect to see in the future. 
Initially an economic shock occurs that im- 
poses sufficient costs for those affected to ex- 
pend resources to try to achieve some political 
action. If legislation is successful, unintended 
effects and costs gradually show up. Then as 
these costs mount or as economic conditions 
improve, the policy is altered to be less restric- 
tive on market forces. After the problem is 
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substantially ''solved," a bureau remains, 
seeking a new policy to supervise. Even so the 
major agricultural policies have nct prevented 
the working out of economic forces. They 
have prolonged the adjustment process and in 
the case of commodity programs have trans- 
ferred sizeeble amounts of income and re- 
sulted in significant resource waste. But thus 
fzr they have not frozen the entire sector ir. an 
antiquated pattern. To be sure, some policies 
have had long-run impacts on agriculture— 
good and bad—and some are now more re- 
strictive than are consistent with societal ob- 
jectives. Hence there are pressures to change 
them. This dces not argue that »olicy is an 
unimportant field of analysis. It is, instead, an 
argument that the analysis of public choice is 
more complex than private choice, political 
exchange more difficult to predict than market 
exchange. 

In the area of public choice, prices and 
quantities are not available as instruments of 
analysis. Costs and returns concepts are used 
less frequently. Consequently some issues are 
likely to be emphasized more than careful 
analysis will justify. In the current situation, I 
would judge the attention given to structure to 
be relatively misplaced. As another example, I 
see almost no reason to debate the merits of 
parity versus cost of production. It is the level 
cf support relative to market prices that 
counts. 

Agricultural economists have a great deal to 
contribute to the analysis of public policy if 
taey will apply their conventional tools to this 
unconventional area as objectively and vigor- 
cusly as they have to market ques-ions. If they 
fail to do so because of their proximity to 
producer interests, they will fcrego an in- 

eresting and :mportant area of endeavor that 
other economists will pursue. 


Amer. J. Agr. Econ. 


References 


Buchanan, James, and Gordon Tullock. The Calculus of 
Consent. Ann Arbor: University of Michigan Press, 
1962. 

Buzton, Boyd M. "'Post-Regulation Research: Milk Mar- 
keting Order Regulation." Amer. J. Agr. Econ. 
61(1979):779-86. 

Coagressional Quarterly Weekly. Washington, D.C., 12 
Apr. 1980, pp. 957. 

Daalgran, Roger А. "Welfare Losses and Interregional 
Income Transfers Due to Regulation of U.S. Dairy 
Markets.” Ph.D. thesis, North Carolina State Uni- 
versitv, 1980. 

Ga-dner, Bruce L. Tobacco Policy and Welfare. Mimeo- 
graphed. Texas A&M University, 1978. 

Johnson, D. Gale. ‘‘Agricultural Policy Alternatives for 
the 1980s." Mimeographed. Agr. Econ. Res. Pap. 
No. 80:25, University of Chicago, 1980. i 

Mitchell, William C. Public Choice in America. Chicago: 
Markham Publishing Co., 1971. 

Niskanen, W. A. Bureaucracy and Representative Gov- 
ernment. Chicago: University of Chicago Press, 1971. 

Pasour, E. C., Jr. “A Critique of Federal Agricultural 
Programs.” S. J. Agr. Econ., no. 1 (1980), pp. 29-37. 

Pe-rin, Richard K., and G. M. Scobie. "Market Interven- 
tion Policies for Increasing the Consumption of Nu- 
trients by Low Income Households."' Amer, J. Agr. 
Econ. 63(1):73-82. 

Saaderson, Fred Н. ‘‘Gasohol: Boon or Blunder.'' Brook- 
ings Bull. no. 3 (Winter 1980), pp. 11-13. 

Spitze, К. G. F. “The Food and Agriculture Act of 1977: 
Issues and Decisions." Amer. J. Agr. Econ. 
60(1978):225-35. 

Stacker, Thomas A., and William T. Boehm. A Guide to 
Understanding the 1977 Food and Agricultural Legis- 
lation. Washington, D.C.: USDA ESCS Agr. Econ. 
Rep. 411, Sep. 1978. 

U.S. Department of Agriculture. Structure Issues of 
American Agriculture. Washington, D.C.: ESCS 
Agr. Econ. Rep. 438, Nov. 1979. 

U S. General Accounting Office. Changing Character and 
Structure of American Agriculture: An Overview. 
CED-78-178, 26 Sep. 1978. 





Reconciling Agricultural Pricing, 
Environmental, Conservation, Energy, and 


Structural Concerns: 


Allen Grommet 


Some day agriculture price and income policy 
makers may consider the alternating conflict- 
ing and complimentary goals of environmen- 
tal, conservation, energy, and structural con- 
cerns, but not in 1981. While I believe that 
land policy will be the subject of much future 
debate in agriculture policy forums, that time 
has not arrived. I do not believe that the qua- 
drennial review of major farm legislation occur- 
ring in 1981 will change legislation significantly 
from the 1977 bill. I suspect the debate will be 
mostly on loan rates and target prices, with a 
continuation of the grain reserve rather than 
addressing the broader context of land policy 
discussed by Martin. 

The comments here are not intended to rep- 
resent those of the Congress, the House 
Budget Committee, or its staff on which I 
work. Instead, these remarks are personal 
reflections on likely agriculture legislative is- 
sues as a student of the policymaking process. 

Martin has found the common denominator 
that could be used to reconcile many of the 
conflicting issues facing the broadly defined 
agricultural community. Even in the 1930s, 
farmers realized that when price and income 
policies could not be sustained under the Con- 
stitution on their own, certain supply-con- 
troling policies under the pseudonym of 
conservation could be used to obtain the same 
ends. Politically, the policy issues may evolve 
in another decade or so where land policy may 
once again be the central focus of agricultural 
policy. In order to continue to receive the 
benefits of price and income policies, farmers 
may well have to form coalitions with envi- 
ronmental, conservation, energy, and other 
groups. The common factor that bonds these 
groups may be policies affecting land. And 
certainly any policies affecting land will have 
an effect on farm structure. While I agree with 
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the technical possibilities of reconciling these 
issues through land policy, I believe there are 
strong institutional encumbrances stalling this 
eventuality at the national level. 


Interest Group Dynamics 


If all of the issues affecting agriculture are 
going to be reconciled, there must be a constit- 
uency interested enough in each issue to push 
for legislative changes. Currently that constit- 
uency does not exist for some of these issues 
when farm income and prices are discussed. 
Environmental, conservation, energy (except 
biomass in the 1977 farm bill), and other inter- 
ests tend to be ‘‘one-interest’’ interest groups 
that shy away from omnibus legislation. Most 
farm organizations as well do not want to 
compromise income and price policies with 
other concerns. Without an interest group par- 
ticipating in the agriculture policy debate that 
is willing to bargain and trade influence on the 
public decision process in order to obtain con- 
cessions from traditional farm groups, the ag- 
riculture price and income interests simply 
will not introduce the additional issues into the 
debate. 

Land policy issues such as conservation, 
environment, and energy are earnestly de- 
bated by such groups as the National Wildlife 
Federation, the Sierra Club, and others that 
have never been involved in influencing ag- 
riculture legislation. Until these groups are 
ready to show their concern about how these 
issues should be considered within the context 
of farm income and price debates, no recon- 
ciliation will occur. In fact, at the present time 
these environmental groups are not even rec- 
ognized as legitimate participants in the farm 
income and price debate. Legitimacy could be 
achieved in time with direct testimony to the 
agriculture committees and overtures not only 
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to the Department of the Interior but also to 
the Department of Agriculture. Further legiti- 
macy could be obtained by developing a block 
of congressmen and senators who are willing 
to put their names on the line in the agriculture 
income and price debate as being 2qually if not 
more concerned about environmental and 
conservation matters than about farm income 
and prices. Until that happens, policy making 
in the Congress will not force a reconciliation 
cf these issues. 


Lack of a Forum for Reconciling Conflicting 
Land Policy Issues ; 

Not only are there no interest groups working 
to reconcile these conflicting issues, but the 
institutional structure of the federal govern- 
ment generally prevents reconciling these is- 
sues. Jurisdictions and responsibilities are so 
split and delineated that they prevent recon- 
ciliation of these policy issues until they reach 
the highest levels of government, and often the 
differences in the issues are not significant 
enough when compared to other national is- 
sues to warrant the attention of tke president, 
the White House staff, or congressional lead- 
ership. 

If the Department of Agriculture were going 
to play a leadership role in reconciling the 
conflicting issues involving agriculture, they 
would have to work with a long list of other 
agencies and departments. For instance, the 
Environmental Protection Agency plays a 
leading role in environmental isstes affecting 
farm chemical usage and nonpoint source pol- 
lution, such as soil erosion. The Department 
of Energy plays a lead role in developing fuel 
and energy alternatives such as gasohol. The 
Food and Drug Administration is involved in 
food regulation. Structural problems such as 
the development of farm coops have been 
handled by the Department of Justice. Interna- 
tional trade issues involve the Departments of 
Commerce anc Treasury as well as the Office 
ot Special Trade Representative and the Inter- 
national Trade Commission. As a conse- 
quence of these and other possible examples, 
it is difficult to see that the many conflicting 
agricultural issues can be resolved or recon- 
ciled even at the cabinet secretary level with- 
out involving an "arbitrator" with authority 
over a number of departments. | 

If we look at the Congress, similar jurisdic- 
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tional disputes occur. The Agriculture Com- 
mittee handles the price and income policy; 
however, the Science and Technology Com- 
mittee in the House is the major forum for 
dscussing all research programs including 
some agriculture research. The International 
Affairs Committee handles major matters on 
trade. The Public Works Committee reports 
bills affecting transportation issues. The Ways 
amd Means Committee handles all the tax 
legislation that has significant influence on the 
structure of farming. The Small Business 
Committee is involved in loan policy affecting 
tke structure of farming and other small 
businesses. The Labor and Education Com- 
mittee in the House reports legislation on the 
human nutrition programs. And if that separa- 
tion of jurisdiction is not enough, the Appro- 
priations Committee is split into thirteen differ- 
ert appropriations subcommittees where 
spending authority is further separated. 

Even the budget process does not force a 
reconciliation of these issues in.the agricul- 
tural sector. The budget forces many trade- 
offs among competing parts of the economy, 
bit оп a much broader base than the agricul- 
tural sector. Energy is treated in the context of 
al: energy programs; conservation is treated in 
the context of other natural resource pro- 
grams. The agricultural function in the budget 
deals only with the farm support programs, 
se-vice, and research programs. The programs 
in the Department of Agriculture fall into some 
seven different functions of the nineteen in the 
federal budget. 


More Research Needed on Institutional 
Developments 


The biggest problems in reconciling the broad 
coatent of agricultural issues (including land 
ро ісу) are the institutional limitations. Fur- 
ther economic research on these issues is im- 
po-tant, but one should not look to the legisla- 
tive or executive decision process to reconcile 
the policy differences on these issues any time 
in the near future. 

The piecemeal approach attempting to solve 
each of these different policy issues, while not 
necessarily the most efficient method, may 
stii make improvements, but a coherent pol- 
icy among all of these issues must await fur- 
ther institutional developments. 


The Farmer-Owned Reserve: How Is the 
Experiment Working?: Discussion 


W. Scott Steele 


The paper written by Meyers and Ryan does a 
good job reviewing the background and opera- 
tion of the farmer-owned reserve program. 
They also have developed a model to analyze 
the market impact of the reserve. Their results 
indicate that without the reserve we would 
have seen lower average prices and higher 
price variability. Finally, the authors raise a 
number of relevant issues about operational 
problems as well as the future prospects for 
the reserve as a policy instrument. 

I would like to elaborate on their paper, 
giving my impression of how well the reserve 
has worked and what needs to be done to keep 
the reserve operating effectively in the interest 
of both producers and consumers. 

The Meyers-Ryan paper correctly points 
out that raising the storage rate and allowing 
immediate entry of 1976 and 1977 crop wheat 
into the reserve were important factors in in- 
creasing the rate of accumulation after a slow 
start. Nevertheless, producers had substantial 
incentives to enter the reserve during the ac- 
cumulation phase. The release level was 
higher than farm prices during 1977 and 1978. 
But, with the target price set above the release 
level for the 1978 and 1979 crops, producers 
had a redsonable expectation that farm prices 
would come up to or near the release level. 
Because the producer had to recover only 
about 14¢ more than the prevailing farm price 
(6% interest for the first year of the reserve 
loan) to break even, the potential benefit of 
entering the reserve outweighed the cost. 

Prices increased during May 1979 and 
triggered release of the wheat reserve. Re- 
moval proceeded in an orderly manner over 
the release period. This was contrary to the 
expectations of some who believed farmers 
would dump reserve grain on the market. 

The situation for corn was similar to that of 
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wheat. Farm prices in many areas were below 
the loan rate. Producers had substantial incen- 
tives to enter the reserve during the accumula- 
tion phase. The release level was higher than 
the farm price during 1977 and part of 1978. 
The producer had to make only 122 per bushel 
more than the prevailing price to break even. 
As with wheat, the opportunity for farmers 
to enter corn immediately into the reserve 
greatly accelerated the rate of accumulation. 
In June through August, corn was in release 
status and, like wheat, removal of the corn 
reserve took place in an orderly manner. 
The initial phase of the wheat and corn re- 
serves went smoothly. The incentives were 
there to gain the participation of farmers. As I 
indicated, the key to participation was the re- 
lationship between the farm price, the loan 
rate, and the release level. Farmers had a rea- 
sonable expectation that the release level 
would be achieved. A higher release might 
have been attractive because the potential gain 
would have been larger. However, if produc- 
ers did not have an expectation that the re- 
lease level would have been achieved over the 
three-year reserve contract, they may have 
been reluctant to enter grain in the reserve. 
Although the wheat and corn reserves per- 
formed effectively, the barley reserve did not. 
The problem was that the price series that was 
used to trigger release and call of barley was a 
national all-barley price series. As a result of 
higher prices on the West Coast, where less 
than 10% of the reserve was located, and be- 
cause of the influence of malting barley, which 
usually commands a premium over feed bar- 
ley, the barley reserve was placed in call 
status beginning 26 June 1979. However, farm 
prices in most of the Northern Plains, where 
the reserve was held, never rose above the 
release level. | 
Several changes in reserve operating proce- 
dures were necessary. Because the release 
and call levels are based on the barley loan 
level, and because the barley loan is tied.to th 
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corn loan on a feed value basis, it did not seem 
appropriate to use a barley price series that 
included malting barley. It was decided that a 
feed barley price series should be used. Sec- 
ond, because the West Coast barley market 
greatly influenced release and call of the re- 
serve and West Coast producers participated 
only marginally in the reserve, it seemed ap- 
propriate to use a feed barley price series that 
was related to the location in which the re- 
serve was held. 

Changes in the operation of the reserve had 
been in the planning stages for several months 
prior to the Soviet suspension. However, in 
order to deal with the domestic impacts of the 
suspension, greater incentives were given to 
farmers to participate in the reserve program. 
Some adjustments in the reserve no doubt 
would have been made even without the sus- 
pension. 

Periodic adjustments in the reserve program 
are needed so that it remains attractive to pro- 
ducers. Participation in the program is needed 
if there is to be sufficient grain in reserve to 
meet shortage situations. The adjustments in 


the reserve that need to be focused on are the- 


loan rate and the release and call levels. 

The loan level is important because that is 
the ‘‘price’’ the farmer receives for going into 
the reserve. Unless farmers can be assured of 
sufficient operating capital to meet their cash 
flow needs through these loans, they will be 
reluctant to commit substantial quantities of 
grain to the reserve. The loan level can be 
edjusted to make the reserve entry more at- 
tractive. In this regard, the administration re- 
cently raised wheat and corn loans which, in 
turn, raised release and call levels. Moreover, 
it should be noted that Congress is now work- 
ing on new legislation, which is supported by 
the administration, to provide authority for a 
special loan for reserve grain. This special 
loan would provide for a supplemental pay- 
ment over and above the general loan and 
would give a further incentive for program 
participation. The release and call levels still 
would be set in relation to the general loan and 
would be unaffected by this legislation. 

As mentioned, the release and call levels are 
elso major determinants for the effectiveness 
of the reserve. To attract any significant quan- 
tity of grain, the release level must be high 
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enough to cover the current price plus any 
additional costs incurred by the producer from 
entering the reserve. 

. Another consideration in setting the release 
level is the target price. In order to reduce 
badget exposure, the release level should be 
set above the target price. Otherwise, the op- 
eration of the reserve could force additional 
o.itlays for deficiency payments. 

Finally, the release and call levels need to 
b? adjusted in order to provide the opportunity 
for adequate returns to producers in the face 
o? rising costs. If the operation of the reserve 
d»es not permit farm prices to cover costs and 
p-ovide a profit from time to time, then the 
reserve would be placing the farmer in a dis- 
advantageous economic situation. During the 
current year, we have seen costs of production 
ircrease dramatically. The July adjustments in 


.lcan rates and release and call levels will pro- 


v:de greater flexibility for market prices to 
rratch these cost of production increases. Fur- 
tFer adjustments in the reserve for the 1981 
crops are now under review. In making ad- 
justments in reserve operating rules to com- 
pensate for increasing production costs, 
Meyers and Ryan remind us of the potential 
problems of using the reserve іо support 
prices above world market equilibrium levels. 
If adjustments in release and call levels are 
made periodically, keeping in mind the con- 
siderations I have mentioned, then the reserve 
stould be viable over the long term. Farmers 
ѕЕоша continue to participate in the reserve 
and by doing so, will ensure themselves higher 
returns as well as provide consumers greater 
assurance against severe price increases. 
Based on our experience so far, we gener- 
ally can conclude that the economic situation 
of farmers is better with the reserve than with- 
out it. The other side of the coin is the benefit 
to taxpayers and consumers. They incurred 
casts as the reserve was accumulated and only 
benefit when it is released. When the farmer- 
owned reserve has been in release, we have 
seen an orderly withdrawal of grain and the 
teadency for price increases to moderate. 
However, the reserve has not been tested in a 
really tight supply situation. That situation 
may well be on its way, given the current 
outlook for 1980 U.S. feed grain production. 
Hopefully, the reserve will meet the test. 
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Rural America is changing. It is changing more 
rapidly and in more fundamental ways now 
than perhaps it has since farming displaced 
hunting and fishing. Entirely new questions 
about the nature of these changes and the fu- 
ture of rural life are being raised. Answers are 
often difficult to obtain. 

We have long paid too little attention to the 
nonagricultural dimensions of rural society, al- 
locating few research resources and paying 
inadequate mind to the policy needs of rural 
society. Farmers and their families now con- 
stitute only 13% of the rural population (U.S. 
Dep. of Commerce). The migration of millions 
from farming has come to an end, leaving a 
very different rural society behind—one in 
which farmers are a minority, and agriculture 
provides employment for only 10% of the rural 
work force (Deavers and Brown). 

Rural America is now in a rapid transition 
toward a new and very different society. The 
tide of migration has turned back toward rural 
areas, where population is now growing more 
rapidly than in the cities (Beale, Beale and 
Fuguitt, Morrison and Wheeler). Rural com- 
munities have become so heterogenous in so- 
cial and economic character that, not only can 
most no longer be described as just farming 
communities, but it is often difficult to de- 
scribe them accurately at all from the current 
data base. Of the approximately 39,000 local 
units of government in the United States to- 
day, more than half have populations of 1,000 
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or less, 7096 have less than 2,500 (U.S. Dep. of 
Commerce). These communities have limited 
capacity to develop their own data bases. 
Census of population and housing data on the 
social and economic conditions of rural people 
and their communities, while generally the 
best we have, are available only once every 
decade and for these smaller communities are 
neither very comprehensive nor reliable. 
Because the nature of rural society is chang- 
ing rapidly and the rural population now ap- 
pears to be the fastest growing sector of the 


` U.S. population, the lack of ability to under- 


stand that change and to provide coherent pol- 
icy direction can have costly consequences. 
Rural America is not just a residual left behind 
by the urbanization and industrialization of the 
United States. It is more than a fourth of all 
Americans, and it is a diverse and growing 
sector of the economy whose problems are an 
important part of the decentralization of na- 
tional economic activity and population now 
taking place. Effective public and private pol- 
icy requires an appropriate rural data base. 
But there is no consensus on what constitutes 
such a data base. 

It is the conclusion of this paper that the 
inadequacies of the rural data base are part of 
a complex problem of circular causation. 
There is widespread agreement that the data 
base is deficient but little consensus on what 
constitutes the most important deficiencies. 
The question of what needs to be done does 
not elicit a coherent answer. 

The lack of coherence that characterizes the 
current data base is due to a lack of coherence 
in rural development policy itself. The spec- 
ification of data needs and design always arise 
out of use. This policy area has long been 
characterized by a slowly growing collection 
of specific programs. Collectively, however, 
they do not amount to a coherent policy and 
do not imply an integrated view of present 
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rural problems or of the future of rural society. 
Why? 

Short-run explanations tend to focus on the 
fact that the programs serve different clientele 
and are managed by a large number of differ- 
ent agencies, accountable through various 
lines of authority, scattered over several 
cabinet departments.! In the long run, these 
Obstacles would not be insurmountable if we, 
as a society, had an intellectually coherent, 
widely accepted, prescriptive vision of the fu- 
ture of rural society, and some sense of the 
obstacles to that vision. In fact we do not. 

Our inability to develop any clear prescrip- 
tive vision of that future arises from two pri- 
mary sources. One is a long-time failure to 
recognize and resolve the broad value 
conflicts implicit in the different views various 
groups hold about development issues: the 
growth of government services, tax equity, 
land and water development and use, cen- 
tralization versus local self-determination in 
governmental services and organization, and 
others. 

The other source of this failure to evolve a 
coherent vision of the future arises from the 
deficiencies of the data base itself. The exten- 
sive nature of the changes in rural society and 
the speed with which many of these changes 
nave come have left us with a poor descriptive 
and conceptual understanding of the current 
state of rural society. In fact, we still cannot 
define clearly what the concept ‘‘rural devel- 
opment'" means (Daft 1978). Thus, the circu- 
“arity of the problem arises ultimately out of 
the interdependence in policy decision be- 
iween positive and normative knowledge as 
well as the inherent epistemological depen- 
dence of conceptual (deductive) knowledge on 
empiric (inductive), and vice versa (Bonnen 
1975, 1977). 

Even if one sets out only to describe the 
deficiencies in the data base and their origins, 
one is led eventually into this circular train of 
causation. The problems of the rural data base 
are most clearly understood when seen as an 
information system failure. Thus, we will de- 
vote our efforts here to an evaluation of rural 
development policy as an evolving informa- 
tion system. A data base can only be defined 
and fully understood as part of a larger deci- 
sion system. 

' Bryant has an excellent analysis of the lack of coherence 
expressed in terms of the fragmentation of the demand for rural 
economic and social statistics and the dominance of the supply 


side by a few federal agencies with little bureaucratic interest in 
rural people. 
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In this paper we shall briefly examine the 
historical evolution of development policy and 
follow it with an assessment of the current 
state of rural society. Then, we will evaluate 
the implications of all this for rural develop- 
ment data needs. Finally, we report briefly on 
a National Academy of Sciences panel which 
is addressing the problems of ‘‘Statistics for 
Rural Development Policy." 


Tae Evolution of Rural Development Policy 


American citizens have been guided in their 
lives by a system of values which has re- 
rrained quite stable. John Brewster identified 
several closely related sets of values in an 
examination of nineteenth century America 
(see especially pp. 14-28 and 60-61); this 
configuration of values has remained a domi- 
nant influence in rural life. Democratic values 
include the ideals of equality, self-de- 
termination, and representative democracy. 
Work values attest to the worth of work, the 
importance of equal opportunity in preparing 
for and finding work (distributive justice), and 
the commutative justice of a fair return. En- 
terprise values include the beliefs that success 
in private enterpreneurship is a proper test of a 
person's worth to society and that the compet- 
itive striving of entrepreneurs yields the most 
good for all, including sufficient jobs for all 
who wish to work. 

Facts, i.e., our understanding of reality, 
kave been considerably more volatile than 
values. Individuals and the institutions of so- 
ciety are continually buffeted by new situa- 
tons, especially changes in technology and 
knowledge, that render obsolete previous be- 
Lefs about the facts of their situation. In turn, 
problem definitions, which reflect the differ- 
ence between ‘‘what is" (beliefs about facts 
end values) and ''what should be” (prescrip- 
tive beliefs), will change, with public policies 
then modified to address better the redefined 
problems. 

Over long periods of time one observes 
changes, not only in beliefs about facts, but in 
values and prescriptive beliefs. These changes 
zre interactive or dynamic. The rest of this 
section summarizes the results of a historical 
znalysis of rural development policy. Shifts 
over time in policy are interpreted in terms of 
perceived imbalances between changing be- 
Refs about ‘‘what is" and ‘‘what ought to be” 
in rural life. It is this perception of imbalance 
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which powers and limits what is possible in the 
policy process. 

Cochrane’s recent volume on the economic 
history of U.S. agriculture provides an espe- 
cially useful historical starting point for this 
analysis. We are also dependent on the 
rural development literature including that 
from rural sociology. The interpretation and 
framework are entirely the responsibility of 
the authors. We started in the mid-nineteenth 
century and examined the changing percep- 
tions of rural society, its values, problems, 
and related policy responses. Our conclusions 
are necessarily composed of generalizations 
about quite complex matters. 

In the mid-nineteenth century, the tradi- 
tional value system of rural America outlined 
above provided clear, rather stable role im- 
ages at work and in the family and a strong 
faith in nature and natural processes. Rural 
communities were generally isolated, self- 
sufficient farming and mining or lumbering 
communities which, compared to today, were 
each relatively homogenous in values. The 
frontier was perceived as offering an equal 
opportunity to all, though hard work was ex- 
pected. Enterprise beliefs were strongly held 
and viewed as an important cause of American 
success. The appropriate role for government 
was limited to the provision of services which 
people needed to become established and to 
prosper as proprietors. 

Up until the 1950s, agricultural policy and 
rural policy were viewed as synonymous. Na- 
tional policy responses designed primarily to 
affect rural welfare focused on farmers as 
proprietors. Such policy actions in the 
nineteenth century facilitated farmer access to 
land through homestead legislation, sub- 
sidized development of a transportation net- 
work to deliver inputs and market outputs, 
and attempted to assure equal social and eco- 
nomic opportunity for farmers through land 
grants for public education. These policy ac- 
tions supported greater attainment of demo- 
cratic, work, and enterprise values with little 
need for trade-offs between values. Twentieth 
century rural policy can be characterized 
primarily as responses to perceived market 
failure; the earliest legislation on farm credit 
passed in 1916, land reclamation and irrigation 
in 1902, soil conservation in 1933, and com- 
modity price supports in 1929 and 1933. 
Though focused on consumer as well as 
farmer welfare, growing economic concentra- 
tion and monopoly led to the first antitrust 
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legislation in 1890; abuses by food marketing 
firms resulted in regulatory legislation (1906 
and 1921) setting standards for food safety and 
controling meat packing and stockyard prac- 
tices. 

Thus, the twentieth century saw a very dif- 
ferent pattern in rural value attainment and 
policy. Technological, social, and economic 
change created market failures and concentra- 
tions of power which impaired democratic 
values of equality and self-determination, as 
well as the equal economic opportunity and 
fair return values of the work ethic. The Great 
Depression of the 1930s was a watershed in 
social policy, which shattered the belief that a 
freely competitive system would produce 
prosperity and jobs for all who wished to 
work. The policy response was to trade a sub- 
stantial impairment in enterprise freedom for 
greater attainment of democratic and work 
values. 7 

Following World War II, the perception of 
rural society began to change. The exodus 
from agriculture reached unprecedented rates 
in the 1950s and 1960s as a major technological 
transformation occurred. Slower national 
economic growth over the last half of the 
1950s led to a back-up of underemployed labor 
in rural areas. Rural incomes lagged sig- 
nificantly behind urban, and again rural people 
faced a growing mismatch between actual 
conditions and their work values. While the 
major policy response was still in terms of 
farm programs, for the first time a growing 
realization that agriculture. and rural could no 
longer be regarded as synonymous led to new 
policy initiatives. 

The community self-help programs of the 
1950s and early 1960s reflect an uneasy tension 
among values related to equity, enterprise 
freedom, and community self-determination. 
The Rural Development Program of 1955, the 
expansion of Farmers Home Administration 
programs to rural housing, water, and sewer 
needs, and the Rural Areas Development pro- 
gram of 1961 were intended to aid rural com- 
munities in organizing to solve local problems. 
In actual fact, the programs were modest and 
had little impact. They did recognize, how- 
ever, for the first time that revitalizing rural 
areas required more than just farm programs. 

In the 1960s and 1970s, small business 
loans, housing, public facilities, and develop- 
ment planning programs for small com- 
munities were created in several agencies out- 
side the Department of Agriculture (USDA). 
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The Rural Development Act of 1972 brought 
together in one place, and expanded substan- 
tially the authorizations for, many rural devel- 
opment programs. However, the emphasis 
remained, as it has since the 1950s, on pro- 
grams not policy, on community self- 
determination, and on the welfare of places 
not people (Daft 1972). The Carter administra- 
tion announced its Small Community and 
Rural Development Policy in late 1979. This 
involves no significant shifts in programs or 
value trade-offs. 

But the larger society was in ferment. The 
mid-1960s through the 1970s saw an explosion 
of government activity in response to increas- 
ing dissatisfzction with the attainment of dem- 
ocratic and equal opportunity (distributive jus- 
tice) values. The rights of minorities to partic- 
ipate fully in the nation's political, social, and 
economic life were strengthened. Consumer 
and worker health and safety as well as envi- 
ronmental protection became major issues. 
Many of these policy initiatives further re- 
stricted enterprise freedom in order to en- 
hance the democratic value of controling one's 
own destiny and the work values of equal op- 
portunity ard fair play. While new programs 
were directed specifically at depressed rural 
areas, this period is better characterized as 
one in which rural areas were swept along in a 
new wave of national policies, than as a period 
of new rural policy creation. 


Current State of Rural Society 


Rural institutions have evolved through the 
interplay of new factual knowledge and shift- 
ing priorities among values. This is a continu- 
ing process. Technological and social changes 
are occurring at a more rapid pace in nonmet- 
ropolitan America than perhaps any time in 
history. Changes in "what is" show signs of 
outpacing the capacity of institutions to estab- 
lish and achieve society's beliefs about "what 
should be.” We sketch below the current state 
of some of the major dimensions of rural soci- 
ety. 

While the enthusiasm for science and tech- 
nology has been dampened by nuclear acci- 
dents and chemical residues in the natural en- 
vironment, they remain powerful forces for 
change. Since World War II, technological in- 
novations in transportation and communica- 
tion have made possible a decentralization of 
production and distribution with centralized 


Amer. J. Agr. Econ. 


control. This has permitted the steady growth 
of manufacturing and service employment in 
rural areas over the last three decades. Even 
the headquarters of some firms are now locat- 
ing in rural environs that have convenient ac- 
cess to a major airport. Thus, the centraliza- 
tion of control no longer necessitates the kind 
of spatial concentration of economic activity 
which characterized the first hundred and fifty 
vears of the industrial revolution and powered 
the growth of metropolitan areas. We have 
reached the end of a long era of increasing 
population concentration. 

The return migration and a rural population 
пом growing more rapidly than metropolitan 
are the product of extremely complex forces 
which we have only begun to understand. The 
3low decentralization of economic activity and 
2mployment is only part of it. Extensive inter- 
3tate highways now allow more people to 
zommute to work over longer distances. The 
zarlier migration to the city for jobs is now 
.eading to a return for retirement. Second 
30mes for recreation become. retirement 
homes. Development of new energy sources 
has created boom towns and large rural elec- 
trical power generation sites in Western coal 
areas. Americans have long had a preference 
for rural residence (Zuiches and Fuguitt). 
Only in the last few decades have economic 
opportunities and higher levels of living en- 
abled them to act on their preferences for 
rural amenities. 

Urban mass culture began to influence rural 
values, self-perceptions, and world view as 
soon as the isolation of rural life started dis- 
solving in the revolution of transportation and 
communication technologies. The growing in- 
volvement of rural people in industrial and 
urban vocations, in higher levels of education, 
in use of the mass media, and in greater spatial 
mobility leads to a general convergence of 
rural values and beliefs with those of urban 
life. Though many differences remain and 
even grow, rural and urban life are slowly 
moving toward each other in many beliefs, in 
material levels and standards of living, even in 
desired amenities (Larson). This convergence 
likely will be accelerated by the return migra- 
tions. 

We long ago reached the point where ''there 
is no separately manipulatable rural society” 
(Daft 1972, p. 4). The integration of local rural 
markets and social organization into the evolv- 
ing urban social order makes it impossible to 
construct a rural development policy with a 
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unique geographic basis distinct from urban. 
Too many economic and social structures and 
problems are common, and most are regional 
cr national in scope. 

On the other hand, there are also great dif- 
ferences between rural and larger urban com- 
munities. Unique to rural society are the dis- 
economies arising from the greater space over 
which all organizations and functions must 
operate and the very different mix of re- 
sources, enterprises, vocations, and amenities 
which still characterize rural communities. 
So, some problems are quite different. Policy 
and legislation addressed to such diversity will 
itself be inherently diverse. An omnibus rural 
development policy is an impossibility. In 
some cases, the unique aspects of rural com- 
munities and their needs can be recognized in 
designing national policies. In others the prob- 
lems may be so uniquely rural, separate pro- 
grams and policy are needed. Even these are 
likely to be scattered over several executive 
departments and congressional committees. 

As rural life has been integrated into an 
urban society, its economy and vocations 
have grown far more diverse. Self-sufficiency, 
isolation, and local organization have slowly 
given way to regional specialization and to a 
system of mostly national level economic and 
social institutions. This newer, evolving social 
order has increased productivity. But its spe- 
cialized institutions have also increased the 
dependence of individuals, organizations, and 
communities one on another and reduced the 
local community’s capacity for problem solv- 
ing. Resolving local community problems re- 
quires cooperation between and integration of 
the activities of many of these same special- 
ized, nationally directed systems. This is 
difficult because they are often more inclined 
to bureaucratic warfare than to cooperation. 
This change leads toward a concentration of 
economic and social power which simulta- 
neously undermines enterprise freedom as 
well as the real achievement of democratic 
values. 

As society grows complex, technical, and 
bureaucratic, the individual becomes depen- 
dent on people, organizations, and forces he 
or she does not know or understand. The 
sense of self becomes depersonalized and 
problems with life are less frequently per- 
ceived as arising out of one’s own personal 
limitations and are attributed to deficiencies of 
the society. This has major implications for 
the way norms and reality are interpreted and 
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for what is seen as an appropriate policy re- 
sponse to a problem. 

Rural society is more heterogenous and 
pluralistic. All the variants of nineteenth cen- 
tury rural as well as today’s urban lifestyles 
and beliefs now coexist and contend through 
rural life. Pluralism undermines absolute value 
commitments of traditional societies and leads 
to relative standards. It weakens the individ- 
ual’s faith in any particular system of values 
and shifts one’s perception of what is sig- 
nificant from the institutions of society, i.e., 
from one’s environment to one’s own unique 
subjective experience (Coughenour and 
Busch). Thus, as beliefs about values and ob- 
jective reality share less of a common basis in 
experience, they become less stable and more 
fragmented. This undermines the social basis 
for policy and assures that future rural policy 
will be less stable and more contentious, from 
local levels to national. 

The social and economic changes described 
earlier have transformed the structure and the 
role of government. Every level of govern- 
ment has acquired new functions, most regula- 
tory in nature, and public subventions and 
services have grown immensely. Dependence 
has grown proportionately. In 1977, almost a 
fourth of state government receipts were fed- 
eral monies, and almost 40% of local govern- 
ment receipts were state and federal monies 
(Dep. of Commerce, p. 289). 

However, federalism with all its growth is in 
disarray, with no clear division of labor and an 
uncoordinated mixture of programs in which 
accountability and even purpose are often 
hopelessly confused. Responsibility for this 
chaos recently was laid at the door of Con- 
gress by the Advisory Commission on Inter- 
governmental Relations. The states, through 
the National Governors Conference and the 
National Conference of State Legislatures, are 
pressing hard for reform (New York Times). 

While the authority of states has been pro- 
gressively undermined by the federal govern- 
ment for decades, the states now are starting 
to assert themselves with some vigor. The 
other unit of government that appears to be in 
resurgence is that of the county. While the 
variation in nonmetropolitan America is ex- 
treme, those counties sharing in growth often 
exhibit a fiscal strength and management 
sophistication which local municipalities can- 
not match. 

The ability of local government to deal with 
the current chaos in federal relations is quite 
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limited. They are frustrated and feel trapped 
between a rising tide of complex problems, 
their limited expertise and capacity, and a 
chaotic set of state and federal bureaucracies 
which intrude unilaterally and are quite un- 
coordinated and insensitive to local problems. 

Public policy is the product of effective 
political power (Daft 1972, p. 4). The nonmet- 
ropolitan or rural counties, townships, and 
cities of the United States are not now effec- 
tively organized and represented in most 
states or at the national level. Farmers are 
crganized but now constitute only a small 
minority of the rural population, and their 
economic interests are quite different. Until 
the rural units of government form an effective 
political coalition, there will be a political vac- 
uum in rural America. Growing economic and 
social vitality and the return migration eventu- 
ally should make this vacuum intolerable at 
the same time that it creates a potential politi- 
cal base of some consequence. But such does 
not now exist. 


Implications for Rural Development Data Needs 


The social value of rural development statis- 
tics is growing rapidly and will continue to do 
30 for the forseeable future. Rapid change is 
:ntroducing great uncertainty about matters of 
growing social significance—the future of rural 
3ociety and a decentralizing social order. This, 
in turn, greatly increases the value of informa- 
iion necessary to deal with that uncertainty. 
We are entering a new era, the full implica- 
tions of which are yet to be grasped. Until we 
understand it better, this transformation ini- 
tially requires a major intellectual and re- 
search investment. The future contains many 
new elements and potential benefits and dan- 
gers. Our concern should be (a) that rural 
people understand what is happening to them, 
and (b) that intelligent policy direction be 
given to avoiding the dangers and to pursuing 
those potential opportunities that are respon- 
sive to the goals of local communities aud of 
the society. 

The growing uncertainty rural America 
faces is produced by important issues of in- 
creasing concern. One is the energy crisis. 
What impact will higher energy costs have on 
the return migration and the decentralization 
of economic activity which lies behind it? We 

. will make many important public and private 
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decisions in accommodating higher energy 
prices. 

If the return flow of population and the rate 
of economic growth continue in nonmet- 
rapolitan America, clashes over land use and 
ervironmental issues can only grow more in- 
tense and more important. Similarly, the 
conflict over growth versus no growth, as well 
as the equity of various local community tax 
and expenditure policies under different 
growth philosophies, will grow. 

The growth in government has unleashed a 
multitude of conflicts over modern federalism. 
What is the appropriate role and scope of gov- 
ernment at federal, state, and local levels? 
How the other issues above are resolved will- 
condition what roles and functions are finally 
fccused at different levels in the federal sys- 
tem. Pressure to build greater capacity into 
Iccal units of government will expand (Doh- 
erty). 

As well as the accelerating intensity of 
specific growth issues, increasing complexity 
produces greater uncertainty and expands the 
irtrinsic need for and value of information. 
The sources of this growing complexity in- 
cude the fact that the distinction of rural ver- 
sus urban is no longer a useful organizing prin- 
c: ple. It is now too simple a concept to capture 
the varieties and conditions of community that 
exist today. Another complicating force is the 
greater centralized control of economic and 
social institutions now accompanied by decen- 
tralized activity. This implies a more complex 
capacity for coordination which not just the 
imvolved organizations but various informa- 
tion systems must sustain as well. . 

The increased heterogeneity and pluralism 
of rural society create a future with many 
more options than existed in the past. If these 
proliferating alternatives are not examined 
carefully at all levels in society, missed oppor- 
tanities will grow and the probability of satis- 
factory outcomes will be reduced. 

Fragmentation and increased relativism of 
values lead to a subjective self-image and 
world view. Consequently, an objective statis- 
tcal base becomes an even more critical re- 
source. but also one more vulnerable to being 
roliticized by subjectivity. Objective data do 
rot necessarily add to stability without some 
consensus of related values. Achieving con- 
sensus where values are highly fragmented 
suggests the need for open public policy: in- 
stitutions and wide participation in reaching a 
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legitimate value consensus or at least a com- 
promise that minimizes the political costs. 

Both what is as well as what ought to be are 
at hazard in the decisions that will be made. 
The conflicts over values as well as fact need 
to be consciously addressed. The return mi- 
gration and the imposition today of national 
trends on small communities are sure to fuel 
further conflict between enterprise values, 
equity, and democratic values. Federal gov- 
ernment programs and regulation are already 
generating a severe conflict with the demo- 
cratic value of self-determination expressed at 
the local level of government. 

An adequate data base becomes more im- 
portant as uncertainty is compounded by rapid 
rates of change and increasing complexity. 
Statistics cast many long and enduring 
shadows in policy and in the lives of people. 
The absence of appropriate data often casts 
even longer and more enduring shadows. 

What kind of strategy for data development 
does this imply? To us, it suggests the neces- 
sity of an experimental or developmental 
strategy capable of discovering problem defi- 
nition, decision information needs, the proper 
related concepts and analytical techniques, 


and the empirical needs for those decision 


purposes. In such a mode of inquiry there is no 
suggestion that one might succeed by address- 
ing only one part of the system or that the 
entire information system could be built in a 
year or, in this case, even a decade. In reality, 
an information system is a process that never 
ends. The specifications for a data base de- 
velop out of the knowledge gained as the in- 
quiry process, which supports a set of deci- 
sions, evolves. The difference is only the level 


of knowledge from which one starts and the: 


rate at which that knowledge is made obsolete 
by change (Bonnen 1975). 

We need also to realize that the idea of a 
singular coherent data base for rural develop- 
ment policy is a chimera—a Holy Grail never 
to be discovered. It cannot exist because there 
is not, and never is likely to be, a single com- 
prehensive rural development policy. We can, 
however, address the data base problem in the 
context of specific policy decision areas, such 
as health, housing, land use, etc., where there 
is some necessary presumption, as well as 
possibility, of coherence in decision. Major 
problems arise, of course, when a decision 
involves trade-offs between these specific pol- 
icy areas. 
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What can one say about the basic statistical 
problem? All statistics are labor-intensive, es- 
pecially the collection process, and thus they 
have become more expensive in the United 
States. As one goes from large cities to the 
smallest, data of the same detail and accuracy 
require higher sampling rates and are even 
more expensive. Rural societal decisions in- 
creasingly require data in greater social and 
economic detail than are now available. These 
data also need now to be updated more often 
than they are. For many uses they need to be 
comparable to existing economic and social 
Statistics for the United States. Thus the di- 
lemma. Given the cost of data, how do we 
satisfy rural data needs without bankrupting 
U.S. state and local governments? 

The value of data and their design criteria 
arises out of the uses of that data. The 
heterogenous nature of rural development pol- 
icy and its information base requires extensive 
integration and coordination of decisions and 
information between many organizations and 
bureaucracies at every level of government. 
This implies a coherence in our federal struc- 
ture that does not now exist. In fact, it is 
resisted stoutly by the public bureaucratic and 
private economic interests involved. Incoher- 
ence of the structure of decision ensures an 
incoherent data base—even for limited policy 
areas. 

As a practical matter, what do we need to do 
to improve rural data? The first is experimen- 
tal and research work. We need to understand 
rural society and the forces that are so rapidly 
changing it. We need to develop and improve 
the concepts, analysis, and measurement that 
inform that knowledge. Positive as well as 
normative knowledge is required for policy 


prescription. We must examine the implica- 


tions of the alternative factual and value 
choices that lie before us. All levels of gov- 
ernment should be experimenting, in search of 
better problem identification and means of so- 
lution. Statisticians need to work on statistical 
strategies and methods that can substitute for 
the more expensive conventional survey and 
census methods. 

Federal and state levels of government 
clearly have major responsibilities to local 
government for the development of an ade- 
quate local data base. Many local data needs 
arise out of federal and state program re- 
quirements. Regulations and programs that 
create unnecessary problems and data de- 
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mands need to be revised. Federal, state, and 
local governments must cooperate in coor- 
dinating data needs among each other if an 
adequate common data base is ever to be de- 
veloped without waste and duplication (Bon- 
nen et al., 1980). 


Conclusion 


This paper has attempted to demonstrate sev- 
eral closely related matters. Rural develop- 
ment data deficiencies, with the:r circularity of 
causation, can be most clearly understood as 
information system failures. Second, what 
constitutes an improvement in specific data is 
completely conditioned by the purposes for 
which they are used and thus. by the value 
structures and objective conditions of rural life 
that generate specific policy needs. Finally. 
rural develcpment policy is, and will continue 
to be, a complex web of federal, state, and 
local activ.ties, policies, and institutions, 
which to have coherence and a minimally ade- 
quate common set of data bases must, in some 
degree, be a coordinated system. 

We have tried to define the nature of our 
persistent inability to specify ‘‘the’’ rural de- 
velopment data base and have put our em- 
phasis on what tends frequently to be missed, 
the institutional information svstem and pre- 
conditions from which specific and coherent 
data needs are derived. This will disappoint 
those looking for specification cf concrete data 
sets. That would require another article and, 
even then, would disappoint those seeking a 
statistical Holy Grail. 

The authors’ current perceptions of rural 
data problems arise from their participation in 
the Academy of Sciences Panel on ‘‘Statistics 
for Rural Development Policy." Academv 
regulations prohibit public discussion of panel 
recommendations before Academy publica- 
tion. The Panel report undoubtedly will pro- 
vide a more concrete specification of data 
needs and statistical strategies. That report 
should be available by early 1981. Because the 
Panel faces the same intellectual and institu- 
tional problems addressed by this paper, it is 
likely that their recommendations will focus 
on needed institutional change as well as 
specific data problems. We believe the Panel 
report, Rural America in Passage: Statistics 
for Policy, will be both useful end challenging. 
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Some Concepts for Measuring the 
Economic Value of Rural Data 


J. Bruce Bullock 


Economists somewhat belatedly have Берип 
to recognize and to understand the role of 
information in economic activity. The topic 
has received attention only since Stigler’s 
seminal article on the economics of informa- 
tion was published in 1961. We have ignored 
the role of information in economic activity 
largely as a result of our almost exclusive use 
of theories and models based on the assump- 
tion of perfect information. Consequently, we 
have tended to assume away problems and 
complications caused by less-than-perfect in- 
formation rather than to develop formal theo- 
ries and/or models to deal with these issues. 

Once we accept the fact that perfect infor- 
mation does not exist, one is hard pressed to 
arrive at measures by which to evaluate the 
performance and efficiency of various types of 
economic activity (Pasour and Bullock). 
Moreover, we begin to recognize that certain 
zypes of less-than-perfect information have 
economic value both to individual decision 
makers and to the public at large. 

We have long realized and accepted the po- 
zentially positive contribution of publicly 
Znanced systems for the collection and dis- 
zribution of various types of agricultural data. 
The usefulness and value of these data (infor- 
mation) systems have been taken more or less 
for granted. However, the increased public 
scrutiny of budget expenditures and the in- 
creased emphasis on program planning and 
budgeting as a tool of budget management has 
heightened our interest in determining the 
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economic value of these systems and of pro- 
posed changes in the systems. 

Our interest in public information systems 
kas also’ been stimulated by other develop- 
ments. The increase in the number of ''thin" 
markets for agricultural products has raised 
numerous questions about the adequacy of our 
current price-reporting system. The continued 
trend toward fewer and larger farms and 
food-processing firms raises questions about 
the connection between industry structure and 
the nature of public information systems. 
These concerns suggest that the value of pub- 
li data systems may be to monitor economic 
performance as well as to provide information 
for individual decision makers. 

The purpose of this paper is to examine the 
carrent state of theoretical and methodological 
approaches to valuing information systems 
aad to identify some of the problems and is- 
sies that confront efforts to determine the 
economic value of information systems. 


Current Status 


Eisgruber provided an accurate status report 
on the state of economic research relating to 
the value of information systems. ‘‘Neither 
theory nor methodology exist to address ade- 
quately the economics of information, and, 
until recently, little effort was made to over- 
come this deficiency . . . (p. 901). Later, he 
says, ` ће public as well as the private sectors 
spend considerable amounts of resources on 
the development and maintenance of informa- 
tion systems. Yet, as economists, we have, to 
date, provided little by way of assessing the 
e-fectiveness of these information systems” 
(p. 904). 

Although a sizable body of literature dealing 
with the economics of information has devel- 
oped in recent years, we have yet to develop 
ав adequate theoretical or methodological 
framework for valuing information. A large 


Copyright 1981 American Agricultural Economics Association 





Bullock 


portion of the existing literature on the eco- 
nomics of information deals with the search 
for, and the use of, information by individual 
decision makers. Questions about the value of 
various types of public information systems 
have received less attention. 

One might argue that the substantial theoret- 
ical contributions of Stigler, Arrow, and oth- 
ers provide an adequate theoretical basis for 
the economics of information. However, the 
theoretical developments to date do not in- 
clude an analytical framework that enables us 
to translate this theory into meaningful empir- 
ical analysis. It is one thing to recognize that 
information is an economic good and should 
be used in amounts that equate marginal ben- 
efits with marginal costs. It is something 
quite different to quantify and measure empir- 
ically the marginal benefits and costs of a par- 
ticular type of information. It is these analyti- 
cal frameworks that are particularly lacking. 
However, the theoretical foundations on 
which to develop the analytical frameworks 
are far from complete. 

As we move toward the development of this 
theory and methodology, there are several 
questions that will have to be answered. For 
example: What is information? How is it to be 
measured? What constitutes an improvement 
or an increase in information? Tomek’s recent 
article dealing with the role of information in 
thin markets is an interesting approach to de- 
veloping an empirical estimation process to 
deal with these questions. 


Value of Information System to 
Nonmarket Users 


Changes in government programs and policies 
can create new and added value for informa- 
` tion. Moreover, the existence of these pro- 
grams can perhaps place a premium on accu- 
racy of data that exceeds the accuracy pre- 
mium generated by market users. For exam- 
ple, consider the current price support pro- 
gram. of deficiency payments equal to the dif- 
ference between the target price and the an- 
nual average price received by farmers. For a 
six billion bushel corn crop, an error of only 
one cent per bushel in measuring the market 
average price of corn translates into a $60 rnil- 
lion difference to corn producers, or to the 
U.S. treasury, if payments are triggered. The 
.growing number of programs that depend on 
public data series such as the census and vari- 
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ous USDA reports for the allocation of public 
funds will add to the pressures for accuracy. 
For example, witness the current discussion 
about the undercounting of populations in nu- 
merous cities. 

One of the more important questions about 
the value of statistical information systems 
deals with the decisions of administrators of 
public information systems. Program adminis- 
trators continuously are caught between the 
demand by users for more and better informa- 
tion and the pressures of costs that increase 
more rapidly than budgets. What is the deci- 
sion framework that should be used to make 
decisions about changes in the public informa- 
tion systems? 

What kind of information about the value of 
information is needed to make decisions about 
changes in these $ystems that are in the public 
interest? Can public information programs be 
managed effectively without estimates of in- 
formation value? A dialogue between re- 
searchers and the program administrators is 
needed to answer these questions, if we are to 
contribute to this management process. ''It is 
not enough to develop a methodology for es- 
timating the value of information—the value 
estimates must actually be useful to Govern- 
ment managers in making decisions about in- 
formation systems"' (Miller, p. 5). 

As well as determining the economic value 
of public information systems, there are two 
additional types of economic analysis that 
perhaps should be useful to these decision 
makers. First, there is project evaluation. 
aimed at identifying who is using the informa- 
tion and how they are using it, as well as 
examination of the information gathering pro- 


.cess itself. Moulton, Levinson, and Thomas 


concluded that ‘‘while we find it feasible to 
measure some benefits derived from Market 
News Service, we are not sure this is the di- 
rection in which to move. Our observations 
and analysis suggest that efforts might be di- 
rected better toward improved organizational 
efficiency and study of market changes 
influencing MNS services"! (p. 66). 

The second type of analysis is impact analy- 
sis. Studies like the one by Pearson and Houck 
are examples of efforts to provide useful in- 
formation about the impact on price move- 
ments of various types of reports. Studies of 
this type provide answers to some of the criti- 
cal questions (accusations) raised by individ- 
uals concerned about the impacts of govern- 
ment reports. 
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Value of Information to Market Users 


‘We have numerous theoretical and meth- 
odological voids to fill in the process of deter- 
mining the value of information in the market 
place. We simply do not know enough about 
the role that various types and qualities of 
information play in the effective operations of 
markets. Information undoubtedly plays an 
important role in the process of price determi- 
nation, in product price variation over time 
and space, and consequently, in determining 
:he efficiency of markets. But just what is the 
zole of information in each of these areas? 
How would a 1096 increase or decrease in 
information impact the effectiveness of these 
markets, and what would be the value (cost) 
»f this change in information? 

We have many unanswered questions abcut 
the role and, hence, the value of information in 
the market place. For example: How much 
and what type of information is required for a 
market to perform effectively its price discov- 
ery functions? There is widespread concern 

. that the decentralization of markets has led to 
an inadequate amount of information in many 
markets. However, until we develop answers 
to the above questions, our capacity to report 
prices exceeds our capacity to interpret what 
the data mean within the context of perfor- 
mance evaluation. Moreover, we have little 
basis for suggesting changes in the reporting 
systems. Ward has shown that our existing 
procedures of interpretation often raise more 
questions than they answer about the perfor- 
mance of existing price discovery systems. 

The availability of public information sys- 
tems also may impact the structure of the ag- 
ricultural production and processing sector 
(Riemenschneider). This relationship further 
complicates efforts to determine the value of 
information systems. Even if we can establish 
a cause-and-effect relationship between the 
existence of public information systems and 
industry structure, economic theory provides 
little operational methodology for estimating 
the value (or cost) of structural change. 

The income distribution aspects of public 
information systems cannot be overlooked in 
our attempts to define the value of public in- 
formation svstems. There appears to be a 
widespread feeling among producers that in- 
formation about their current and anticipated 
production levels results in a transfer of 
wealth from producers to processing firms and 
consumers. In some instances, producers sug- 
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gest that the way to beat the ‘‘system’’ is to lie 
about their actual and planned production. Is 
t3is true? Under what conditions, if any, does 
t3e release of production estimates and pro- 
Cucers production intentions work to the 
cetriment of producers, either as a group or in- 
Cividually? Is it in the producer's interest to 
report falsely current and/or planned produc- 
t. on levels? If so, is it in their interest to inflate 
cr deflate actual production numbers? Until 
we can answer questions like these, the ag- 
ricultural sector may be quite skeptical of any 
estimates of the economic value of these data 
systems which we might develop. 


£ome Theoretical Considerations 


Conventional wisdom holds that the value of 
information increases as its accuracy in- 
creases. This conclusion is intuitively appeal- 
iag and is supported by the conclusions drawn 
fom the Hayami and Peterson theoretical 
framework of the value of forecast informa- 
tion. Most, if not all, efforts to estimate the 
value of forecast information have assumed 
that the value of this information increases 
continuously with increases in forecast accu- 
racy. However, this bit of conventional wis- 
com is not always true. Unfortunately, the 
Hayami-Peterson theoretical framework is in- 
complete and does not correctly identify the 
social cost of forecast errors. Because the іп: · 
correctness of the conclusions drawn from the 
Hayami-Peterson model have apparently not 
been widely recognized, the problem with 
their model is discussed below. 

The Hayami-Peterson inventory adjustment 
model is illustrated in figure 1. ‘‘We assume in 
this case that production response to a price 
change can be approximated as being perfectly 
inelastic during the production period, as de- - 
moted by the supply curve $5. The market 
demand schedule [in both time periods] for the 
commodity is denoted by DD" (Hayami- 
2eterson, p. 121). 

Note that Hayami-Peterson have failed to 
specify the current level of inventory holdings. 
Furthermore, they neglect to define how in- 
ventory holders make decisions about how 
much inventory should be held from one time 
period to the next. (Bradford and Kelegian 
noted this problem with the H-P model, but 
did not explore its implications.) 


Hayami-Peterson continue the development 
of their model as follows. Suppose the statis- 


m | 
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Figure 1. Hayami-Peterson inventory adjust- 
ment model 


tical reporting agency estimates the current 
period production as OQ’ as opposed to the 
actual or ‘true’ production OQ. Inventory hold- 
ers, in forming price expectations for the 
coming period, expect the average price to 
equal OP’. In other words, they would expect 
the future price to be higher by PP’ than would 
be the case had no error been involved in the 
production estimate. Consequently, inventory 
holders find it profitable to decrease their rate 
of inventory depletion for the remainder of the 
year, until current price has risen by PP’. 
Consumption then would contract to OQ’, or 
by an amount Q’Q. In turn, the inventory 
carry over into the next production period 
would be increased by the same amount, Q'Q. 
As a consequence, the reduction in consump- 
tion during the current period would reduce 
consumer welfare by the area ABQ'Q" (р. 
121). 

There is not enough information in the 
Hayami-Peterson model to draw these conclu- 
sions. Inventory decisions require information 


about current stock. levels and anticipated 


production in the coming period. Neither of 
the datum is present in the Hayami-Peterson 
model. If inventory holders have existing 


stocks at the beginning of the current period,: 


they will find it profitable to decrease their rate 
of inventory depletion for the remainder of the 
year until current price has risen by PP' only if 
they have reason to believe that production in 
the coming period will be even less than OQ' 
by enough so that all inventories can be liqui- 
dated in the incoming year at a price of OP’ 
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(given the assumption of zero storage cost and 
a two-time period model). In the Hayami- 
Peterson model, carryover from the current 
period (current period production minus cur- 
rent consumption) is then consumed in the 
coming period along with production in the 
second period—there are no other inventories 
being held. 

The Hayami-Peterson inventory adjustment 
model thus does not depict the normal inven- 
tory adjustment process of a market. Conse- 
quently, the area identified as social costs of 
forecast errors and the formula for measuring 
this area do not measure what they are in- 
tended to measure. 

When an appropriate inventory decision 
framework is incorporated into the inventory 
adjustment model, the social cost of forecast 
errors can be illustrated with the supply and 
demand for storage services. A quite different 
set of conclusions is derived. - 

The social cost of forecast errors depends 
on whether production is under-forecast or 
over-forecast. Figure 2 illustrates the social 
costs generated by an over-forecast of forth- 
coming supplies. DD' is the demand for stor- 
age from the current period to be held into the 
coming period with perfect information about 
next period's production and the current level 
of stocks. DD' is defined by subtracting the 
excess supply curve for the current period 
from the excess demand curve for the next 
period and reflects the marginal social value of 
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Figure 2. Social costs of forecast errors due to 
overestimation of production in the inventory 
adjustment model 
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alternative levels of storage (3ressler and 

King, p. 206-9). CC’ is the cost of alternative 

“evels of storage. With perfect information, Se 

anits will be held in inventory from the current 
. period into the coming period. 

The effect of an over-forecast of next period 
»roduction is to shift the demand for storage to 
zhe left to 0,0, and to generate 5, level of 
storage and hence to generate social costs of 
AGF. 

There is an upper limit of ACD on the social 
zosts associated with over-forecast errors 
since negative inventory levels cannot be car- 
ried from the current period into the coming 
period. Thus, once the forecast error is large 
enough to shift the demand curve for storage 
to the point where it intersects the price axis at 
point C, then larger over-forecast errors will 
create no adcitional social costs. Moreover, in 
those cases where DD and CC intersect at low 
levels of storage, the social cost of any under- 
forecast will be quite small compared with the 
same degree of under-forecast in a situation 
where large quantities of inventcries would be 
carried forward under perfect information. 

We can conclude from these models that not 
all forecast errors generate social costs. In 
many cases, the magnitude of the social cost 
of an erroneous forecast is independent of the 
magnitude of the forecast error beyond some 
minimum level of error. The sccial cost of a 
given forecast error is unique to the set of 
supply and demand conditions existing at the 
time of the forecast. Therefore, it is not possi- 
ble to state categorically that an X-percent 
forecast errcr will generate Y dollars of social 
costs. In general, the social cost of an 
X-percent over-forecast is not symmetrical 
with the social cost of an X-percent under- 
forecast. Consequently, the benefits to im- 
provements of USDA forecasts depend on 
how the frequency distribution of forecast er- 
rors is changed (Bullock). This set of conclu- 
sions is not very encouraging for those looking 
for a simple formula to value information gen- 
erated by fcrecasts. 

Hayami and Peterson also developed a for- 
mula for valuing forecast errors for commod- 
ities where producers can alter output in re- 
sponse to the USDA report. This model is 
referred to as the producticn adjustment 
model. Their formula expresses the social cost 
of these errors as a continuous function of the 
average percent error and the elasticities of 
supply and demand for the product. Unfortu- 
nately, that is true only under special circum- 
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s-ances. In general, there is a discontinuous 
relationship between social cost and the mag- 
nitude of forecast error when producers can 
alter output in response to the forecast. 

The conclusions about the social cost of 
forecast errors that can be drawn from an ap- 
propriately constructed production adjust- 
ment model are much the same as those drawn 
ftom the inventory adjustment model. That is, 
rot all forecast errors generate social costs. In 
fact, there are many situations where even 
erroneous forecasts generate positive social 
value when producers alter output in response 
to the forecast. The magnitude of social costs 
(or benefits, as the case may be) are often 
iadependent of the magnitude of the forecast 
error over a wide range of forecast errors 
(Bullock). 

The problem of determining the value of 
public data systems is considerably more 
complex than conventional wisdom suggests. 
Some type of stochastic simulation process 
similar to that used by Marquis and Ray may 
be required to estimate the economic value of 
fhese systems. The potential for this approach 
needs further investigation. . 

There are several dimensions of in- 
formation—accuracy, timeliness, reliability, 
availability, continuity, and perhaps others. 
"Which of these dimensions causes information 
10 have value? Do these dimensions always 
have the same relative value? An adequate 
theory defining the value of information will 
3ave to deal with the nature of the iso-value 
‘ine between alternative combinations of these 
zharacteristics. The following discussion pro- 
vides a starting place for developing the con- 
zeptual framework for defining the iso-value 
Ane between timeliness and forecast accuracy. 

A timely report generally is considered to be 
»ne that is available at the time the informa- 
zion is required for decision making. This 
raises the question of whether a report issued 
эпе month before the decision date is more 
timely (and hence presumably more valuable) 
than the same report issued one week prior to 
the decision date. Second, is there a trade-off 
between timeliness and accuracy in terms of 
the value of alternative reports? 

The potential payoff to improving the time- 
liness of forecasts or reports is illustrated in 
figure 3. SS represents the preseason supply 
curve on which producers base their initial 
production decisions. DD is the harvest time 
(say July) demand curve for the product (as- 
sumed to be known with certainty). Suppose 
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Figure 3. Illustration of potential social value 
of more timely forecast 


that in the absence of information about the 
magnitude of their combined decisions, pro- 
ducers are gearing up to produce at output 
level Qo. If no information is provided to pro- 
ducers about their combined decision prior to 
harvest time, then output Q, will be produced, 
and the resulting resource misallocation will 
generate social costs represented by the area 
BCE. 

The extent of the response by producers to 


information about their combined production: 


plans will depend on when the information is 
released. JJQ, represents the supply response 
if a report is released in January. However, 
producers would respond to the same informa- 
tion along the curve AAQ, if the information 
were not released until April. This implies that 
an acceptable alternative use of at least some 
of the resources exists under some conditions 
and that the options decrease as the time be- 
tween the release of the forecast and harvest 
period shortens. 

If an accurate report of current production 
intentions (i.e., Qo) is released in January, 
producers will reduce output to Q, and, hence, 
the social value of the report is the area 
GHCE. However, the same report released in 
April has social value of FKCE. The area 
GHKF then represents the social value of 
making the information available in January 
rather than April (social value of timeliness). 
This is only part of the social value of timeli- 
ness. The social value (cost) associated with 
changes in the output of products to which the 
resources are shifted is not accounted for in 

‘the analysis. Some type of simultaneous mul- 
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ticommodity model will be required to deal 
with this issue. 

There will be an economic value of im- 
proved timeliness only if the production deci- 
sion is reversible to some degree over some 
time interval. Moreover, the degree of rever- 
sibility must decrease as each stage of the 
decision process passes as reflected by the 
differing slope and range of possible output 
response depicted between JJQ, and AAQ,. 
Therefore, there is a limit to the amount of 
improved timeliness that will generate social 
value. When the report is issued to be timely 
for the SS stage of the decision process, no 
further gains in social value will be generated 
by making the report available at an earlier 
date. 

The above analysis assumed a perfectly ac- 
curate forecast in either January or April. 
However, any forecast greater than or equal to 
Оз would have obtained the same response as 
a perfectly accurate forecast. Thus, at least in 
some instances, there may. be substantial 
payoff to making inaccurate information avail- 
able at an earlier date rather than waiting to 
release accurate information at a later date. 
There would appear to be, in many situations, 
a trade-off between accuracy and timeliness. 
However, it is not at all clear what would be 
the shape of an iso-value line drawn between 
level of accuracy and timeliness of the report. 
The shape is likely to vary from one report 
situation to the next. 

Unfortunately, there is a measurement 


‘problem that prevents us from empirically es- 


timating the iso-value curve. The measure- 
ment of forecast errors is impossible in cases 
where the production adjustment model is ap- 
plicable. Prior production plans are not ob- 
servable (even ex post). In the above example, 
the true forecast error is zero (i.e., the fore- 
cast correctly identified Q, as the level of 
planned production). However, the observed 
forecast error is Qo — О, or Qo — Оз, depend- 
ing on when the forecast is released. How- 
ever, if the forecast had been Q, in January or 
О» in April, the observed forecast error would 
be zero even though an incorrect estimate of 
Qo had been made. There appears to be no 
definite relationship between actual and ob- 
served forecast errors. Thus, there appears to 
be no way of determining the level of accuracy 
for the type of reports depicted in the inven- 
tory adjustment model. 

Work to date has been with either an inven- 
tory adjustment model where producers can- 
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not adjust output in response to zhe U.S. De- 
partment of Agriculture report or a production 
adjustment model where no inventories are 
being held. However, there are numerous 
situations where a combination cf these mod- 
els will be required for meaningful analysis. 
The development of more appropriate models 
:s an area of research that needs more atten- 
zion. 


Conclusions 


This paper has attempted to identify some of 
the questions that need to be answered about 
the value of information. The nature of these 
questions indicates that there are four types of 
activities thet are needed if we are to make 
improvements in our agricultural data system. 

The first activity is further development of 
the theoretical and methodological framework 
for measuring the value of information. Our 
theories and knowledge about the information 
requirements of economic activity conducted 
in a dynamic and less-than-perfect information 
environment are inadequate to answer some of 
the questions being raised about our informa- 
tion systems. The second area is expanded 
collaboration between researchers and man- 
agers of public information systems in order to 
determine what type of informetion about the 
value of information is needed for effective 
management of these systems. Third, program 
evaluation efforts should provide useful in- 
formation about ways to improve the opera- 
tional efficiency of the information systems. 
The fourth area is impact analysis and exten- 
sion programs to enhance the general public's 
understanding about the nature of the benefits 
generated by these systems. 

The focus of this discussion has been on 
questions related to determining the economic 
value of public information systems. Develop- 
ing such measures is a formidable task, and it 
would be easy to conclude (somewhat prema- 
turely) that dependable, quantitative estimates 
are not likely to be developed. However, even 
if this is our final conclusion, the information 
to be gained by pushing back the frontier in 
this area is required for answering many of the 
questions raised above. We will need to un- 
derstand why such measures cannot be devel- 
oped. We also will need to identify what other 
types of information are required to design and 
manage effectively informaticn systems. Re- 
search related to expanding ovr understanding 
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ог the role and value of information in eco- 
nomic activity should be of high priority to 
economists. | 
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Farm Sector Data: Presentation and 


Improvement 


Kenneth J. Nicol 


Economic data for the farm sector are devel- 
oped by the U.S. Department of Agriculture’s 
(USDA) Economics and Statistics Service 
(ESS). The economics unit is responsible for 
outlining the data needs. It works with the 
statistics unit to collect basic data not avail- 
able in conjunction with other data projects or 
from other government agencies. Presently, 
the economic well-being data are collected and 
published by the Economic Indicators and 
Statistics Branch of ESS. These data include 
the balance sheet, farm income, agricultural 
productivity, and cost of production series. 

Balance sheet data have been developed 
since 1945 and the farm income estimates from 
1914. Both series (and other data as well) were 
developed to reflect the aggregate sector 
status for a period in history when many farms 
were structurally uniform. Changes in the ag- 
ricultural production sector's structure have 
made these aggregate estimates less useful as 
indicators of the economic well-being of the 
sector. Disaggregations of the sector's aggre- 
gate economic data were made reflecting the 
size distribution based on farm gross sales and 
geographically based on state location of the 
farm. 

These disaggregations reflect some aspects 
of these sectors’ economic conditions, but 
other aspects that can substantially influence 
the true status of the subsector being evalu- 
ated, are not reflected. Cyclical patterns in 
product prices affect farms selling or buying 
the product but have less effect on farms pro- 
ducing substitutes or not involved in the prod- 
uct's market differences. 

During the past ten years, concern about the 
validity of the data being reported arose and 
reviews have suggested many changes in the 
present economic data systems. These re- 
views and discussions with government staff 
members and members of the academic com- 
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munity have formed the basis for a set of eco- 
nomic accounts which can overcome many of 
the shortcomings of the present system (Nicol 
1980b). Concurrently, a project to review the 
data available to modify these accounts has 
been implemented and a two-phased product 
produced. Initially, the account formats are 
being implemented to the extent possible with 
available data. The second phase was to iden- 
tify the data needed to implement fully the 
accounts (Nicol 19802). 

This paper presents a review of the eco- 
nomic data projects and their recommenda- 
tions. The first item covered is a clarification 
of the definition of the sector. This is followed 
by a description of the set of accounts and a 
discussion of the data needed to implement 
fully these accounts. . 


Definition of The Farm Sector 


The agricultural production sector for this 
analysis is defined as the population of all 
farms meeting the USDA’s farm definition. A 
farm is any establishment producing, or hav- 
ing the potential to produce, a minimum of 
$1,000 of agricultural products. The activity of 
the farm to be measured is the total economic 
activity of the establishment. Activity asso- 
ciated with the movement of a product from 
site of production for the purpose of transfer 
of ownership or for movement through a mar- 
keting channel or processing facility consti- 
tutes movement from the production sector. 
This distinction is made to separate the com- 
ponent parts of integrated enterprises while 
allowing the production sector to move com- 
modities to off-farm storage with the intent of 
influencing market timing. Movement of the 
product into storage or transport with the in- 
tent of altering the locational or physical attri- 
butes of the product is associated with the 
marketing or processing sectors. 

Where possible, the production process is 
being reported separately from the activity of 
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the household or farm family controlling the 
establishment. This eliminates the need to 
measure other activities of the household and 
report them as part of the farm's activities. 


Identification of the Economic Data 


The economic data needed to measure the in- 
zome and assets of the production sector have 
5een organized into a set of fcur accounts. 
These accounts are an asset account (detailing 
asset type and financing), an asset flow ac- 
count (reflecting asset purchases and uses), a 
»roduction or income account (in a value- 
added format), and a cash transaction account 
‘representing the flow of funds in the sector). 

These accounts have been defined so that 
disaggregations of the aggregate sector can be 
made using the same account formats. Em- 
phasis for the disaggregations are being put on 
size using value-of-sales class, geographic lo- 
cation based on states, and product specializa- 
tion based on the Standard Industrial 
Classification breakout for the agricultural 
sector. | 

These account formats also can be used as а 
basis for reporting the activity of the farm’s 
controlling institution. These institutions can 
be defined on legal identity ‘corporation, 
partnership, sole proprietor, or other) or on 
functional purpose (family farms, corpora- 
tions, or other). Other disaggregetes based on 
the characteristics of the. controlling institu- 
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t.on also can be made when the required in- 
formation is available. Examples include 
cperator equal opportunity characteristics, 
Cegree of reliance on farming, or tenure. 


The Asset Account 


The asset account (table 1) brings together the 
data associated with the farm establishment 
physical and financial assets, and loan and 
equity liabilities. The data in the asset account 
cover only the assets used in the production 
process (which are owned by the farm busi- 
ness). Assets used by the household for per- 
sonal living are not included. Assets owned by 
the service sector and rented, leased, or hired 
by the farm establishment are not included 
because they receive a return generated by the 
imcome flow of the agricultural production 
service sector. 


The Asset Flow Account 


Changes in the asset value in the farm sector 
result from the interaction of two specific 
components—prices and quantities. The em- 
phasis of the data in the account concentrates 
on the physical assets of the sector (table 2). 
Changes in financial assets are incorporated 
into the cash transaction account. Asset for- 
mation is the sum of fixed-asset formation and 
inventory adjustments. Asset utilization (dis- 
appearance) involves depreciation, accidental 
damage, sales, and net capital growth. 








Table 1. An Asset Account for the Farm Sector 
Assets Liabilities 
I. Physical assets I. Loans 
A. Capital A. Loans for capital purchase 
1. Land 1. Real estate 
2. Buildings 2. Machinery 
3. Machinery 3. Livestock 
4. Livestock B. Loans for operating expenses 
B. Inventories C. Government loans 
1. Inputs 1. Commodity programs 


2. Work in process 
3. Finished goods 
4. Crop held as CCC loan security 
lI. Financial Assets 
A. Currency 
B. Demand deposits 
C. Savings 
D. Investment in cooperatives 
HI. Accounts receivable 


IV. Total assets 


2. Disaster loans 
3. Other (conservation, pollution) 


X. Accounts payable 


IK. Equity 
A. Corporate 
B. Book value 
C. Retained earnings 
D. Proprietor's equity 


IV. Total liabilities 
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The Production Transaction (or Income) 
Account x 


This account provides data on the value of 
products produced and the allocation of the 
value to inputs and resources. The account 
reports income in a format that is generally 
compatible with the national income and 
product accounts of the U.S. Department of 
Commerce (table 3). The major function of 
this account is to measure the output and input 
of the sector on a value-added basis rather 
than on a sales and purchase basis. As part of 
this value-added emphasis, the reporting of 
CCC loans is being changed. Commodities 
placed as security for CCC loans previously 
have been considered as sold. In the new sys- 
tem the commodity is reported as an income 
source when it enters inventory or is sold. The 
subsequent transaction with the CCC is a loan 
secured by the commodity and enters the sec- 
tor's cash flow account and has no immediate 
effect on income. It subsequently may affect 
income as the farmer pays storage and interest 
or forfeits the loan to the CCC at a loan rate 
above the present inventory value of the 
commodity. The activity of the loan received 
is accounted for in the sector's cash transac- 
tions. 
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The Cash Transaction Account 


Not all income, as reported in the production 
account, is realized as cash available for pay- 
ment of farm obligations. The cash transac- 
tions account (table 4) reports data which il- 
lustrate various levels of cash inflow and dis- 
bursement. The cash flows of the agricultural 
production establishment and the operator 
household are closely related, especially for 
sole proprietor establishments. 

This account reports data which measure 
the cash components of the production ac- 
count and supplements these sources and 
flows with loan activity information. These 
data will illustrate the impacts of net changes 
in inventory and CCC loan activity on the 
operator's available cash levels. For the dis- 
aggregated sector report, the data illustrate the 
impacts of outlays for capital, including land, 
and how the fixed-payment commitments of 
some of the subsectors vary in importance and 
affect the establishment cash available in re- 
sponse to relative price shifts. 


Measurement of Operator Well-Being 


Measuring the well-being of the farm operator 
is a necessary component to reflect adequately 


Table 2. An Asset Flow Account for the Farm Sector 


Formation 


Disappearance 








I. Fixed-asset formation 
A. Own account formation 
]. Replacement livestock 
2. Construction of buildings 
3. Land improvements 
B. Purchases 
1. Land 
2. Buildings 
3. Machinery 
4. Replacement livestock 
C. Valuation adjustment 
1. Land and buildings 
2. Machinery 
3. Livestock 


II. Changes in inventories 

A. Net value of quantity change 
1. Inputs 
2. Work in process 
3. Finished goods 

B. Net value of price change 
1. Inputs 
2. Work in process 
3. Finished goods 


IIL. Gross capital formation 


I. Capital consumption 
A. Depreciation 
1. Buildings 
2. Machinery 
3. Livestock 
B. Accidental damage 
1. Buildings 
2. Machinery 
3. Livestock 
II. Sales of capital items 
A. Within the sector 
1. Land and buildings 
2. Machinery 
3. Livestock 
B. To other sectors 
1. Domestic 
2. Foreign 
IH. Net capital growth 


IV. Gross capital disappearance 
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Table 3. A Production Transaction Account for Agriculture 


Allocations Sources 





I. Sales 


I. Int diate products? 
Intermediate products A. Agricultural products 


A. Purchases of farm products 


1. Feed B. Other products 
2. Livestock II. Otherincomes 
3. Seed A. Government payments 
B. Purchases from other sectors 1. Program payments 
II. Gross value added® 2. CCC loans guarantee payments 
A. Capital consumption B. Other 
B. Business taxes 1. Insurance 
C. Netincome at factor costs 2. Interest and dividends 
1. Labor compensation 3. Rents 
a. Hired laborers _ III. Own-account uses 
b. Operator and family labor A. Final demand 
2. Return to land and buildings 1. Operator family 
a. Rentto landlords 2. Employee perquisites 
J Nonoperator landlords B. Fixed-capital formation 
ii. Operator landlords 1. Breeding livestock 
b. Return to operator assets 2. Own-account construction (buildings, land 
1. Realestate interest improvement, orchards) 
ii. Corporate asset return C. Change in inventories 
iii. Operator return 1. Inputs 
3. Capital return 2. Crops 
a. Non-real estate interest 3. Nonbreeding livestock 


b. Return on operator capital 
c. Corporate capital return 
4. Management retum 
a. Hired 
b. Operator 
5. Entrepreneurial return 


III. Total allocations 


IV. Total Sources 


? Includes inputs for production of ancillary and secondary product:. 
ъ For compatibility with National Income Accounts, rent paid must be iacluded as an intermediate product purchase from the real estate 


sector. 


Table 4. A Cash Transaction Account for the Farm Sector 








Cash Sources Cash Uses 
I. Cash sales I. Production expenses 
A. Agricultural products A. Intermediate products 
1. Crops 1. In sector 
2. Livestock 2. Intersector 
B. Ancillary products B. Resource payments 
1. Custom work or machinery rent I. Cash wages and salaries 
2. Recreation 2. Cashrents 
3. Rents 3. Interest payments 
4. Interest and dividends II. Capi 
ns . Capital goods purchases 
C. Sale of capital items A. Land and buildings 
II. Government payments B. Machinery 
A. Program C. Livestock breeding animals 
B. Other D. Land improvements 
III. CCC loans initiated Ш. CCC loan payments 
IV. Other loans initiated IV. Other loan payments 
A. Real estate A. Realestate _ 
B. Non-real estate B. Non-real estate 
V. Financial asset changes V. Net investments 
A, Changes in fhe sector VI. Assets of operators existing the sector 


B. New assets entering the sector 
VI. Total cash sources 


VII. Total cash uses 
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the status of the farm sector. Many operators 
supplement their income and cash flow of the 
establishment by off-farm incomes. The farm 
operator income account (table 5) presents 
data to evaluate the farm and off-farm sources 
of incomes for the operator. Other institu- 
tional forms also can be the basis for this type 
of account. Included may be operators by 
legal form (corporation, sole proprietors, 
partnership, and other), operator by reliance 
on agriculture for income, or other socially 
and politically relevant category. 


Data Needs to Fully 
Implement the Accounts 


Data needed to modify the existing income 
and balance sheet programs to allow for a 
more complete report as outlined in these ac- 
counts include both sector level and data 
series issues. The data series issues relate to 
the definition and reliability of specific data 
elements. Many of the reported series are es- 
timated from secondary data sources or from 
arithmetic operations with a set of these data 
sources. The concerns that arise as a result of 
this method include complete compatibility of 
each series, ability to keep the series current, 
and the possibility of loss of continuity as the 
data collector’s priorities change. 

The major emphasis in the rest of this paper 
will be on the sector level data needs. These 
needs are by implication relevant to the indi- 
vidual data series. Specifically, the issues in- 
clude establishment definition, inventory ac- 


Table 5. Farm Operator Income Account 


Allocations 


I. Expenses of operators 
A. Dwelling expenses 
B. Business associated 

Il. Net family income 
A. Tax and nontax payments 
B. Social security payments 
C. Net disposable income 


III. Total operator allocations 
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counting, operator interaction, and subsector 
disaggregations. 


Establishment Definition 


The definition of which establishments are in- 
cluded in the sector defines the population of 
farms for the agricultural sector. The official 
definition of a farm includes all establishments 
that produce, or have the capability to pro- 
duce, $1,000 of agricultural products. This var- 
ies from the Department of Commerce Na- 
tional Income and Product Accounts estab- 
lishment, where the classifications are based 
on the SIC commodity or commodity group 
that accounts for at least 50% of the estab- 
lishment's sales. 

At present, much of the economic data for 
the farm sector are collected at the market 
channel level and the flow of goods is not 
identified directly with the establishment mar- 
keting or purchasing the commodity. 


Inventory Accounting 


These data concern three components of the 
inventory reported on the farms. First is the 
interaction of the goods held for input or mar- 
keting and the goods held as production as- 
sets. The second component of inventory is 
the reporting of commodities held as CCC loan 
security and is being modified. The third is the 
identification and measurement of input inven- 
tories. 

The present accounts report land, buildings, 
and machinery in capital assets with breeding 


Sources 


I. Farm income 
A. Labor 
B. Retum on land 
1. Production return 
2. Capital gain on land and buildings 
C. Capital return 
1. Return tc working capital 
2. Value change of machinery inventory 
D. Management 
E. Entrepreneurial return 
II. Imputed rental value of dwelling 
III. Nonfarm income 
A. Wages and salaries 
B. Business incomes 
C. Interest, dividends, and rents 
D. Transfer payments 


IV. Total operator income 
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herds included in livestock inventory. The 
livestock inventory is to be separated into cap- 
ital livestock, animals, or birds held for the 
product they produce, not primarily for sale. 
The other animals in inventory will be those 
held for sale, such as broilers, feeders, and 
animals on feed. 

Now the inventory levels for both the capi- 
tal and production livestock can be identified 
and values determined. The major data con- 
cern is the identification of the flows of live- 
stock. Measuring marketings at the market 
channel level makes identification of the prior 
or proposed use of the animal difficult to iden- 
tify. Is the animal being sold out of a breeding 
herd as a cull or as a capital item from the 
production inventory? Young animals will re- 
main in inventory until introduced into the 
breeding or milking herds. Thus, heifers sold 
may be for feeders, calf slaughter, or eventual 
entry into a herd. 

The impact of the change in CCC loans, 
shifting from an assumed sale to a loan with 
commodities for collateral, requires more data 
than the previous net change in value of loans 
outstanding. The quantities of the commod- 
ities under loans must be identified as well as 
the market value of the commodity and its 
loan rate. 

The measurement of input inventories has 
not been a part of the sector’s data reports in 
the past. The increased use of current cash to 
purchase next year’s inputs before the end of 
the calendar year potentially can have impact 
on fertilizer, seed, or fuel purchases. Under 
the present basis for calculating these items, 
little fluctuation may occur as their use is 
based on need rather than marketings. How- 
ever, as more establishment data become 
available, especially from surveys like the 
Farm Production Expenditure Survey 
(FPES), the potential for error is greater. If 
the input is considered an expense before the 
product is marketed or included as inventory, 
a larger expense is measured with no receipt to 
offset this outlay. 


Operator Interaction 


In the discussion on the operator account, ref- 
erence was made to the need for data which 
allow for separation of the production estab- 
lishment and its controlling institutions. Most 
reference is made to the operator with connc- 
tations of the sole proprietor or family farm. 
Corporation, partnership, or other legal en- 
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tities also can act as operator institutions. Pol- 
жу consideration may suggest the separation 
of the family-held corporation from the multi- 
shareholder corporation. Data are needed 
that separate the assets between those used 
“or production and those used for operator- 
3ousehold living. This would mean separating 
operator dwellings, household furnishings, 
and household financial assets from the assets 
presently identified in the ESS Balance Sheet 
Project. Separating off-farm income and other 
ncome flow associated with the household 
“rom the present receipts also is needed. This 
transfers the imputed rental value of the 
dwelling to the operator account from the farm 
.ncome statement. As the needed data are col- 
ected, a more accurate representation of the 
sector production activity and its relationship 
zo the assets will be available. 

The household disaggregation can be sepa- 
rate or it can be added directly to the disaggre- 
gation of the establishment accounts. The sec- 
ond form of disaggregation needed emphasizes 
the establishment and is based on its charac- 
teristics. 


Subsector Disaggregation 


Present disaggregations include states and 
value-of-sales class based on gross sales. Cy- 
clical patterns in relative prices encourage the 
development of more disaggregation, espe- 
ciallv those based on farm type. The state and 
farm size disaggregations are based on census 
benchmarks as are the value-of-sales class dis- 
tribution procedures. The geographic distribu- 
tion based on states also is developed from the 
total and disaggregated. 

The cyclical patterns in prices causes the 
duration and magnitude of sales to vary. In 
order to evaluate the well-being of the various 
farm establishments, both the relative and ab- 
solute effect on various subgroups are needed. 
The procedure being implemented will base a 
farm-type disaggregation on the SIC agricul- 
tural establishment categories. At this time 
only the disaggregation of establishments by 
type, value-of-sales class, and state will be 
implemented. 


Data Collection 


The major data issues to be discussed concem 
the concepts outlined above. Data for each 
series must be evaluated for accuracy and 
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compatibility with the other series. Data for 
the major structural changes are being devel- 
oped by modifications to existing data sources 
or by developing new data collection projects. 
Some of the major effects are discussed by 
principal area of concern. 


Establishment Definition 


Little new data are needed except where sur- 
veys reflect the entire population of farms on 
the old USDA farm definition. In many in- 
stances, the series used have been modified to 
the $1,000 criteria. 


Inventory Accounting 


Most of the flow data for the inventory ac- 
counting needs cannot be developed from 
presently available sources. While the actual 
levels can be determined, flow data are needed 
on sales and purchase of various types of live- 
stock by source or use. Modifications have 
been introduced to the annual FPES of ESS. 
As planned, these data will adequately reflect 
the flow on the purchases side. No data are 
available for the sales of commodities from 
capital stock. This shortage may be overcome 
if the Economic Industries Survey (EIS) is 
implemented next year, as proposed. This 
survey, in conjunction with the present asset 
data and the FPES as modified, should facili- 
tate the inventory calculations. 

A second data need is the CCC loan activity 
on a gross basis for calculation of the loan and 
cash flows. A program has been initiated with 
the ASCS Kansas City office to receive the 
necessary data. Emphasis is on the level of 
loan activity and its impact on flow funds. 


Operator Interaction 


This section, which would break out the activ- 
ity of the operator institution from the farm 
production establishment, has the greatest 
data shortcoming. Much of the problem is as- 
sociated with the lack of data other than the 
Census of Agriculture. This is only available 
on a five-year schedule and leaves much to be 
desired in terms of reference and reliability. 


Subsection Disaggregations 


The major data issue is the availability of 
classifiers on the survey which collects the 
data. Type classifiers already have been added 
to the FPES and are being included in the new 
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EIS. A tentative procedure would be to de- 
velop scalers which would distribute the 
aggregate series. 


Data Compatibility 


With most every data series originating from 
different primary data sources, some consid- 
eration has to be given to compatibility of the 
series. Different collection procedures, sam- 
pling rates, and processing can affect the ac- 
curacy of the calculated series. 

A proposal which may solve this compatibil- 
ity issue would be to modify completely the 
use and function of the census. The present 
census could be used primarily to identifv the 
establishment population, stratify it, and de- 
velop sampling weights for a series of census 
follow-on surveys. These follow-on surveys 
would collect the necessary data and be con- 
ducted each year based on a census sample. 
The annual follow-on surveys could keep 
track of each establishment and follow it 
through transfers to maintain its sample. 

A program like this would allow for elimina- 
tion of some surveys presently conducted and, 
most important, keep all series based on 
common sampling procedures and population 
definitions. 


Summary 


The data for evaluating the economic status of 
the farm sector have not historically been 
modified to reflect changes in structure and 
emphasis of the sector. The project under- 
taken in ESS has attempted to identify the is- 
sues, develop a framework, and implement the 
system including the collection of new data 
necessary to quantify the system. At present, 
the program is in the implementation stage, 
with the 1979 economic data being presented 
in the new framework where data permit. 
Also, new surveys, changes in existing sur- 
veys, and discussions with the Bureau of the 
Census on its role have been initiated to help 
overcome the existing data needs. 
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Changing Rural Development Data Needs: 


Discussion 
Peter M. Emerson 


In their paper on the changing nature of data 
needed to understand the economic and social 
affairs of rural people, Bonnen and Nelson 
have confronted an important challenge. The 
strengths of the paper originate from the au- 
thors’ insistence that a successful data base— 
including the definition of concepts, inquiry, 
measurement, and tabulation—can be derived 
only from a sound theoretical understanding of 
the relevant information system, and from 
their explicit recognition that social science 
data tend to become obsolete as a result of 
changes in technology and institutions and as a 
consequence of the ‘‘learning’’ (or adaptive) 
aspects of the information system itself. Oth- 
ers before them have emphasized that an 
analytical hypothesis and the data for its em- 
pirical test must have the same definitional 
base (Morgenstern, р. 62-64). However, this 
still needs emphasizing to some economists 
‘and sociologists, who too often show rela- 
tively little interest in survey design and data 
collection, preferring, it seems, to devote their 
time to the sophisticated manipulation and 
analysis of inappropriate data. 

The authors argue rather convincingly that 
the deficiencies of existing rural data are due 
not to a lack of knowledge about data gather- 
ing, or a shortage of funds, but to a lack of ‘‘an 
intellectually coherent, widely accepted nor- 
mative vision of the future of rural society." 
This, they contend, is caused by our inability 
to resolve the social value conflicts inherent in 
rural development and by the very rapid, 
technologically induced, changes that are tak- 
ing place in rural society. To help solve this 
problem, they offer a unique explanation of 
the evolution of rural development policy as 
an attempt to remedy imbalances among major 
social values, together with a more traditional 
discussion of new technologies and changes in 
social institutions that have created an ur- 
banized rural society. 
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The paper provides an interesting concep- 
tual overview of an ideal rural information sys- 
tem. Yet, after discussing the increasing het- 
erogeneity of rural society and the lack of 
agreement on development objectives, Bon- 
nen and Nelson provide no specific sug- 
Bestions to assist us in the difficult task of 
achieving a consensus on rural data needs. 
Thus, they do not move us much closer to 
understanding the specific dimensions of a 
practical rural data base. 

I think this shortcoming is related to two 
major weaknesses of the paper. First, the au- 
thors do not discuss the kinds of key decisions 
in which information derived from improved 
rural data would find a use. At first glance, it 
seems likely that information requirements 
vary greatly among potential users. Small 
town mayors, regional planners, federal pro- 
gram administrators, policy officials, and re- 
searchers are all interested in rural develop- 
ment data. But Bonnen and Nelson do not say 
whether there are any common threads linking 
their data needs together. 

Without a better understanding of key deci- 
sions, of the probability that certain events 
will occur once a decision is made, and of the 
payoffs one can expect, there is no way of 
being certain that improved or new data actu- 
ally will influence the rural development pro- 
cess and generate a positive return to society. 
Early in the paper we are told that the nonfarm 
rural population can no longer be ignored— 


-that we may have devoted too many resources 


to collecting data on the commercial farm sec- 
tor. Yet, it has been estimated that each dollar 
spent to increase the accuracy of USDA crop 
production estimates will return at least $100 
worth of benefit to society (Hayami and Peter- 
son, p. 128). Can Bonnen and Nelson claim a 
similar return for additional investment in 
rural development data? Can anyone demon- 
strate that a further expenditure of funds on 
social and demographic statistics, say more 
comprehensive data on rural housing condi- 
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tions, would be likely to yield a greater return 
than a similar expenditure of funcs to improve 
a more widely used data series such as man- 
ufacturers' new orders or some other impor- 
tant economic indicator? 

A second weakness of the paper is that the 
zuthors do not categorize, inventory, and 
critique existing rural data in a manner that 
leads to specific suggestions for improvement. 
These data are collected and reported at sub- 
stantial cost to private citizens, businessmen, 
and government agencies, and used to encour- 
ере remedial action. A first order of business 
should be to decide how we can improve the 
existing rural data series. Do certain kinds of 
Cata appear too infrequently? Are they inaccu- 
rate? A second order of business should he to 
Cetermine what data series are incomplete or 
izrelevant. What new series are needed, and 
what existing series could be eliminated? 

Given the lack of agreement on develop- 
ment objectives, the local nature of many rural 
problems, and the high cost of data, I certainly 
zgree with the authors’ conclusion that our 
current strategy for improving rural data 
should be experimental and flexible. Bryant 
has suggested that "emphasis should be on 
diverse small experimental and pilot projects 
which would simultaneously develop theoreti- 
cal concepts for area and regional planning 
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and analysis, their empirical statistical 
analogues, and methods of data collection" 
(p. 417). Under such a decentralized ap- 
poach, attention should be directed to coor- 
dmnation—at the national level, perhaps—in 
o-der to guarantee wide accessibility to data 
and to exchange information about work in 
progress. Bonnen and Nelson have pointed 
out that it is important to adopt procedures 
that will ensure the technical credibility of 
data, and to guard against efforts to politicize 
tke activities of problem definition, inquiry, 
amd reporting. Nevertheless, I think these 
problems will be especially difficult to control 
under a decentralized approach. 
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Some Concepts for Measuring the 
Economic Value of Rural Data: Discussion 


Thomas A. Miller 


Bullock has provided an excellent overview of 
the information value question as related to 
rural data. The audience has been guided to a 
number of concepts or areas that warrant in- 
depth study. I feel the following two points 
deserve special emphasis: 

(a) The primary reason we are interested in 
the economic value of rural data is to improve 
our rural data systems. Improved management 
of public information systems requires a 
knowledge of the role and value of the infor- 
mation being produced. The management 
needs of public information system managers 
should be the focus of future research on in- 
formation value. What information about the 
economic value of rural data is really needed 
to manage effectively these systems? 

(b) The theory related to the value of in- 
formation is abstract and complex. It provides 
little toward a practical analytical framework 
for empirical analysis. À specific piece of in- 
formation may be used by many different de- 
cision makers in many different ways—an 
overwhelmingly complex empirical problem. 
There is no simple formula to measure its eco- 
nomic value. 

Beyond emphasizing these points (and oth- 
ers if space permitted), I have no quarrel with 
the remainder of the paper. Instead, I would 
like to consider two additional topics: (a) the 
possible structural impact of information and 
(b) the process of choosing between informa- 
tion systems. 

Bullock briefly refers to the distributional 
and structural impact of information—this 
area deserves considerably more attention. I 
suspect that public rural data systems have a 
substantial and often overlooked impact on 
the structure of U.S. production agriculture, 
specifically among farms of different sizes. 

Beginning in the eighteenth century, Amer- 
ican agricultural policy has been to foster a 
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decentralized, atomistic, competitive agricul- 
ture. Early in our country's history, an ag- 
riculture characterized by numerous small 
firms was viewed as a primary means of ob- 
taining a competitive structure in the overall 
economy. Thus, I believe the USDA rural data 


System was designed in part to promote a 


highly competitive, atomistic agricultural sec- 
tor. Any discussion of the role of rural data, 
therefore, is incomplete unless it considers the 
question of how these information systems af- 
fect the structure of agriculture. 

A look at information economies of size is 
helpful in answering this question (Wilson). 
Substantial economies of size exist in informa- 
tion production. The production and acquisi- 
tion of information involves high fixed costs. 
Furthermore, information production is a 
risky enterprise, and information producers 
face both the possibility of producing useless 
information, as well as the possibility of pro- 
ducing no information. Because outside insur- 
ance generally cannot be purchased to offset 
this risk, a firm must be large enough to inter- 
nalize the risk of losses from information pro- 
duction before it can produce information 
through its own data collection and analysis 
(Riemenschneider). 

This combination of high fixed costs and 
risk leads to substantial economies of size 
for information production; and information 
economies of size contribute to firm econo- 
mies of size. Only large firms can afford to 
produce and effectively use information, and 
this activity increases their efficiency. Small 
firms are unable to produce information—and 
in the absence of public information—become 
inefficient in their decision making and lose 
their competitiveness. Information economies 
of size thus tend to encourage the develop- 
ment of large firms (created through both hori- 
zontal and vertical integration) and may con- 
tribute to industry concentration. Many ex- 
amples could be given; the multinational grain 
companies may be an example in agriculture. 
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But society can offset these information 
economies of size. Public informaiion systems 
produce a public good to be freely used by all. 
The advantage of large firms in information 
production is offset, and small firms become 
as efficient in the access to information as 
large firms. If this reasoning is correct, the 
public information systems of the U.S. De- 
partment of Agriculture (USDA) and other 
agencies producing rural data may currently 
te one of the major factors slowing the further 
concentration of agricultural production. If 
society values a competitive, family-farm type 
cf agriculture, an important value of our public 
rural data systems may be their contribution to 
agricultural structure. 

Valuing this contribution is difficult. As Bul- 
lock points out, ‘‘Even if we can establish a 
cause and effect relationship between the exis- 
tence of public information systems and indus- 
try structure, economic theory provides tittle 
operational methodology for estimating the 
value (or cost) of structural change.’’ So we 
zre left with a challenge. Public information 
systems may be an important defensive 
‘weapon to preserve the family ferm. Can the 
effectiveness of our rural data systems be im- 
proved in this regard? 

A second topic overlooked by the paper 
concerns an additional challenge—how deci- 
sion makers choose between alternative in- 
Zormation sources. Bullock notes that the per- 
Zect knowledge assumption of perfect compe- 
zition has led economists to ignore the role of 
-nformation. My concern is that even when we 
2ave considered the role of information, most 
applied studies have merely assumed decision 
makers use the existing (or improved or best) 
information. This practice overlcoks the criti- 
zal real world question: Do (would) decision 
makers actually use the specific type of infor- 
mation being evaluated or base decisions on 
some other information? 

The Hayami-Peterson work reviewed by 
Bullock provides a typical example. They as- 
sume decison makers base expectations and 
decisions on one specific forecast, regardless 
of its accuracy. This assumption guarantees a 
substantial value to accurate forecasts, if we 
accept the benefit model. Instead, the assump- 
tion should be the focus of empirical research, 
more than the benefit definitions or quantities 
involved. 

I have designated this process "'the informa- 
tion choice model” (Miller, p. 256). Decision 
makers, farmers, and consumers are often de- 
luged with information and base decisions 
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upon only a fraction of the total amount avail- 
able. This is certainly true in production ag- 
rizulture. For any information category, farm- 
ers are deluged with information from differ- 
ent sources—USDA, farm magazines, univer- 
sities, Department of Commerce, Wall Street 
Jeurnal, and industry associations, among 
o'hers. Decisions likely are made on the basis 
07 some of this information, but never on all of 
it. and seldom on the ''best" information 
available. 

Several factors influence the choice of in- 
fcrmation to obtain and use in a specific dect- 
sion-making question: (a) the cost and 
d fficulty of obtaining and using each specific 
р есе of information, (b) the perceived reliabil- 
ity of the different information sources, (c) the 
economic climate within which the decision 
maker operates, and (d) the nature and impor- 
tence of the particular decision being made. 
Fach of the multitude of available information 
sources has a unique acquisition cost as well 
a3 a perceived value to the decision. A deci- 
s:on maker chooses the specific pieces of in- 
formation to use in each decision based on 
sach factors. 

Because many public information programs, 
even rural data systems of USDA, overlap 
vith other private and industry information 
production systems, the marginal value of a 
specific piece of (rural) data depends primarily 
on the extent of its use and then on the private 
and social value of that use. Assuming the 
answer to the first question limits the useful- 
ness of answers to the second question. A 
major part of future research on information 
value must be to understand how decision 
makers select information and form expecta- 
trons based on this information. 

Bullock's paper and this discussion outline a 
formidable challenge. The need, however, is 
important, and the research warrants in- 
creased attention. 
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Farm Sector Data: Presentation and 
Improvement: Discussion 


Richard D. Rodefeld 


While I found considerable merit in many of 
the proposals advanced here today by Nicol, I 
also encountered a number of questions or 
issues that I would like to enumerate briefly 
for author and audience to consider. 

While not questioning the importance of 
macro and micro data on farm enterprise and 
operator assets, liabilities, and this, change 
over time, it would be useful to the reader if 
the author had located the concerns focused 
upon here within the broader context of farm 
sector data needs. Other types of economic 
data and a myriad of noneconomic data may 
be called for. Also, while enterprises, business 
owners (or operators), and their families. are 
major components of the farm sector, there 
are others as well. For instance: the farm pop- 
ulation, farm geographic and political areas 
and communities, and farm work force mem- 
bers who are not farm business owners (i.e., 
nonoperating farm land and capital owners, 
hired organizational and operational managers 
and hired workers). While the need for the 
types of data Nicol proposes quite likely are 
obvious to most, a brief review of the reasons 
for giving high priority to work on these—as 
opposed to other issues—would be useful. 

While Nicol addresses numerous concep- 
tual and measurement issues, others remain. I 
agree that major changes have occurred in 
both farm size and specialization—numerous 
other farm structural changes also have oc- 
curred. Examples are the increasing transfer 
of functions to nonfarm entities, increasing 
separation of farm business and asset own- 
ership, management, and labor, increasing re- 
liance of smaller operators on nonfarm in- 
come, increasing irrigation, changes in input 
quality, and increasing numbers of farm firms 
organized as corporations. What is the ratio- 
nale for identifying increased size and 
specialization, rather than one or more of 
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these other changes, as the ‘‘main changes in 
structure’’ that have influenced the effective- 
ness of present aggregate data? If these other 
changes have had an impact on this data, then, 
should they not also be measured more effec- 
tively? Also, is there not a need for greater 
disaggregation of these criteria as well? 

It is not yet clear how Nicol has defined the 
concept of ‘‘farm.’’ It can be defined either as 
a unitary business firm or as an operating unit. 
These are not the same because firms may 
have more than one operating unit. There may 
be growing utility for enumerating and study- 
ing both units. While the unit employed has no 
impact on the national aggregate data reported 
here, it does have implications for average 
farm unit characteristics and levels of resource 
concentration. If the unitary business firm is 
the proposed unit, then this is at variance with 
the Census of Agriculture, which enumerates 
and reports on operating units. 

Also, it is not entirely clear how the concept 
“farm operator” is defined or if it is defined 
and measured consistently within the farm 
work force. It may be defined as the ‘‘business 
owner” (i.e., the individual or legal entity that 
owns) or as the individual(s) or family(ies) in 
charge of day-to-day operations. Because 
farm business owners and operational man- 
agers are not always the same, it is important 
to specify which one is the focus and develop 
rationales, definitions, and procedures to in- 
sure unit constancy. 

Nicol implicitly recommends that the farm 
operator i.e., entity in charge, be defined as 
the farm legal entity, i.e., sole proprietorship, 
partnership, corporation. It is not clear at the 
individual level, however, whom he views as 
the operators of farm partnerships and corpo- 
rations. In sole proprietorships, it is clearly 
the solitary individual or family proprietor. 
Individuals occupying analogous positions in 
the other two types would be the individual or 
family partners and shareholders, i.e., the 
farm business owners. If this is the case, then, 
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to be consistent in the construction of ас- 
counts should not the farm-related assets, 


liabilities, production, and income, of these. 


business owners also be included. As the pro- 
posals now stand, there is no logical place 
either to identify or to report the characteris- 
tics of the individuals owning (operating?) 
partnerships and corporations. If I under- 
stand, farm assets owned by a family that 
rented these to a corporation (ш which the 
family was the sole shareholder) would not 
appear in the farm asset account. Thus, data 
reported for proprietorships, partnerships, 
and corporations will not be comparable. 
Another problem here is that the Census of 
Agriculture defines the ` агт operator'' as the 
person in charge of the day-to-day farm ac- 
tivities (i.e., the operational manager). While 
most are business owners, hired, nonown- 
ing managers also are included. Тћеге:15 some 
evidence of increasing divergence between 
farm business and asset ownership and man- 
agement. If so, information reported on farm 
operator characteristics by the Census of Ag- 
riculture and that resulting from Nicol's pro- 
posal will decline in comparability with time. 
The author suggests at one point that 
“where possible, the production process is 
being reported separately from the activity of 
the household or farm family ccntrolling the 
establishment." This clarifies cata analysis 
and interpretation and allows for the separate 
analyses of both entities. Establishment data 
analysis is complicated by the fact that some 
-establishments have multiple operating units 
within and across states. These rumbers may 
be increasing. Identifying, collecting, and 
analyzing the characteristics of ‘‘controlling 
households and families" is problematic since 
there are farm firms (a) where nc one nuclear 
or extended family controls or provides ma- 
jorities of business and asset ownership and/or 
managerial decisions, (b) which have different 
business and asset owners, organizational, 
and operational managers, or (c) which are 
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owned (controlled) by other firms (which may 
o: may not be controlled by one household or 
femily). 

The analysis of household data (or separa- 
tion from firm data) could be restricted to 
those firms owned and controlled by one fam- 
ily. However, this seems inconsistent with 
Nicol’s objective of improving the effective- 
ness of farm sector data. Some evidence 
shows increased ownership and control of 
ferm firms by extended families and groups of 
uarelated individuals. 

At one point, Nicol equates family-owned 
ferm businesses with "family farms." While 
there appears to be a trend toward such a 
d2finition in some quarters, it is at consider- 
able variance with most past definitions. While 
ail or most past definitions agree that own- 
ership of the farm business by a farmer is a 
n2cessary condition for a ‘‘family farm," few 
o> none identify this as a sufficient condition. 
Cther necessary conditions often specified are 
tFat the farm business owners also own all, 
most, or some of the farm land and nonland 
resources; make all or most of the farms orga- 
national and operational decisions; and, do 
all or most of the farm's physical labor outside 
seasonal fluctuations. While high and rea- 
sonably constant proportions of all farm 
basinesses continue to be owned by an indi- 
v:dual or family— decreasing proportions pos- 
sess the other traits at high levels. 

Briefer comments include the following. 
Егѕі, the treatment and location in the ac- 
counts of livestock and crops grown on a cus- 
tcm basis or provided by integrators are un- 
chear. Second, in a recent AAEA-USDA task 
fcrce report entitled "Measurement of U.S. 
Agricultural Productivity," numerous concep- 
tral and empirical problems are defined for 
many of the items included in the accounts 
presented by Nicol; however, Nicol does not 
identify or discuss many of them. The 
AAEA-USDA report may merit some more 
attention. 


Achieving Economic Efficiency and Equity in International Agricultural 


Trade and Development 


(Kenneth Nobe, Colorado State University, Presiding) 


The Role of the Multinational Corporation 


Ray Goldberg 


The purpose of this paper is to evaluate the 
role of the multinational corporation in achiev- 
ing economic efficiency and equity in interna- 
tional agricultural trade and development. In 
evaluating this institution, I prefer broad and 
rather imprecise definitions: ‘‘a cluster of cor- 
porations of diverse nationality joined to- 
gether by ties of common ownership and re- 
sponsive to a common management strategy” 
(Vernon, p. 114) or ‘‘all enterprises which con- 
trol assets—factories, mines, sales offices and 
the like in two or more countries’? (United 
Nations, p. 158). These institutions may be 
privately, publicly, cooperatively, or gov- 
ernmentally owned and have their principal 
headquarters in either a developed or a devel- 
oping country. The strength of each entity de- 
pends on its ability to provide market access, 
raw material procurement, appropriate tech- 
nology, management, financial packages, risk 
management, logistics, and coordination to a 
global food system in an efficient and profit- 
able manner that is responsive to the economic, 
social, and political priorities of the govern- 
ments of the nations in which it operates. The 
strategies of multinational entities are affected 
more by individual governmental actions than 
by any other factor. 


Governmental Priorities 


Each nation is concerned that food, energy, 
and credit policies fit into its political and so- 
cial priority system. These priorities include 
food price stability for consumers and produc- 
ers; national security and avoidance of too 
much dependence on outside suppliers; eco- 
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nomic stimulation for the general economy 
and use of underutilized human resources; 
avoidance of major change in food prices that 
then become part of a formal cost-of-living 
increase, which in turn fuels wage and other 
settlements adding to inflationary pressures; 
policies that affect the nutrition of a country, 
such as shipping out needed basic food 
supplies while importing less essential food 
items; policies that encourage energy efficient 
food production, processing, transportation, 
and distribution; policies that balance human 
and animal energy with fossil energy, foreign 
policy issues that give special barter arrange- 
ments to political allies, such as the exchange 
of sugar and oil at nonmarket prices between 
Cuba and the Soviet Union; balance of pay- 
ments considerations; ecology requirements; 
human welfare priorities, given the fact that 
food for most poor people in every country 
represents from 30% to 70% of their consump- 
tion expenditures; and, finally, the social 
structure of life—developing insulated policies 
for domestic commodity prices and protection 
to maintain small-scale farming agriculture as 
part of a way of lifé, and developing methods 
of reaching the small-scale producer in all 
countries without penalizing commercial pro- 
ducers who supply two-thirds of the world’s 
food. 

Historically, multinational enterprises in the 
food system sprawl across national boundaries 
filling a void in the vertical food system from 
farm supplier to ultimate consumer and carry- 
ing on those functions of input technology, 


-farming, grading, assembly, storage, process- 


ing, and distribution that either are not per- 
formed at ali or ineffectively performed by 
others in the total vertical food system we call 
*'agribusiness'' (Goldberg 1968). The fact that 
these entities have direct ownership of assets 
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or relations with other entities across national 
boundaries may seem to be a threat to nations, 
especially in the sensitive area of agribusiness 
zhat encompasses some 60% of the world’s 
population. In the past, some multinational 
entities were so eager to develop and manage a 
zotal vertical commodity system with the help 
and encouragement of local governments that 
they soon accounted for enormous percent- 
ages of a nation's gross national product 
(GNP) and exports—and when measured by 
size alone, were considered to be too powerful 
when compared to the small national-states in 
which they operated. Under these conditions, 
some firms had their assets exprcpriated, were 
asked to leave the country, but yst were asked 
to stay on in advisory capacities and to help 
manage and develop the potentizl export sales 
produced by their previously owned com- 
panies. 

This paper will not dwell on the past ac- 
tivities of multinational entities but rather will 
stress the current and future roles multina- 
tional firms: can play in global agribusiness 
trade and development. 


Theory of Foreign Direct Investment of 
Multinational Entities 


Researchers at Harvard Business School have 
developed one theory of the growth of foreign 
investment. Wells notes that ‘‘much of the 
theory of foreign direct investment starts from 
the assumption that certain firms have some 
sort of special assets that give them a competi- 
tive edge abroad. Various theor:es take differ- 
ent approaches to determine which firms are 
likely to have exploitable assets and whether 
they are likely to exploit those assets abroad 
through direct investment or by selling them to 
an enterprise in a foreign country. 

“Бог a decade or so, attention has focused 
on the nature of the assets that might make a 
firm competitive abroad. The product life 
cycle theory proposes one model. According 
to its premises, firms innovate for their home 
market, generating skills and knowledge that, 
in some cases, are then explcitable abroad. 
Since managers are responsive to their home 
markets, the nature of a particular firm's ad- 
vantage is influenced by the characteristics of 
that firm's national market. Given the nature 
of the U.S. market, U.S. firms are particularly 
likely to generate high income and labor- 
saving products or processes. As incomes and 
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labor costs increase outside the United States, 
іле skills acquired at home by U.S. firms turn 
into assets that can be exploited elsewhere. 
The peculiar nature of the U.S. market, as a 
tellwether of other markets, had led to the 
particular vitality of U.S.-based multination- 
215, according to the theory" (Wells 1979, 
E. 4). 


Theory Applied to Multinational 
Agribusiness Corporations 


The agribusiness system has three levels of 
operation: macroenvironment and public pol- 
izy; each commodity system in relation to its 
macroenvironment; and the firm, farmer, or 
governmental institution as discussed in 
specific terms of that entity in relation to the 
commodity system involved. 

Agribusiness firms then, both within and be- 
tween nations, not only have to develop skills 
and knowledge of the specific operational 
functions they perform but also have to de- 
velop coordinating roles that position them in 
both their national and international commod- 
ity system. They have to adapt their opera- 
-ional and technological skills and their coor- 
{inating skills to the level of development that 
zurrently exists within and between the na- 
zjons in which they are involved. Commodity 
3ystems do not stop at national borders, and 
multinational corporations, irrespective of 
:zheir national origins or their proprietary, 
zooperative, or governmental ownership, are 
simply responding to a need to be one type of 
zoordinating link in a global food system. 
They may have unique corporate strategies for 
their firms, but these strategies have to be 
zarried out in a manner that is responsive to 
Ihe goals of the national food systems in which 
their firms operate. Individual multinational 
corporations transfer their leadership role on 
the learning curve of one food system to the 
system that most closely resembles their home 
market. In a sophisticated developed market, 
the infrastructure and the market rules of the 
game are set forth by strong governments. In 
an unsophisticated developing market, the 
1nultinational firm may have to provide part of 
the infrastructure and, with the local govern- 
ment's approval, provide a grading and pricing 
system, as well as the firm's operational and 
coordinating skills. 

As one reviews examples of alternative 
roles of multinational entities in a global food 
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system, one must do so against (a) a frame- ` 


work of past, current, and future trends; (b) a 
statement of the issues that must be ad- 
dressed; and (c) a recognition that in spite of 
the consolidation of decision points in most 
national food systems at every level in the 
vertical food chain, there is a renewed vigor in 
the number and strength of multinational en- 
tities involved in both the developed and de- 
veloping country food systems. The mag- 
nitude of the internationalization of the 
world’s food system and the strength of the 
multinational entities is an opportunity to re- 
view the kinds of positive and socially useful 
roles these entities may play. As Galbraith 
states: ‘‘The exercise of power is not a matter 
of choice but of necessity. It is true of the 
multinational corporation, and it is wholly and 
equally true of the large national corporation. 

. Multinational intrusion by the corpora- 
tions of one country also forces reciprocal ac- 
tions by those intruded upon. ... The only 
reasonable defense of the multinational corpo- 
ration is now the truth. That it has power must 
be conceded. The only desirable defense is to 
hold that such exercise of power is inevitable 
and, if subject to proper guidance and re- 
straint, socially useful" (pp. 86-88). 


The Setting 


The internationalization of the world food sys- 
tem became evident in 1972 when the United 
States sold off its surpluses (now called re- 
serves) and grain prices increased almost 
300% with a worldwide production decrease of 
396. Volatile price swings for most commod- 
ities have continued and, coupled with volatile 
exchange and credit rates (Schuh), have had 
an impact on the kind, number, and structure 
of the multinational entities in the global food 
system. The United States and Canada have 
become the dominant surplus grain-producing 
area of the world. By the late 1970s the biggest 
deficit areas were Asia, Africa, and Eastern 
Europe, and new entrants from Japan and 
Europe became part of the U.S. grain export 
market and started to become part of the 
internal domestic grain system. 

The greatest challenge in the world is in the 
efficient and equitable development of the 
underdeveloped world food economies. In 
simplistic terms, the developing countries with 
70% of the world’s population produce only 
4096 of the food, have only 3096 of the world's 
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income, and only 20% of the purchased ag- 
ricultural inputs. 

Most population growth will take place in 
developing societies, with three-fourths of the 
world population being in the present develop- 
ing sector by 1985. Over half of the population 
is engaged in the world's food svstem (agribusi- 
ness). in addition, three-fourths of the 145 
million farm families in the world are non- 
commercial (produce primarily for them- 
selves) and have farms whose average size is 5 
hectares (11 acres) or less. How to reach these 
subsistent producers and enable them to be- 
come part of a commercial food system is an 
important factor in our discussion of the role 
of the multinational firm in international ag- 
ricultural trade and economic development. 
Adding to the food pressures of our expanding 
human population is the fact that, in addition 
to the 4.8 billion people in the world in 1985, 
we will also have by that year a livestock and 
poultry population of approximately 14. 9 bil- 
lion. > 


World Grain Production and: Trade Situation 
1980 and Projections 


Two-thirds of the world's farmers produce 
about one-third of the world's grain on their 
subsistence farms in developing countries. 
Another third of total grain is produced by 
developed country exporters (with the United 
States alone producing 25% of the world's 
grain production on only 117276 of the acreage 
devoted to grain production). About one-fifth 
of the world's grain production is produced by 
developed-country importers, and the remain- 
ing 1596 of the world grain is produced by the 
Soviet Union. 

The concentration of grain production in se- 
lected countries naturally results in a concen- 


tration of grain trade. Total world grain ex- 


ports increased from the 4% and 25 million 
tons in the late 1930s to 187 million tons in 
1979-80, or 15% of grain utilization and about 
1396 of production. By the year 2000, grain 
exports will be close to 300 million tons, with 
the United States supplying almost two- thirds 
of those exports. 

Because North America is the only sig- 
nificant surplus grain-producing area in the 
world, U.S. export policy is tied up with the 
development, export, and import policies of 
every nation. All U.S. agricultural exports, 
grain and nongrain, are forecasted to be $40 
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billion and over 160 million metric tons in the 
late 1979-1980 export year, providing the 
United States with a positive trade balance of 
522.5 billion. At the same time, our imports 
are estimated to be at an all-time high of $17.5 
billion, with the enormous responsibilities of 
providing market access for both developing 
and developed countries to the U.S. market. 
By 1990, of the estimated $100 b:llion of U.S. 
agricultural export sales, $50 bill:on will be to 
the middle to upper income developing coun- 
tries. These numbers are most important when 
one realizes that many of the procurement de- 
cisions are being made by governmental en- 
tities, that flexible long-term contractual rela- 
tions will become more important in our future 
trade policies, and individual multinational 
firm rules will change. 

In the future, our relationships with both the 
developing world and centrally planned econ- 
omies could become even more intertwined. 
As Leontief noted in The Future in the World 
Economy, as incomes and populztions rise by 
the year 2000, world agricultural production 
should increase by three to four times the 
1970s' level and per capita output should dou- 
ble. The average total growth ra:e for all de- 
veloping regions was projected to be 5.3% per 
annum from 1970 to 2000 and 1.6% per annum 
for the developed world. By the year 2000, it is 
projected that one out of every four cultivated 
acres in the United States will be producing 
food for the developing world. As it is now, 
cne out of every three cultivated acres in the 
U.S. is currently providing production for ex- 
ports. Is it any wonder that farm cooperative 
multinational firms are emerging with such a 
major market affecting American agriculture? 
I: is estimated that in 2000, one out of every 
two acres could be providing production for 
exports, with some of the remaining acreage 
being devoted to energy farming. 


U.S. Response 


The U.S. response to the agricultural eco- 
nomic development needs of the developing 
world historically has been a confused mixture 
of surplus disposal and aid programs: of 
unique export and import concessional sales 
aad markets, rapidly expanding export sales 
aad grain-trading quantity agreements in the 
1970s, and of financial and technical support 
d'rectly from the United States or through the 
World Bank, Overseas Private Investment 
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Company, or through private groups such as 
tke Latin American Agribusiness Develop- 
ment Co. (LAAD) or individual private and/or 
cooperative firms, and the encouragement of 
commodity agreements for sugar, wheat, and 
feed grains. 


Impact on Multinational Firm Strategies 


With the broad projected changes in world 
agricultural trade, the dramatic volume and 
dollar changes that occurred in the early 
1970s, and product life cycle theory of foreign 
drect investment, what roles can we expect 
multinational corporations to play? 


Tae Grain Traders 


Multinational grain trading has its sourcing 
focus іп North America. As American sur- 
puses dwindled in the early 1970s, a buy- 
er's market became a seller's market. This 
new market brought new entrants into the ex- 
port market and brought the potential of in- 
creased profit for some exporters. New firms, 
such as Cook, became market share leaders in 
1976, only to misjudge commodity export 
markets and end up selling out. Cook saw its 
profits deteriorate from $22 million in 1975- 
1976 to a loss of close to $81 million in 1977, 
with a subsequent sale of its grain and process- 
ing operations to Mitsui and Marubeni, 
Jzpanese multinationals, and to Gold Kist, an 
American farm cooperative. These sales were 
representative of new entrants into the grain- 
exporting business from the grain deficit areas 
of Southeast Asia and Europe. 

Zen-Noh. One example is that of the Zen- 
Noh Company.! This Japanese Cooperative? 
represents іп one commodity or another the 
five million farmers of Japan. Its selling and 
procurement functions amount to over $25 bil- 
licn a year. 

Dne long-term objective is to develop an 
iniernational Agribusiness Cooperative Center 
fo- the mutual benefit of all farmers. More 
specifically, it has trading and development 
relations with cooperatives in developing and 
developed countries all over the world. Re- 
cently (fall of 1979) its decision to build a 


! Many of the examples in the following sections are from 
Go-dberg et al. : 

2 Throughout this paper, farm cooperatives describes those 
created and managed by farmers, rather than "farm cooperatives” 
created by governments and managed as semipolitical institutions. 
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terminal grain elevator in the United States 
had added to its relationship with the U.S. 
farm economy. 

Alfred C. Toepfer International. Intrade, a 
joint American-European Cooperative,? has 
entered into an agreement with Toepfer, a 
German holding company, to create a new ag- 
ricultural commodity-trading company named 
Alfred C. Toepfer International. Although 
farmer cooperatives handled 40% of the U.S. 
grain domestically, they currently handle only 
10% of all grain exports. Intrade hopes to get 
farmer cooperatives more directly involved in 
the export market, to pass trading profits back 
to their farmer members, to improve their 
competitive position, and to promote integra- 
tion and development with farm cooperatives 
in both developing and developed countries. 
(20% of the world’s population belongs to one 
or more cooperatives, which are becoming a 
major international force, see Craig.) Never- 
theless, the cooperative-based Intrade will 
trade with all types of entities as well as 
cooperatives and source supplies from the 
least-cost nation, thus improving the ef- 
ficiency of the system and providing direct 
competition with proprietary multinational 
corporations. Like Zen-Noh, they will also 
engage in improving and helping the infra- 
structure and operations of developing country 
trading partners, be they sellers or buyers. 

Japanese Trading Firms. The Japanese mul- 
tinational proprietary corporations play a sig- 
nificant role in the Japanese mixed feed indus- 
try and work closely with the Japanese gov- 
ernment. One creative activity of Japanese 
multinational firms is the development of both 
an external and internal market system, 
through a Japanese-Thailand Corn Agreement 
existing since 1961, which provides a mutual- 
ity of interest for both the Thai corn system 
and the Japanese feed industry. The existence 
of the agreement, and an assured market ac- 
cess for Thailand during a period of global 
corn surplus, provided a market incentive that 
led to a more than threefold expansion of Thai 
corn production during this period (with occa- 
sional declines due to unusually adverse 
weather conditions). Not only was production 


> Тһе partners include from America: Gold Kist, Land 
O’ Lakes, Agway, Indiana Farm Bureau, Land Mark and Citrus 
World. The non-Americans include United Cooperatives of On- 
tario (UCO), Canada, CEBECO-HANDELSTAAD, Netherlands, 
Deutsche Raiffeinsen-Warenzentrale Gesellenschaft (DRWZ), 
Germany; Cetreide Import Gesellenschaft (GIE), Germany; and 
Union Nationale des Cooperatives Agricole De Crex Cereales 
(UNCAC), France. Е 
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increased but, because the agreement was tied 
to the price of the nearest trading month for 
corn on the Chicago Board of Trade, price 
discovery in terms of a published and broad- 
cast price was more readily available to pro- 
ducers. 

In essence, commodity trading firms do not 
just buy cheap and sell dear, but rather recog- 
nize that they are an integral part of the food 
policies of the countries in which they operate 
and help, in cooperation with the government, 
to improve the efficient handling of the com- 
modity through equitable agreements that, in 
turn, provide a price stimulus for local devel- 
oping and developed country producers. The 
firms involved are heterogenous, and thus 
they can have an on-farm or off-farm orienta- 
tion, a producing or consuming country orien- 
tation or a developed or developing country 
home of origin. In a sense, the internation- 
alization of the world’s food system has 
created an awareness in all the participants 
that they can create a multitude of interna- 
tional arrangements to be part of that system. 
In the early steps of development, with back- 
ward and forward coordination taking place, 
an increase in the number of participants di- 
rectly active in the global food system pro- 
vides a broad competitive market. One must 
be on the alert for the next stage of develop- 
ment, which may lead to new types of consoli- 
dation requiring new global, regional, and na- 
tional market rules and regulations. At the 
same time, these new entities recognize that it 
is not enough to be just the most efficient 
operator, one has to be the most innovative in 
responding to the equity needs of the explod- 
ing developing country markets and involve 
the small-scale producer in the process. 


Foreign Investors from the Third World 


One interesting development concerning the 
current and future role of the multinational 
firm is the increasing number of such firms 
with origins in developing countries. Professor 
Louis T. Wells, Jr., of the Harvard Business 
School faculty, is a leading authority in this 
area. Much of the following discussion is 
based on five of his recent publications. Wells 
indicates that approximately 1,100 foreign- 
owned projects in less developed countries 
have thus far been identified as having parents 
in other developing countries. These projects 
represent only a fraction of such investments, 
since they are generally understated in official 
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documents. As in the case of farmer coopera- 
tive multinational activity, their growth rate 
is much faster than that of their competitors 
who happen to be proprietary corporations. 

These developing country multinational 
firms seem to be uniquely well-positioned to 
have an advantage in the following areas: (а) 
the creation of small-scale technology as a 
by-product of Western technology adapted to 
developing country conditions and to the need 
to use more labor-intensive technology; (b) 
the ability to create flexible processing срега- 
tions that can produce multiproducts and mul- 
timodels for the internal small-scale markets 
of most developing countries; (c) the ability to 
modify operations to use local raw materials of 
less sophisticated quality to avoid external 
sourcing problems; (d) the ability to move 
from one developing country to another to 
avoid quotas on exports, e.g., quota hopping; 
(e) the ability to seek out countries that pro- 
vide access to restricted markets, e.g., in- 
vestments in Mauritius to gain access 1o the 
EEC; (f) the ability to develop (as dc their 
advanced country competitors) vertical inte- 
gration arrangements when long-term contracts 
break down because of unusually volatile 
markets; and (g) the ability to integrate for- 
ward into developed country markets by ac- 
quiring not only the value added and market 
distribution network but also branded fran- 
chises, such as the Brazilian Cooperative pur- 
chase of Hills Bros. Coffee in the United 
States. 

Wells also points out that in spite of some 
well-publicized foreign projects undertaken by 
state-owned firms from the developing coun- 
tries, a vast majority of the investments ema- 
nate from privately owned companies. In fact, 
as a matter of public policy, farmer coopera- 
tives have been encouraged by national gov- 
ernments to play a more active role in the 
global food system so that producers may 
have a more important part in these systems. 
It would seem that public policy also will en- 
courage developing country multinational 
firms to expand because of their special 
awareness of the problems of scale and of 
underutilization of labor as well as their con- 
tributions to an even more competitive global 
food environment. 


Multinationals and Government 
Joint-Venture Changemakers 


Just as there are leading changemakers at the 
indigenous and producer level, so there are 
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tnique multinational changemakers who are 
providing a much needed leadership in devel- 
cping-country food systems. Two such 
changemakers are Tate & Lyle and Booker 
McConnell, Ltd. Tate & Lyle represents the 
evolution of a sugar firm that has moved from 
reacting to local governmental programs to ac- 
tively trying to anticipate changes and provide 
collaborative leadership to the local private 
and public decisionmakers in the food system. 
-ts goal has been to create national companies 
run by iocal nationals but with strong bonds to 
ihe Tate & Lyle group. 

One of the best examples of a similar ag- 
-ibusiness approach is Booker Agriculture 
International Ltd. and its Mumias sugar 
scheme in Kenya. Even the severest critics of 
agribusiness applaud Booker's approach in the 
Mumias project and consider it one of the 
most important ways multinational corpora- 
lions in agribusiness can make contributions 
to developing food economies. As Susan 
George states in her book, How the Other Half 
Dies, "In another sense, the success of 
Mumias is a further argument that multina- 
tional agribusiness must be controlled, for 
when it is, it has a definite contribution to 
make. . . . Й арреагѕ to be an excellent speci- 
men of the contributions business could make 
to development if social goals, not merely 
profitability, were present in the project from 
the drawing board to the actual operation’’ 
(pp. 182—5). 

Such is the case of Mumias, which origi- 
nated with the Kenyan Government request- 
ing help and input from Booker on the project. 
Booker carried out a pilot project and, with 
the government, outlined a program to create 
a whole sugar system involving over 16,000 
small-scale producers and 2,500 other em- 
ployees, on a managing agency basis that 
compensates the company for productivity 
and efficiency. 


Multinationals Improving the Infrastructure 


Just as C. Itoh acted as a catalyst in the devel- 
opment of the Thailand corn economy through 
the Japanese-Thai Corn Agreement, other 
multinational firms have improved the food 
systems of their host countries through their 
operations in various foreign environments. 
One example is the case of Rafhan Maize, a 
CPC International joint venture in Pakistan. 
This company was formed to help in the ex- 
pansion of a local corn-processing industry. In 
order to expand the industry, Rafhan Maize at 
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the government’s request helped to provide an 
extension service to the local corn producers. 
They improved the corn technology of many 
farmers by providing a local market, guaran- 
teeing a minimum price for corn (even before it 
was planted), and provided credit, seed, fer- 
tilizer, and storage. In many cases, the new 
varieties of corn provided two crops where 
only one has been grown previously. Rafhan 
also provided a grading system where none 
existed before. The processing industry pro- 
vided local oil and starch products, which had 
been imported previously. 


Private Development Groups—Latin 
American Agribusiness Development 
Corporation 


LAAD is a profit-oriented private investment 
and development company. Incorporated in 
Panama in early 1970, the corporation devel- 
ops and finances modest-sized private ven- 
tures in the fields of agriculture, animal hus- 
bandry, forestry, and financial services in 
Central and South America and the Carib- 
bean. It helps develop local entrepreneurs to 
improve local food systems. 


New. Arrangements 


Agribusiness multinational corporations bring 
not only their unique production, procure- 
ment, processing, marketing, financial, and 
managerial skills to other nations, but they 
have been able to transfer the coordinating 
skills and arrangements from one environment 
and adapt them to another. One example is the 
Foods Division of The Coca Cola Company, 
which developed a unique arrangement with a 
Florida cooperative (Florida Orange Mar- 
keteers) so that the cooperative supplied the 
oranges, the Minute Maid Company of the 
Foods Division and the cooperative shared 
profits based on processing and marketing, 
and the ultimate distribution, advertising, and 
promotion was left to the corporation. In 
Brazil, the Foods Division of The Coca Cola 
Company has a similar arrangement with local 
orange growers who operate the raw material 
procurement operation; the growers and the 
company jointly share in the packaging opera- 
tions and the marketing is the function of the 
multinational corporation. 


New Entrants 


Because of the worldwide energy crisis and its 
impact on trade gaps, a new player will proba- 
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bly become more important in global agribusi- 
ness: the multinational oil company. In view 
of their financial surpluses, the oil companies 
have to consider what investments in addition 
to reinvesting in fossil energy might be appro- 
priate for their firms. Given that they now see 
the potential of ethanol and biomass energy, 
as well as the fact that they handle commod- 
ities, have a logistic system, and work with 
both developed and developing countries, it 
would be logical to assume that they would be 
prepared to invest in global agribusiness. 


Financial Implications 


Finally there are major financial problems that 
require multinational corporate aid in the de- 
velopment of new financial instruments that 
are more flexible in their payout to reflect the 
continuing volatility of the global commod- 
ity-oriented food system. According to the 
World Bank, the 1980 total disbursement of 
capital is estimated to be $70 billion, 1985 es- 
timate $122 billion, and 1990, $184 billion. Pri- 
vate loans would represent about 40% of this 
flow. Compared to such inflows is a trade gap 
of the non-oil developing countries projected 
to be $120 billion in 1990. Based on Mutsaers’ 
estimate, if basic economic growth rates are to 
be realized, repayment of principal and inter- 
est payments by the developing countries 
would need to rise during the 1980s about five 
times and would bring the total deficit to be 
financed by 1990 to $470 billion, of which me- 
dium- and long-term loans would need to pro- 
vide $320 billion (p. 1). 


Conclusion 


The global food system is in ferment. A 
heterogenous group of multinational entities 
are being created to respond to the market 
access, raw material procurement, appropri- 
ate technology, managerial, financial, logisti- 
cal, risk management, and coordination needs 
of the many nations that make up our global 
food system. These entities recognize that 
they must perform their functions in ways that 
are responsive to an equitable pricing system 
for producers and consumers, that are per- 
formed in a manner that helps the subsistent 
producer and low income consumer become 


part of a commercial food system. So far, pri- 


vate and cooperative multinational firms have 
been most creative in structuring such entities. 
The traditional ownership patterns of control- - 
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ling assets is changing to a management of 
complex relationships without automatic 
ownership of assets. The development of 
managers with a breadth of vision to perform 
their functions in a practical manner but with a 
responsiveness to the economic, political, and 
social priorities of the nations in which they 
cperate is a primary responsibility of these 
frms. The role of the multinational corpora- 
tion is to be but one alternative institution that 
coordinates a global food system. The fact that 
farm cooperative multinationals and develop- 
iag country multinationals are increasing their 
market shares in the performance of the vari- 
cus functions of a global food system is en- 
couraging evidence that at least for the present 
there is little to fear of domination by any one 
type of multinational entity. On the other 
Гапа, these entities, irrespective of ownership 
form and/or origin, are powerful and are also 
intelligent enough to heed Galbraith's advice 
that they be socially useful. The specific en- 
tities cited in this paper give evidence that 
there are many examples of the new breed of 
socially usefui, as well as functionally practi- 
cal, multinational corporations. 
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The Role of Export Cropping | in Less 


Developed Countries 
Jimmye S. Hillman 


Discussions about agricultural exports from 
poor countries (LDCs) often involve two 
diametrically opposed positions: those that 
view exports along with agribusiness and as- 
sociated phenomena as causing most of the 
problems of poor countries; and those that 
believe not only in an export orientation for 
the less developed countries (LDCs), but that 
agricultural, raw material, and food exports 
hold a key place in the economic development 
of many of them. At the outset, I should like to 
recognize the danger of generalizing because 
of the diversity of LDCs. Developing coun- 
tries vary greatly in size, resource endow- 
ments, economic and political systems, poli- 
cies, and economic stability, for example. This 
means that many of the issues surrounding 
LDC exports, indeed all LDC trade policies, 
are empirical questions that require consider- 
able research and frequently involve country- 
specific answers. 

The term ‘‘export cropping" appears to be 
the latest etymological variation of a terminol- 
ogy which has been around quite a long time; 
viz, ‘‘monoculture,”’ *'cash cropping," and 
even that old colonial fallout, ‘‘commodity 
scheme." Export cropping is defined here as 
the pattern of specialization in production and 
distribution evolving out of comparative ad- 
vantage and the capitalistic-oriented, devel- 
opment-trade model. 

Is the recent criticism of export cropping 
just a rallying point for world food and hunger 
campaigns and the politics of food, and for the 
developmental processes necessary to obtain 
food? Or, do the critics of export cropping 
imply something more fundamental about 
traditional economic and social organization, 
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human actions, and values? My feeling is that 
itis the latter. In any event, it appears that the 
current interest in export cropping has been 
accentuated by the increasingly intense inter- 
est in food and nutrition. Titles such as Food 
First, How the Other Half Dies, Feeding the 
Few, Diet for a Small: Planet, Bread for the 
World, and Overcoming World Hunger have 
generated a great amount of interest in food 
and development problems. Much of the liter- 
ature critical of export cropping is highly 
rhetorical and is characterized by general solu- 
tions and sweeping indictments. In Food First 
(Lappé and Collins), How the Other Half Dies 
and Feeding the Few (George), for example, 
the authors find fault with almost every devel- 
opment organization and imply that the entire 
social system needs change, particularly in the 
developed capitalistic countries. 

The Presidential Commission on World 
Hunger pointed out that the major world 
hunger problem today is not famine or starva- 
tion, but the less dramatic one of chronic 
undernutrition. This view is corroborated by 
Seckler. Sloganeering and rhetoric about the 
impact of export-cropping policies should not 
Obscure the need for programs to enhance ag- 
ricultural production, rural employment, and 
nutritional improvement in the LDCs. My key 
point is that export policies must be part of 
these programs. It will be argued that produc- 
tion and trade policies centered around ex- 
port-led growth make a positive difference for 
LDCs, because growth in incomes is the prin- 
cipal means of improvement in rural welfare, 
and exports provide an important means to 
generate income. The argument will be some- 
what tempered by considerations of self-suf- 
ficiency and food security, and a recognition 
of the importance of trade liberalization by the 
developed world. Nor are these comments 


. meant to detract from the importance of tech- 


nological change and increased efficiency in 
production for the domestic market in the 
LDCs. 
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Comparative Advantage 


The notion of comparative advantage is the 
centerpiece of traditional trade theory and the 
principal rationale advanced by proponents of 
export cropping. The thrust of the theory is 
premised on the recognition that nations, or 
regions, are differentially endowed with re- 
sources, including human capital. These dif- 
ferences also extend to asset ownership, 
taste-endowment and related demand-creating 
attributes. Production and specialization, in- 
cluding the exploitation of economies of scale, 
lead to increased levels of world output, and 
exchange of this increased output represents 
the gains from trade. 

Proponents of export cropping argue that by 
removal of the restricting assumptions of 
the traditional two-country, two-commodity 
model, the dynamic forces of trade promote 
and facilitate the complex processes of eco- 
nomic development and add important divi- 
dends, such as access to world food supplies. 
They argue further that trade encourages 
technological innovation and raises worker 
skills. Increases in the range of goods that can 
be purchased stimulates new wants and can 
create new areas of production or higher pro- 
ductivity. Only exports can enable low income 
nations to pay for those goods and services 
necessary for development but which they 
lack the capacity to produce. Finally, exports 
provide an important source of direct govern- 
ment revenue in many countries, as in 
Malaysia where, in recent years, 3096 federal 
funding has derived from export taxes. Cur- 
tailing exports and trade would mean seriously 
undermining the fiscal positions of nations 
which are without alternative sources of taxes. 
In sum, trade, through the execution of the 
principle of comparative advantage, brings nót 
only static gains to a country but also acts as a 
stimulus to growth. 

Table 1 presents some data from the Food 
and Agriculture Organization (FAO) which 
demonstrate the practical logic of comparative 
advantage. These figures purport to show that 
LDCs would experience a foreign exchange 
loss (and farmers a loss in gross and net reve- 
nues) if they switch land out of traditional 
export crops into domestic production of food 
crops at present imported. Such figures, 
though used here to suggest a basis for 
specialization and trade, can provide only 
crude generalizations because they assume 
static technology, do not take into account 
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Table 1. Foreign Exchange Value of Selected 
Crops to Developing Countries 


Export Unit Values per 
Hectare (US$)* 








1963 1975 
Coffee 320 769 
Cocoz 127 436 
Tea 1,001 1,197 
Tobacco 719 1,250 
Sugar 352 1,462» 

Import Unit Values per 
Hectare (US$)* 

Wheat 73 210 
Rice 83 283 
Barley 48 145 
Maize 58 169 





Source: FAO trade and production yearbooks. 

3 Average export unit value multiplied by average yield in devel- 
pping market. 

э $1,462 in 1972-74. 

> Average import unit value multiplied by average yield in devel- 
oping market economies. 


differential conditions of soil and climate for 
alternate crop use, ignore differences in input 
zosts, and assume homogeneity of labor and 
static employment conditions. Nevertheless, 
the differences in the above qualifications 
would have to be very large indeed to over- 
zome the substantial differences in gross reve- 
aues evidenced in table 1. 

Table 1 also indicates rather substantial in- 
zreases in the prices of agricultural products, 
and this trend is confirmed by more aggregate 
Jata. Furthermore, during the 1960s and 1970s 
-here appeared to be little, if any, deterioration 
zn the average terms of trade between agricul- 
-ural and manufactured products. The World 
3ank price index for manufactured goods im- 
2orted by LDCs increased by 246% between 
1961—78. The FAO price index of LDC agricul- 
-ural exports increased by 280%, while the 
эпсе index of food imports increased by 
250%. Thus, there appears little basis to sug- 
sest that countries have much to gain by di- 
minishing their levels of agricultural exports. 

Such figures, even if they provide a broad 
indication of the imprudence of shifting into 
Food and out of export crops do not necessar- 
My provide a basis for recommending further 
concentration on export cropping. Such cau- 
tion has been neatly summarized by Lewis ina 
brief commentary on the factoral terms of 
trade as between the tropics and temperate 
zones (1978, pp. 14-20). He argues that the 
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tropical countries cannot benefit much from 
productivity increases in export commodities 
because of inelastic demand. Instead they 
must raise tropical productivity in the com- 
modity common to all countries, domestic 
foodstuffs. | 

Given the prominence of food crops in the 
agricultural sector of most LDCs and the lim- 
-ited potential increases for most agricultural 
exports, the -brightest prospects for growth 
may well lie with domestic food crops. But the 
key issue for LDCs will involve their ability to 
develop new varieties and technologies that 
will increase factor productivity sufficiently to 
induce comparative advantage and thus make 
food crop production economically attractive 
to farmers without major government sub- 
sidies. Research and development expenditure 
in tropical agriculture traditionally has been 
oriented toward export crops, while many of 
the prominent food crops—maize, millet, sor- 
ghum, cassava (manioc), yams, beans—have 
received little attention. Even for commodities 
which have benefited from research invest- 
ment in recent years, such as rice and wheat, 
substantial potential remains. The potential 
for rainfed rice, for example, which comprises 
over 30% of Asian production, has yet to be 
intensively researched (Barker and Herdt). In 
addition to the development of improved vari- 
eties, increased productivity in food crops 
frequently will require new input technologies 
which make use of simple mechanical inputs 
to substitute for labor. While the potential for 
increased productivity may be unknown, it 
is clear that without major increases in re- 
search and development expenditures little 
improvement can be expected. 

Instability of prices and the resultant erratic 
earnings from export crops present further 
problems for LDCs. There is substantial truth 
to the proposition that relatively low, short- 
run elasticities of supply and demand for the 
export crops of LDCs result in significant 
price instability. But government policies in 
the countries themselves contribute sig- 
nificantly to that instability. Some research on 
the subject shows, however, that while price 
instability imposes costs through its effects 
upon the allocation of resources, it is not ob- 
vious that it has been the LDCs that have lost 
from the income transfers brought about by 
convulsions such as the upsurge in agricultural 
prices after mid-1972 (Johnson 1978, p. 198). 
Other research on uncertainty provides grist 
for those who are unwilling to follow the pure 
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theory of comparative advantage to its logical 
conclusion. 

Problems in LDCs related to those particu- 
lar crops whose prices are low and declining in 
real terms and to slow market growth and 
declining purchasing power are more intracta- 
ble than the problem of price instability. 

A number of studies using varying meth- 
odologies have attempted to analyze compara- 
tive advantage empirically. One such study 
analyzes a small, open economy—Senegal— 
under the assumption of aversion of economic 
policy makers to international price risk (Jab- 
ara and Thompson). The results show that a 
country may, indeed, be better off in a more 
diversified position than by taking the route of 
traditional comparative advantage. That is, 
under assumptions which include international 
price risk, a policy of free, undistorted trade 
may not be the first best policy for all small 
countries to follow. The authors of this study 
admit, however, that such programs should be 
consistent with a broader concept of compara- 
tive advantage which recognizes that risk has 
a subjective cost. 

Another study of Senegal comes to some- 
what different conclusions, more explicitly 
favorable to comparative advantage and 
export cropping (Pearson, Humphreys, 
Monke). The analysis shows that domestic 
production requires an average subsidy of 67% 
of c.i.f. prices, and that if the government 
desired protection against fluctuations in c.i.f. 
prices, a financial buffer fund is clearly more 
efficient than a domestic production subsidy. 
Only if rice were unavailable on the world 
market at any price does the alternative of 
domestic production, or diversification in food 
production, appear economically rational. 
Furthermore, the argument goes, domestic 
production itself is not free from uncertainty. 


Self-Sufficiency in Food? 


If comparative advantage is the centrifugal 
economic force propelling developing coun- 
tries into the export world, then self-suf- 
ficiency in food would appear to be the cen- 
tripetal political force which is drawing those 
countries inward for domestic solutions to 
their development problems. Self-sufficiency 
in food is viewed by many countries as the 
only alternative to export cropping and com- 
parative advantage, and they place it at the 
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heart of their national development and their 
food and agricultural policies. 

Provisional self-sufficiency estimates by 
FAO (1975) presented in table 2 for 103 coun- 
tries (only 596 of the world population was not 
included) show that 3 billion of the world's 
population of 3.7 billion at that time lived 
in countries, each of which was at least 
95% self-sufficient in kilocalories (O' Hagan). 
Somewhat unexpectedly, developed countries 
were less self-sufficient than developing coun- 
tries, a fact which should not be lost on the 
export-cropping critics. Admittedly, the statis- 
tics presented in table 2 provide only part of 
the picture. | 

The current emphasis on self-sufficiency for 
food in developing countries is reminiscent of 
the rush toward import-substitution of man- 
ufactures in the 1950s and 1960s. The most 
frequently articulated reasons for self-suf- 
ficiency involve conservation of scarce foreign 
exchange, protection of an economy against 
instability arising from fluctuating import 
prices, and insulation of a country from pre- 
sumed political vulnerability associated with 
dependence on imports. Self-sufficiency, in 
short, often tempers comparative advantage 
because governments are responding to uncer- 
tainty in food supplies, depleted foreign ex- 
change reserves, and poor income distribution 
with measures of direct intervention. 

The North-South Commission, for example, 
suggests that in a broad perspective, self-suf- 
ficiency in food must be the aim of the world’s 
major regions (North-South Commission, p. 
93). This and other works emphasize that the 
concept of self-sufficiency in food is an op- 
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-imum development strategy for developing 
zountries (FAO 1975, 1979; O' Hagan). 

Demands for self-sufficiency rarely address 
zhe appropriate degree of self-sufficiency, nor 
do they consider the costs involved in attain- 
-ng self-sufficiency. But these factors are fre- 
quently the crux of the matter. Large-scale 
subsidization of agriculture is an expensive 
»usiness for a country with 50% or more of its 
-abor force on farms. Also, production costs in 
“arming can rise rapidly when output is stimu- 
‘ated in regions badly suited to such farming. 
Variability in output can be more severe when 
self-sufficiency levels are higher than war-. 
-anted by natural resource endowments. 
Moreover, imports of production inputs and 
‘nvestment goods for agriculture can put al- 
nost as much strain on the payments position 
as would importing the foodstuff itself. De- 
spite self-sufficiency and export-cropping 
-hetoric and genuine aspirations, these factors 
suggest that a continued expansion in the ab- 
3olute level of food imports by developing 
zountries might be required due to the con- 
straints on domestic budgets (Josling). 

In conclusion, whether more or less self- 
sufficiency is desirable becomes an empirical 
question for each country, demanding more 
»bjective analysis. First of all, the costs of a 
self-sufficiency policy must be given more 
2mphasis. Achieving improvements in income 
distribution involves both income sacrifices 
and transfers from urban consumers through 
nigher food prices—thus, the urban poor suf- 
Zer. While government policy discriminates 
against food production in some countries by 
taxation of inputs and outputs, it is question- 


Table 2. National Food Self-Sufficiency, 1970-72 














Approximately 
Food Surplus Self-Sufficient Food Deficit 
Countries Countries Countries 
(Over 105% Self- (95%-105% Self- (Under 95% Self- 
Sufficient) Sufficient) Sufficient) 
Developed countries 
Number of countries li 7 8 
Percentage of country 
group population 33 38 29 
Developing countries 
Number of countries 22 25 30 
Percentage of country 
group population 14 72 14 
Total countries covered 
Number of countries 33 50 38 
Percentage of population 19 62 19 











Source: Adapted from FAO (1975). Self-sufficiency mzasured in terms of kilocalories. 
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able whether strong policies of self-sufficiency 
can be pushed in most countries before effec- 
tive research and development programs are 
established for domestic food production and 
distribution. On the other hand, it must also be 
noted that current export levels in many de- 
veloping countries do not reflect free trade, 
and distorted policies may in some cases over- 
emphasize exports (e.g., by subsidies) or re- 
strain export development (e.g., by export tax 
schemes). 


Export-Led Growth 


A policy of export-led growth in develop- 
ing nations—including agricultural commod- 
ities—is closely tied in with global eco- 
nomic trends. Trade in agricultural goods 
is inevitably linked with trade in nonagricul- 
tural goods; thus, the market for agricultural 
products of developing countries is inextrica- 
bly linked to the world market for their man- 
ufacturing products. World industrial produc- 
tion grew at an average rate of just under 6% 
and world agricultural output at a rate of just 
under 5% during the period 1953-73. These 
were double the rates of the four decades just 
prior to World War I. World trade, along with 
agricultural trade, jumped in a similar way. 
Total exports of the developing countries rose 
by nearly 7% per year between 1960 and 1973, 
or faster than the annual growth rate of their 
gross national product (Lewis 1979). Man- 
ufacturing exports from developing countries 
increased even more rapidly during that 
period—at more than twice the rate of gross 
national product (GNP). Thus, export-ori- 
ented policies of developing countries, but- 
tressed by high growth rates in the industrial 
nations and major trade liberalization in those 
nations prior to 1974, were generally success- 
ful. 

A variety of studies have demonstrated that 
growth performance has been тоге satisfac- 
tory under export promotion strategies than 
under import substitution strategies. Krueger 
concluded that countries which adopt an ex- 
port-oriented trade strategy generally have 
experienced rapid growth of traditional ex- 
ports, but even more rapid growth of nontradi- 
tional exports. The relationship between ex- 
port performance and growth has been tested 


by the experience of many countries for (a). 
` kets to correct problems rooted in factor mar- 


rates of growth of real GNP and of exports, 
(b) real GNP net of exports and exports, and 
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(c) for rates of growth of GNP as a function of 
rate of capital formation, aid receipts, and ex- 
port growth. Detailed studies at the national 
level, both for different time periods in the 
same country (for example, the Philippines 
and Turkey) and of countries (for example, on 
the positive side: Brazil, Colombia, Ivory 
Coast, Korea, Malaysia and Taiwan; on the 
negative side: Argentina, Egypt and India) 
provide further support for the strong link be- 
tween export performance and growth rates. 

Why such a difference in growth perfor- 
mance under export promotion strategies as 
contrasted to import substitution? Krueger (p. 
288-92) and the studies she reviews point out 
(a) that technological-economic factors imply 
an overwhelming superiority for development 
through export promotion: (b) that differences 
in growth rates have often resulted, not from 
the.choice of trade strategy as such, but rather 
from excesses in the ways in which import 
substitution policies were administered; and 
(c) that policies adopted in pursuit of an ex- 
port promotion strategy are far closer to an 
optimum than are those adopted under import 
substitution. 

How to come by increased efficiency and 
development in a developing country’s ag- 
riculture is the problem which concerns both 
export croppers and those interested in food 
self-sufficiency. Johnson (1980) has given a 
general policy recipe which stipulates (a) ade- 
quate incentives for farmers through prices of 
products and imports that have a reasonable 
relationship to the real alternative values in 
the international market; (b) the development 
and availability of useful technology that will 
make possible higher levels of productivity of 
agricultural resources, both from land and 
labor; (c) adequate and reliable supplies of 
modern inputs for farmers; (d) access to na- 
tional and international markets for farmers; 
(e) a significant improvement and expansion 
of irrigation; and (f) economic, political, and 
social systems which permit the farm popula- 
tion to share in economic growth. The impor- 
tance of the latter factor, equity, has been 
emphasized by Schuh, who asserts that farm 
and rural people in developed couniries are 
poor and inefficient because their govern- 
ments have seriously underinvested in them, 
particularly in terms of health and education. 
Instead, governments have followed inappro- 
priate policies which keep farm prices low by 
decree and which intervene in product mar- 


kets. 
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Ultimately, food security is one of the real 
reasons countries turn toward self-sufficiency 
schemes rather than let comparative advan- 
tage and free trade run their course. In Egypt, 
for example, like many developing countries, 
the major policy issue is whether to strive for 
self-sufficieacy or rely on international trade 
for food. Egyptian policy currently favors the 
latter. A popular definition of food security in 
Egypt is to strive for a balanced agricultural 
trade—to have cotton and other agricultural 
exports pav for the imports of food. (MASI- 
GROUP). 

Hence, a policy of export-led growth, in 
addition to dealing with problems of increasing 
productivity, employment, and equity in the 
agricultural sector, also must deal with the 
problems of economic uncertainty and the in- 
stability in food supplies. The principal con- 
troversy surrounding food security relates 
primarily to man's policy role, not to the lim- 
itations of man and nature to produce enough 
food. Export-cropping critics point to the 
world's physical resources and man's techni- 
cal skills and imply that for people to go hun- 
gry is not à scourge but a scandal. Man is to 
blame; the system must be changed. Others, 
looking at the same situation, say, indeed, 
man is to blame, but it is man the political 
manipulator who intervenes in the production 
and distribution system, and not man the 
farmer, or scientist, or extension worker, or 
food distributor. Experience and evidence 
tend to su»stantiate the latter view. 

In historical perspective, food security has 
increased because of economic development 
and the resultant international distribution 
processes. Various studies have shown that 
world economic growth and associated tech- 
nological changes have greatly increased food 
security over the past century. Dramatic 
changes in communication and transportation, 
coupled with enlightened social attitudes to- 
ward the elleviation of starvation and hunger, 
have combined to assure access to food 
supplies for most communities and regions. 
An apparent reduction in the variability of 
world grain production, along with increased 
per capita incomes for much of the world’s 
population, have combined to give them ac- 
cess to food reserves through trade and have 
added to world food security. 


Trade Liberalization 


Before proceeding to specifics ubout trade 
liberalization, itis necessary to emphasize that 
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our scenario for export-led growth of LDCs is 
linked by trade to the speed of growth in the 
developed countries (DCs). In primary com- 
modities, the relationship has been close for a 
long time (Lewis 1979, p. 9). The terms of 
trade also fluctuate with the growth rate of 
DCs within the limits permitted by the high 
elasticity of supply of tropical raw materials 
and by the link between agricultural materials 
and the price of grains. Since World War II 
there has emerged a new trade linkage involv- 
ing exports of manufactures from LDCs to 
DCs, which depends on the rate of growth in 
the DCs, not merely because the growth af- 
fects consumer demand, but also because it 
influences the willingness of governments in 
the industrialized world to allow such imports 
to enter. Many LDCs have found that the ef- 
fect of these links is multiplied by the further 
link between prosperity in their export trades 
and industrialization for their domestic mar- 
ket. Growth in the industrialized world is, 
therefore, a necessary condition to induce in- 
creased exports from the LDCs, but there 
must be trade liberalization as well, especially 
decreased barriers to exports of manufactures 
from the LDCs to the DCs. Given the demon- 
strated links between growth and trade, what 
the LDCs need is (a) that the industrialized 
world should grow as fast as possible, and (b) 
that it lowers its protection against goods from 
LDCs, especially against processed agricul- 
tural products and manufactures. 

A large number of products are subject to 
trade barriers from industrial countries, which 
result from a desire to protect their own 
domestic production. Conclusions from a re- 
cent study undertaken for FAO (Valdes) are in 
general accord with several other studies 
which examine the impact of agricultural pro- 
tection. That study concludes that a 50% re- 
duction in the protection given to food and 
processed food and feed commodities in 
OECD countries would lead to a $3 billion 
increase in the annual exports of the fifty- 
seven most populous developing countries. 
Such an increase would amount to approxi- 
mately 15% of total exports of the seventy- 
nine commodities included in the analysis. 
Furthermore, full trade liberalization in the 
commodities would about double the gains. 

The potential gross benefit to the fifty-seven 
developing countries from a 50% reduction in 
protection—expressed in annual flows for the 
main products concerned—-are shown in table 
3. Sugar, beef and veal, and wine account for 
two-thirds of the overall increase, whereas 
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Table 3. Potential Foreign Exchange Benefits 
to Fifty-Seven Developing Countries from 50% 
Reduction of Protection in OECD Countries 





Increase in Percentage 
Value of Increase 
Commodity Exports? in Value 
------ ($million) ------ 
Raw sugar 659.0 22.6 
Beef and veal 590.8 58.7 
Wine 495.2 76.7 
Refined sugar 222.1 134.4 
Green coffee 136.0 2.7 
Maize 82.2 7.5 
Cocoa butter oil 61.1 24.1 
Wheat 57.9 19.1 
Pig meat 53.2 339.7 
Tea 49.0 4.8 
Molasses 42.6 20.6 
Olive oil 38.0 19.7 
Groundnut oil 31.6 11.8 
Cocoa beans 31.8 2.1 
Citrus juice 30.5 35.6 
Coconut oil 27.9 8.2 
Palm oil 24.7 4.7 
Cassava 21.9 3.6 
Soy cake 21.6 7.1 
Groundnut cake 19.3 7.5 
Bananas 18.2 4.2 
Barley 16.3 78.2 
Coffee extracts, etc. 16.2 8.9 
Oranges 15.7 6.5 








Source: Valdes. 
® Valued in 1977 prices. 


coffee, cocoa, tea, and bananas combined 
would amount to less than 10%. 

The study by Valdes estimates that even 
larger benefits could be achieved through in- 
creased processing of agricultural raw mate- 
rials in developing countries before export. If 
natural rubber, cotton, jute, hides and skins, 
and timber, at present exported in primary 
form, underwent intermediate processing in 
developing countries before export, their 
gross foreign exchange earnings could at least 
double from $6.7 billion to $13.5 billion, based 
on 1975 figures. Moreover, if the processing of 
rubber and cotton could be undertaken to a 
second stage of manufacturing, additional ex- 
port gains of $4.6 billion could be achieved. 

Trade liberalization relative to the agricul- 
tural products and raw materials (including 
processing) above may not be sufficient to 
achieve gains of these magnitudes, nor every- 
thing hoped for by LDCs. There is no doubt, 
however, that restrictions on trade in pro- 
cessed agricultural products, through the use 
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of tariff escalation and nontariff barriers, con- 
stitute a major limit to faster growth in the 
export of these products from developing 
countries. | 

While exports of primary commodities will 
continue to be important for the LDCs, the 
export of manufactures constitutes a more im- 
portant element for many poor nations’ eco- 
nomic development. Thus, is emphasized the 
great importance of liberal trade policy as a 
complement to the rapid growth policies in 
industrial countries in order to increase eco- 
nomic well-being in the LDCs. In this regard, 
the results of the Multilateral Trade Negotia- 
tions (MTN), concluded in 1979, were disap- 
pointing. During the past fifteen years the 
main center of debate on economic develop- 
ment, as far as trade is concerned, was trans- 
ferred from the General Agreement on Tariffs 
and Trade (GATT) to the United Nations Con- 
ference on Trade and Development (UNC- 
TAD). Except for preference schemes for 
manufactured products from LDCs, the 
Tokyo Round of GATT negotiations were not 
formulated very differently than those of the 
Kennedy Round insofar as LDCs were con- 
cerned. GATT missed the opportunity during 
those years to accept principles along the lines 
which would have accorded free entry to im- 
ports from LDCs at an early date as an ad- 
vance installment, so to speak, of the eventual 
achievement of the general elimination of 
tariffs, which in theory should be the logical 
outcome of future rounds of tariff negotia- 
tions. 

Unfortunately, the glamor which was at- 
tached to the ideas of ‘‘preferential treatment" 
in the quatrennial UNCTAD debates 
swamped the strength of the free entry and 
eventual tariff elimination arguments. The 
"generalized preference schemes’’ (GSP) 
which have emerged suffer from many de- 
fects. Most schemes are quite substantially 
circumscribed in scope, and in almost all cases 
incorporate exceptions and mechanisms of 
safeguards and control. These exceptions and 
safeguards are of such nature to lend credence 
to the charge that they are designed to make 
sure that competition can be cut off or at least 
deprived of any encouragement as soon as it 
threatens to become effective or significant. 
Such treatment, including time limitations for 
GSP treatment—such as the ten-year period 
incorporated in U.S. legislation (U.S. Trade 
Act of 1974)—also substantiate accusations 
relative to uncertainty and instability attached 
to imports from LDCs. In short, LDCs have 


382 May 1981 


much more to gain from multilateral tariff re- 
ductions than from maintaining preferential 
margins, on which UNCTAD efforts have 
concentrated in recent years. This is because 
tariff reductions do not involve quantitative 
limitations on trade and are not reversible, 
while imports under preferences are subject to 
quotas and can be revoked on short notice. 
Developing countries, as implied earlier, need 
a stable environment in which shifts in the 
international division of labor so necessary for 
their rapid economic growth can take place. 

In addition to the question of preference 
margins and free entry, other areas of concern 
to LDCs were not dealt with adequately in the 
recently completed trade negotiations. Quan- 
titative restrictions, especially those typified 
by the Multi-Fiber Arrangement (quota), lead 
the list. Specific exceptions that industrialized 
countries have made to the agreed tariff-cut- 
ting formula is another area of concern. De- 
veloping countries are also apprehensive 
about the "selectivity clause," which some 
industrial countries insisted upon being in- 
cluded in the proposed code on safeguards. 
Developing countries are also worried that the 
surveillance machinery and sanction powers 
remain too weak, because it could be the 
poorer members of the international commu- 
aity who would suffer from violations of the 
»roposed codes of conduct agreed on at 
Geneva. 


Concluding Remarks 


Export-cropping critics are worried about 
many of the right symptoms of economic de- 
velopment, hunger, and nutrition problems. 
When compared with most organizations 
which have studied these problems in depth, 
however, they differ as to causes and cures. 
The principal benefit derived from literature 
critical of export cropping is the fact that it has 
ZCorced the reexamination of methods and 
»lans being used by traditional development 
organizations. Closer scrutiny has resulted in 
the correction of errors and better execution 
of programs. 


That type of contribution, while generating 
interest in food and development problems, 
contributes little to their basic solution. Ex- 
port-cropping critics appear to ignore or to 
turn their backs on empirical evidence that 
indicates the benefits derived from compara- 
tive advantage, trade, and export-led growth. 
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They seem to ignore that along with the ben- 
efits of self-sufficiency policies there come 
substantial costs and risks. That is, variations 
in domestic food output are going to be high 
and the resulting price variability will be as 
"ulnerable as that associated with export 
crops. 

Finally, the simplistic and superficial 
rhetoric which surrounds the self-sufficiency- 
export controversy often ignores the great di- 
versity of developing country problems. The 
literature is often not research-oriented, and in 
zddition to its vague generalizations, commits 
the gross error of extrapolating the experi- 
ences of one country to the entire developing 
world. My suggestion is that the most extreme 
of the export-cropping critics redirect some of 
their energies to collecting and analyzing un- 
biased, representative, empirical data on 
specific problems for specific countries. I am 
confident that these data will demonstrate the 
Lig gains to be obtained through higher-valued 
exports and trade rather than reducing present 
exports by switching resources to agricultural 
self-sufficiency. It is only at the individual 
country level that solutions to the export-self- 
sufficiency controversy can be found. 
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The Role of Land Reform in Economic 
Development: Policies and Politics 


Alain de Janvry 


As the extensive literature on the subject at- 
tests, the issue of land reform has been and 
remains heatedly debated.! The latest massive 
demonstration of interest came with the 1979 
World Conference on Agrarian Reform and 
Rural Development, where representatives of 
no less than 145 nations and tkree liberation 
movements agreed that ‘‘equitable distribu- 
tion and efficient use of land . . . are indispens- 
able for rural development, for the mobiliza- 
tion of human resources, and for increased 
production for the alleviation of poverty" 
(FAO). At one time or another, but especially 
since 1960, virtually every country in the 
world has passed land reform laws. Yet, the 
record is far more modest than the prcmise: 
(a) in spite of decades, if not centuries 
(Tuma), of land reform activities, landowner- 
ship remains extremely skewed, concent-ation 
of landownership is almost universally in- 
creasing, the mass of landless is growing rap- 
idly, and the extent of rural poverty and mal- 
nutrition has reached horrendous proportions; 
and (b) in spite of widespread agreement on 
the need for land reform, there are virtually no 
significant ongoing land reform programs ex- 
cept under extreme political pressures (revo- 
lutionary in El Salvador and pos:revolutionary 
in Nicaragua, Mozambique, and Angola). In 
several countries, the progressive gains 
achieved by land reform programs are being 
either eroded by the forces of economic 
growth (Mexico, Venezuela, and South 
Korea) or purposefully canceled by public pol- 
icies (Chile). 

The question I want to explore in this paper 


is: Why this blatant discrepancy between 


rhetoric and reality? Or, to put it another way, 
why is land reform no longer a significant pol- 
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! For Latin America only, see Land Tenure Center. 


icy issue even though it remains an important 
political issue in most countries of the world?? 
To answer, we need first to explore, in a posi- 
tive sense, what has been the nature of differ- 
ent land reforms that occurred in the past; 
"vhat were their purposes, achievements, and 
Hmits. This will be done by developing a 
typology of land reforms in the third world, 
because it is essential to distinguish carefully 
among a wide variety of reforms. Following 
the approach of political economy, I will do 
this in the context of modes of production, 
zocial class structure, and types of land 
ienure. 

Using this typology, we can then charac- 
terize the nature of past land reforms and iden- 
tify the needed character of future reforms, 
given the actual state of the agrarian structure. 
This gives us a basis from which to seek an- 
swers to the question as to why land reform 
appears to be a dead policy issue in most coun- 
tries today. 

By looking at the wide array of rationales 
and proposals for land reform, we can then 
:dentify a number of political stands on the 
expected role of land reform in the process of 
aconomic development. Because land reform 
:s fundamentally a political issue that seeks to 
achieve or prevent social change, explicitation 
of the political expectations from reform for 
different groups permits us to order and clarify 
che massive number of arguments advanced 
эп the subject. 


Types of Land Reform 


We need to start first with a few definitions 
5ecause part of the difficulty with the debate 
on land reform comes from using different 
concepts under the same name. 

A reform is an institutional innovation pro- 


21 call policy the institutional changes implemented by the 
government in power while politics are institutional changes pro- 
20sed by any social group—dominant or not. 
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moted by the ruling order in an attempt to 
overcome economic or political contradictions 
without changing the dominant social rela- 
tions. Thus, reform falls short of revolution 
(where the dominant social relations are 
changed) and goes beyond mere disregard of 
economic problems or repression of political 
demands. While instituted within the ruling 
order, the origin of reform can, however, rest 
just as well in the political pressures of the 
dominated groups as in the initiative of the 
dominant classes. Land reform, in particular, 
aims at transforming the agrarian structure. 
The agrarian structure is characterized by a 
system of social relations (modes of produc- 
tion and their corresponding social class com- 
position) and a system of land tenure (own- 
ership and usufruct of land and water by farm 
sizes). Land reforms consequently can change 
the modes of production in agriculture (them- 
selves dominated by an eventually different 
mode in society at large which cannot be al- 
tered by reforms), the class structure (and, 
consequently, control of the state by specific 
classes and their respective access to public 
goods and services), and the pattern of land 
tenure. 

Use of the concepts of mode of production, 


Table 1. A Typology of Land Reforms 
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social class, and land tenure thus allows us to 
characterize a variety of states of the agrarian 
structure. À land reform is then nothing else 
than an attempt by the government, through 
public policies, at either inducing a change 
among states of the agrarian structure or at 
preventing such a change. A typology of land 
reforms, consequently, can be usefully con- 
structed as a matrix of changes/no changes 
among states of the agrarian structure. This is 
done in table 1 for the thirty-three most impor- 
tant land reforms in the world over the last 
seventy years. 

For our purpose, we can distinguish be- 
tween three modes of production in agricul- 
ture (semifeudal, capitalist, and socialist) and, 
under capitalism, three landed social classes 
(capitalist landed elites, farmers, and peas- 
ants).? This gives us five relevant initial states ` 
of the agrarian structure: semifeudal estates 
controlled by the traditional landed elite with 
bonded labor (debt peonage, rent in labor ser- 
vices, etc.) and extraeconomic forms of coer- 


3 There are, of course, other modes of production beyond the 
feudal which are not capitalist or socialist. This includes the Asi- 
atic, Communal, and Lineage modes. Without much loss of gener- 
ality for the purpose of this paper, I am subsuming all these other 
modes under the feudal heading. 
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Semifeudalestates (1) (2) 
Mexico, 1917-1934 Bolivia, 1952- 
: Taiwan, 1949-1951 Venezuela, 1959- 
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(3) (4) (5) 
Mexico, 1934-1940 South Korea, 1950- China, 1949-1956 
India, 1950- Taiwan, ‘1951-1963 




































E Colombia, 1961-1967 Philippines, 1963-1972 Guatemala, 1952—1954 Iraq, 1958- 
$ Chile, 1962-1967 Ecuador, 1964— Egypt, 1952-1966 
5 Peru, 1964-1969 Iran, 1962-1967 
3 Colombia, 1968- Chile, 1967-1973 
5 
Ё Capitalist estates (6) (7) (8) (9) (10) 
Costa Rica, 1962-1976 Реги, 1969—1975 Cuba, 1959-1963 
Philippines, 1972-1979 Algeria, 1961-1971 
Capitalist farms (11) (12) (13) (14) (15) 
Guatemala, 1954- Chile, 1973- Mexico, 1940- 
Dominican Republic, 1963— 
Egypt, 1961- 
Peasant farms (16) (17) (18) (19) (20) 
Socialist farms (21) (22) (23) (24) (25) 
Cuba, 1963- 
China, 1952~ 


Algeria, 1971-1977 
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cion; capitalist estates controlled by the 
landed elite-turned-capitalist and using wage 
labor; capitalist farms and plantations whose 
owners, the farmers, share in the conirol of 
the state with the bourgeoisie-at-large and hire 
wage labor; peasant farms, ranging from fam- 
ily to subfamily (semiproletarian), where пс 
labor is hired but some may be sold; anc 
socialist farms, either family farms, labor 
cooperatives, or state farms, imbedded within 
a socialist mode of production in society at 
large. | 

The land reform itself creates a reform sec- 
tor and transforms or not the agrarian struc- 
ture into a set of other states. It is important 
here to distinguish between reform and non- 
reform sectors, even though most of the litera- 
ture on land reform considers only the first. 
The reform sector is the set of farms which is 
created by expropriation of private lands, dis- 
tribution of public lands, or colonization of 
new lands. It is usually organized in the form 
of family or collective/state farms. The non- 
reform sector includes the lands retained, 
subdivided, or sold privately by the former 
owners. As we will see, most land reforms 
have sought their economic results in the im- 
pact they had on the nonreform sector. After 
land reform, there are correspondingly five 
relevant states of the agrarian structure: three 
where the nonreform sector remains dominant 
and composed of either semifeudal estates, 
capitalist estates, or capitalist farms and two 
where the reform sector is dominant and 
sometimes exclusive—one under the capitalist 
mode of production and the other under the 
socialist mode. 

Table 1 classifies thirty-three reforms in 
twenty countries. A particular country can 
reenter the matrix more than once if land re- 
form programs are redefined over time, but it 
must always reenter it in the same state to 
which it was transformed by the previous land 
reform. Table 2 provides empirical evidence to 
support the classification of reforms in table 1 
and to identify their respective achievements. 

All the diagonal reforms are essentially re- 
distributive reforms in the sense that they 
either increase the size of the reform sector 
without changing the nature of the nonreform 
sector (reform types 1, 7, and 13 in table 1) or 
redefine the nature of the reform sector (19 
and 25). Reform 1 is redistributive within the 
semifeudal order. Typical examples are the 
early reforms in Taiwan (1949-51), Colombia 
(1961-67), and Chile (1962-67), where the 
main objective was to distribute to peasants 
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empty public lands or lands abandoned by the 
landed elite without otherwise questioning the 
continued domination of semifeudal estates in 
the agrarian structure. 

Reforms 2, 3, and 4 aim at liquidating feudal 
remnants from agriculture and at inducing a 
transition to capitalism under domination in 
agriculture of the landed elite (2), farmers (3), 
or peasants (4). These reforms, directed 
against feudalism principally during the 1960s, 
have been both the most prevalent and the 
most successful in their intents. Reforms that 
induce a transformation of semifeudal into 
capitalist estates (2) seek this result by prohib- 
iting bonded labor and rents in labor services 
(Bolivia, Philippines 1963-72, Ecuador, and 
Peru 1964-69) and by imposing minimum рго- 
ductivity levels on land use (Venezuela and 
Colombia). This is obtained by threats of ex- 
propriation if these requirements are not met. 
The purpose of a reform sector, in this case, is 
more to demonstrate the seriousness of the 
threats and to satisfy peasants' clamors for 
land than to increase production. Land re- 
forms (3) induce the reorganization of the non- 
reform sector into a system of capitalist farms 
by imposing ceilings on landownership in addi- 
tion to prohibiting semifeudal social relations. 
Maximum farm size was thus restricted to 200 . 
irrigated hectares in Mexico (1934—40), 50 in 
India, 42 in Egypt, 150 in Iran, and 80 in Chile. 
Here, again, expropriations and creation of a 
reform sector have mainly the political pur- 
pose of stabilization, while the economic gains 
of the reform are sought in the nonreform sec- 
tor. The case of Mexico, with its remarkable 
political stability in spite of massive rural pov- 
2rty and exceptional growth through the 1950s 
and 1960s obtained mainly in the nonreform. 
sector, is the clearest illustration of the means 
and ends of this type of reform. Land reforms 
14) are integral reforms in the sense that the 
a3onreform sector is secondary or totally 
3liminated, and peasants acquire control of the 
-and under the form of family farms (South 
Korea and Taiwan) or collective farms (Iraq). 
Taiwan and South Korea demonstrated the 
economic and political gains of integral re-. 
Zorms where family farms are effectively sup- 
»orted by external institutions that allow them 
:o realize their full production potential. 

Once the capitalist order has been estab- 
lished throughout agriculture, transition re- 
forms are passé. The only possible reforms 
under capitalism in society at large are either 
shifts among types of agrarian structure (8, 9, 
end :4) or redistributive reforms within a 
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Table 2. Characteristics of Land Reform in Twenty Countries 








Land Reform Landin Peasantry 
~ Reform іп Reform Size of Form of Organization 
Year Type Sector Sector Reserve in Reform Sector 
Country (1) (2) (3) (4) (5) (6) : 
----- (96) ----- (hectares) 
Mexico 1917-1934 1° 6 11 100-200: — Subfamily/family 
1934—1940 3 13 26 100-200; Subfamily/family; collective 
1940-1976 13 25 18 100-200; Subfamily/family 
Total 1917-1976 43 50 
Guatemala 1952-1954 3 34 33 90-200 Subfamily/family; cooperative 
1954—1969 11 5 3 
Bolivia 1952-1970 2 18 39 24—-50,000 — Subfamily/family 
Venezuela 1959-1970 2 16 15 No limit Subfamily/family 
Colombia 1961-1968 1 a No limit Subfamily/family 
1968-1972 2 No limit Subfamily/family 
Total 1961-1972 10 4 
Chile f 1962--1967 1 5 — No limit Subfamily/family 
1967-1970 3 9 6 80 i Subfamily/family; cooperative 
1970-1973 31 14 Cooperative; collective 
Total 1962-1973 40 20 
1973-1975 12 9 4 ` Subfamily/family 
Peru 1963—1969 2 3 7 845-12,675 — Subfamily/family 
1969--1976 8 39 25 35—1,500 Cooperative; subfamily/family 
Total 1963—1976 42 32 
Ecuador 1964-1969 2 1 4 No limit Subfamily/family 
Dominican Republic 1963-1969 13 2 2 No limit Subfamily/family; cooperative 
Cuba 1959-1963 10 59 64 402 Collective; family 
1963- 25 100 100 67 State farms; family 
Costa Rica 1962--1976 7 10 none Family; collective 
Philippines 1963—1972 2 — — No limit Family 
1972-- 8 — 1 f Subfamily/family 
South Korea 1950—1969 4 69 66 3i Subfamily/family 
Taiwan 1949-1951 1 11 20 No limit Family 
1951-1963 4 16 24 3i Subfamily/family 
Total 1949-1963 27 44 
Iraq 1958-1975 4 85 23 250i Cooperatives and state farms 
Tran 1962-1967 3 31 19 20-150 Family 
India 1950-1966 3 3 4 50 . Subfamily/family 
Egypt 1952-1961 3 7 4 84 Family 
1961- 13 8 5 42 Family 
Total 15 9 
Algeria 1962-1971 10 28 10 none Self-management and state 
1971-1977 25 40 16 none Self-management and state 
China 1949-1952 5 45 63 none Small family farms 
1952- 25 100 100 none People's communes 














Sources: For a complete list of sources for columns 3-6, interested readers may write to the author. 
* [nitial year corresponds to year land reform law was passed. Final year corresponds to end of the program or final year for which data 


are available. 

? See table 1. 

*i denotes irrigated land. 

? Blanks indicate no separate data provided. 
* Dashes indicate less than 1%. 

f Corn- and rice-tenanted land only. 


given type of agrarian structure (7, 13, and 
19). Historically, the most important type of 
reform in the first group has been that which 
transformed the nonreform sector from 


capitalist estates to capitalist farms (8). Its 
purpose is evidently to eliminate the landed 
elite from control of the state and thus achieve 
a more production-oriented agricultural policy 
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while creating a more competitive environ- 
ment in agriculture. This was attempted in 
Peru by imposing a ceiling on landownership 
of 50 irrigated hectares on the coast and 30 in 
the Sierra. In the Philippines, the ceiling was 7 
hectares on rice and corn land. With the agrar- 
ian structure dominated by capitalist farms, 
subsequent land reforms can only be redis- 
tributive (13) or integral (14). Expansion of 
the ejido sector in Mexico from 1940 to 1977 
and expropriation of rice farms in the Domini- 
can Republic are instances of redistributive 
reforms (13). 

All reforms can, of course, give way to 
counterreforms. Chile thus recreated a landed 
elite after the military coup of 1973 by abolish- 
ing ceilings on landownership, and Guatemala 
restored semifeudal social relations in agricul- 
ture when the Arbenz government was over- 
thrown by foreign armed intervention. 

Land reforms that are part of a transition to 
socialism are evidently more than mere re- 
forms since the mode of production dominant 
in society at large is transformed—a process 
which is, by definition, nonreformist (5, 10, 
15, and 20). The Chinese land reform was part 
of a transition from feudal society, while the 
Cuban and Algerian land reforms originated in 
agrarian structures dominated by capitalist es- 
tates and plantations. Subsequent transforma- 
tions of the agrarian structure in China, Cuba, 
and Algeria fall in the category of redistribu- 
tive reform (25). For lack of space, we con- 
centrate, in the rest of this paper, on land 
reforms achieved under continued domination 
of the capitalist order in society at large. 


Land Reform as a Policy Issue 


During the last seventy years, most land re- 
forms under the capitalist order in society at 
large have been of either one of two broad 
types: antifeudal reforms seeking to induce in 
agriculture a transition to capitalism with the 
resulting agrarian structure dominated by a 
capitalist landed elite (reform type 2), a farmer 
class (3), or a free peasantry (4) and land 
reforms within capitalist agriculture seeking to 
create shifts in the dominant rural class from 
capitalist landed elite to farmers and to peas- 
ants (8, 9, and 14) or to amplify the reform 
sector under domination of either one of these 
three classes (7, 13, and 19). 
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Antifeudal Reforms 


Reforms against feudal bonds and per- 
3onalized coercion have originated in peasant 
rebellions since time immemorial, but they 
aave led to transitions to capitalist agriculture 
п the third world only during the last fifty 
years, with the cases of Mexico and Bolivia as 
outstanding examples. Since the late 1950s, 
however, with the rise of surplus labor asso- 
ziated with demographic explosion and mod- 
2rnization of many landed estates, organiza- 
tion of rural labor markets with plentiful 
supplies has created a new rationality to op- 
pose feudalism—this time on an economic in- 
stead of a purely political basis: labor relations 
in agriculture could be transformed from 
feudal, where labor is a fixed cost, to capitalist 
where labor becomes a variable cost adjusted 
то fluctuating weather, market, and technolog- 
ical opportunities. Antifeudal land reforms 
ihus potentiallv could achieve at the same time 
2quity gains in response to peasant pressures 
and efficiency gains in response to demands 
for cheap food originating among urban indus- 
trialists and consumers and for increased ex- 
port earnings originating in the urban-indus- 
trial sector. This led to formation, in the 
1960s, of broad coalitions of different factions 
of the bourgeois, peasant, and proletarian 
classes opposing the feudal landed elites under 
the banner of expropriation and redistribution 
of the land. In Latin America, this resulted in 
Ihe 1961 Punta del Este Charter of the Organi- 
zation of American States inducing essentially 
everv country of the continent to pass an- 
tifeudal land reform laws. 

For the dominant interests in this coalition, 
the objectives of land reform were to be 
sought in the combination of nonreform and 
reform sectors. The economic goal was to be 
obtained by fomenting the development of 
capitalism in the nohreform sector through a 
mix of threats of expropriation and induce- 
ments to investment (subsidized credit, infra- 
structure construction, new technological ad- 
vances, extension services, etc.). The goal of 
political stabilization was sought by creating a 
reform sector of a size commensurate with 
peasant pressures. It is, consequently, only 
under the most extreme threats of destabiliza- 
Qtion, such as in Mexico but even more in 
South Korea and Taiwan, that the reform sec- 
tor reached major proportions. The success of 
antifeudal reforms should, consequently, not 
be assessed in terms of the extensiveness of 
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expropriations (the publicized explicit goal) 
but in terms of development of capitalism and 
political stabilization, with actual expropria- 
tions serving only as a means of reaching these 
goals. In that sense, countries like Colombia, 
Ecuador, and India had successful antifeudal 
land reforms without virtually having any in a 
distributive sense. 

In Latin America, the combination of spon- 
taneous development of capitalism and an- 
tifeudal land reforms has virtually liquidated 
feudal remnants and, hence, put an end to this 
type of reform. The Green Revolution in food 
production and development of agroexport ag- 
riculture, in close connection with interna- 
tional agribusiness, have themselves served as 
effective surrogates or complements to an- 
tifeudal reforms (Arroyo). In most of Asia and 
the Middle East, similarly, feudal elites have 
given way to a capitalist elite and a farmer 
class. In Africa, rapid privatization of the land 
has also seriously undermined precapitalist 
forms of land use. 

With the end of feudalism, future land re- 
forms must, of necessity, occur within the 
capitalist order in agriculture. This requires 
markedly different coalitions and occurs in re- 
sponse to markedly different purposes. 


Land Reforms within Capitalist Agriculture 


Once agriculture is characterized by capitalist 
social relations, there are four important rea- 
sons why land reform becomes an unlikely 
policy issue. The first is that the political al- 
liance which must be organized to support 
land reform will need to be capable of oppos- 
ing the established capitalist interests in ag- 
riculture. This is evidently such a formidable 
undertaking that it usually will require ex- 
treme economic or political circumstances. 
Opposing the landed elite is difficult because it 
has strong control of the state apparatus; usu- 
ally has diversified investments in industry, 
commerce, and finance that give it economic 
power beyond agriculture; and is closely allied 
with foreign capital. Opposing the farmer class 
is equally difficult since it demands that one 
fraction of the bourgeoisie oppose another and 
puts into question the inalienability of prop- 
erty rights. The result is that reforms in 
capitalist agriculture have only occurred under 
rather exceptional circumstances, such as 
Bovernment reaction to strong revolutionary 
pressures (Mexico 1940-77, and the Philip- 


pines 1972-75), military interventions in favor- 
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of the national bourgeoisie (Peru 1969-75), or 
external influences (Dominican Republic). 
Short of this, expropriation of one fraction of 
the bourgeoisie by another requires full com- 
pensation for the former landlords. This, in 
turn, depends upon availability of a large fiscal 
surplus or massive foreign aid. This is partly 
what happened in the Dominican Republic, 
where the state used the enormous urban and 
industrial assets confiscated from Trujillo and 
plentiful foreign aid to compensate fully the 
expropriated rice farmers. Seen in a historical 
perspective, however, strong public budgets 
are unlikely to characterize third world states. 

The second reason land reforms in capitalist 
agriculture are an unlikely policy issue is that 
the former coincidence of efficiency and 
equity gains that characterized antifeudal re- 
forms not only may have vanished with the 
development of capitalism in agriculture but 
may have given way to a trade-off between 
these two purposes of reform. With agricul- 
ture well advanced on the road to moderniza- 
tion in the context of medium- and large-scale 
capitalist farms and of a close integration with 


.multinational agribusiness, any drastic land 


redistribution is likely to nullify past techno- 
logical achievements and imply short falls in 
production, at least in the short run. Where 
the population is increasingly landless and ur- 
banized, the social cost of higher food prices 
may be more widespread than the welfare 
gains of land redistribution. This does not 
mean, of course, that land reforms cannot be 
managed to avoid efficiency costs: organiza- 
tion of the reform sector on the basis of state 
or cooperative farms (Peru's sugar farms and 
the Dominican Republic's rice sector) and es- 
tablishment of institutions strongly supportive 
of family farms (Taiwan and South Korea) 
have demonstrated feasible solutions. How- 
ever, it does mean that the margin for success- 
ful management of reform in terms of produc- 
tion performance is substantially reduced by 
the very development of capitalism. Seen in 


'this fashion, the Green Revolution and inte- 


gration of third world agriculture with interna- 


'tional agribusiness have both been effective 


surrogates for antifeudal land reforms and ob- 
stacles to subsequent progressive reforms. 

À third reason land reforms in capitalist ag- 
riculture are unlikely policy issues is that most 
third world countries have opted for models of 
economic development where industrial 
growth is based on expansion of a market for 
exports or luxury consumption goods and not 
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principally of a market for wage goods. This 
implies that progressive income redistridution 
to create the home market for :ndustry is not 
essential to avoid underconsumption crises. 
Like in Lewis’ model of the cual economy, 
where the working class and peasants do not 
consume the products of the modern sector, 
income redistribution acts as a break on the 
rate of economic growth as it lowers the rate 
of profit. Income redistribution and, hence, 
land reforms are not economic needs for the 
system at large in creating the domestic mar- 
ket for the modern sector but pclitical geins of 
the working class and peasants. For thet rea- 
son, again, land reforms will only result from 
strong pressures that can question the existing 
social order. 

A fourth and last difficulty with capitalist 
land-reform policies is that the bourgeoisie 
will respond to social pressures for land re- 
form by conceding it for the sake of legitima- 
tion of the dominant social relations. Hence, 
land-reform programs are expected to be as 
limited as possible while achieving their politi- 
cal purpose. But any program cf land reform 
tends to unleash redistributive expectations. 
and to stimulate broad mobilization of peas- 
ants and workers. Limited land reforms are 
thus an instrument of both expected stabiliza- 
tion and potential destabilization. As Sorj ob- 
serves for the case of Brazil, this implies that 
**any attempt at limited agrarian -eform will be 
accompanied by the action of a repressive ap- 
paratus and by creation of corporativist bodies 
intended to keep the reform within the limits 
of the present structure of accumulation and 
domination’’ (p. 31). Faced with both the need 
to create social support in agriculture and the 
ambiguities of land reform for -hat purpose, 
most governments have turned, since the early 
1970s, to the alternate strategy of integrated 
rural development. The political end is here 
the same: to create a supportive minority of 
upper peasants. But the instrument for that 
purpose need not threaten landownership be- 
cause technological change becomes a substi- 
iute for land redistribution. The example of 
Colombia is here clear: In 1973. both liberal 
and conservative parties agreed <o put an end 
то the destabilizing effects of limited land re- 
Zorm resulting, in particular, in continuing land 
:nvasions, while launching an ambitious pro- 
gram of integrated rural. development with the 
support of international lending institutions. 
-At the same time, agricultural growth was 
stimulated by generous public support to the 
large-scale capitalist sector. 
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In a postfeudal capitalist order, conse- 
quently, it is no surprise that so few land re- 
form policies are being enacted or im- 
plemented. Yet, the symptoms of serious 
agrarian crises remain unabated: food deficits 
keep on increasing (IFPRI), and rural poverty 
keeps on worsening (ILO). For this reason, 
land reform remains an important political 
issue even if for a variety of different purposes 
according to contrasted political programs. 


Тапа Reform as a Political Issue 


A wide range of arguments has been advanced 
zustifying the role of land reform in economic 
development, and it is the prevalence of these 
arguments that keeps land reform an active 
political issue. Some of these arguments have 
been advanced on technocratic grounds, while 
others have been openly couched in ideologi- 
cal terms. Yet, all land reform programs fit 
within some global view of the role of agricul- 
ture and peasants in economic development. 
These can be regrouped under four alternative 
political programs, each of which proposes 
land reform for sharply contrasted economic 
end political purposes. | 


Land Reform for Social Status Quo: 
The Conservative Model 


With capitalism well entrenched in agriculture 
end the performance of agriculture fundamen- 
tally determined by market incentives and 
public and supporting institutions (infrastruc- 
ture, technology, credit, etc.), the conserva- 
t.ve model allows for land reform only as a 
minimal concession for political stabilization. 
Creation of a reform sector is used to defuse 
Social tensions when pressure on the land 
(and invasions, etc.) or revolutionary threats 
are excessive. It does this by allowing some 
vertical mobility to peasants and by creating a 
buffer minority of privileged peasants in the 
reform sector whose economic success is tied 
to the interests of capitalist farming and to 
continued patronage of the state but whose 
ideological allegiance is still with peasants. As 
sich, they tend to become the political rep- 
resentatives of the peasantry at large and 
ѕ топа advocates of the social status quo that 
benefits them so exclusively. Land reform is 
here purely legitimizing of the dominant social 
relations. It only becomes an active political 
issue when this legitimacy is being questioned. 
It is, consequently, only in the following three 
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positions that land reform is an integral com- 
ponent of political programs. 


Land Reform for National Bourgeois 
Revolution: The Liberal Model 


For as long as feudal elements dominated ag- 
riculture, national liberal forces were directed 
at promoting antifeudal land reforms. With the 
omnipresence of capitalism, the same forces 
identify their targets in terms of opposing bla- 
tant external dependency relations and in terms 
of redefining the social and geographical loca- 
tion of the market for the modern sector in 
wage earnings as opposed to profits, rents, and 
exports. Both creation of a class of farmers 
instead of a capitalist landed elite (land reform 
type 8) and redistribution of land to peasants 
(7, 9, 13, and 14) are seen as ways of expand- 
ing the domestic market for wage goods. Since 
farmers and peasants are oriented more to- 
ward producing basic wage foods than the 
landed elite, which is principally involved in 
the production of agroexports, these land re- 
forms also are proposed as mechanisms for 
reducing the bias against food and alleviating 
the food crisis. Finally, by reducing inequal- 
ity, they are seen as essential to creating the 
economic basis needed for more democratic 
forms of government. In Brazil today, for ex- 
ample, land reform is an important rallying 
point for dispersed forces struggling for a re- 
turn to civilian democracy. 


Land Reform to Give the Land to the 
Peasants: The Populist Model 


This position usually is argued in technocratic 
terms by pointing at the superior social 
efficiency of small farms and peasants under 
conditions of surplus labor: smaller farms pro- 
duce more per acre than larger ones and reach 
a higher total factor productivity when labor 
and capital are valued at their social opportu- 
nity cost, which is virtually zero on small 
farms. Integral land reforms (types 9 and 14) 
to create a free peasantry are, thus, advocated 
since peasants' higher levels of (Chayanovian) 
self-exploitation lead them to deliver cheaper 
food on the market than capitalist farming, at 
least for as long as the productivity of labor is 
nearly equal on small and large farms (Dorner 
and Kanel, Lipton). As Berry and Cline put it, 
‘land redistribution should therefore be ex- 
pected to raise total output by combining 
underused labor from small farms and the 
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landless work force with underused land on 
large farms. Nor is there likely to be a sacrifice . 
of potential efficiency from land redistribu- 
tion, because it is unlikely that there will be 
significant economies of scale for actual farm- 
ing operations” (p. 29). Integral land reforms 
are, in turn, the preconditions for any mean- 
ingful effort at rural development (Wortman 
and Cummings). Efficiency gains are, of 
course, also accompanied by equity gains with 
the result that the populist vision of land re- 
form offers the same logical panacea for 
capitalism as antifeudal reforms did. 


Land Reform for Social Change: 
The Radical Model 


A radical interpretation of the agrarian crisis in 
the third world essentially concludes that (a) 
Once feudalism is gone, the problems of ag- 
riculture are essentially nonagrarian as they 
reflect the contradictions of the global mod- 
el of economic development pursued— 
characterized by its export and luxury orienta- 
tion and by strong relations of external depen- 
dency. This, in turn, leads to a bias against 
food production (cheap food policies) and in 
favor of agroexports (comparative advantage 
theory). And (b) peasants are rapidly being 
dispossessed of their status as producers and 
transformed into a reserve of cheap semipro- 
letarian labor. 

Since resolution of the agrarian crisis con- 
sequently hinges upon broad social changes in 
the economy at large, land reform per se is 
necessary for economic development but cer- 
tainly is insufficient. Yet, land reform need not 
wait for broader social changes to occur. The 
promotion of land reform itself is seen as an 
important instrument of social change, as a 
rallying cause to foment the organization of 
peasants and workers and the emergence of 
new ideas. Land reform is thus a process that 
is to be carried on by and not for the peasants 
and which is completed only with the restruc- 
ture of the global social system. 


Conclusion 


Transformation of the agrarian structure is 
today more dependent upon the forces of 
capitalist development and, in particular, on 
the industrialization of commercial agriculture 
and the proletarianization of peasants than 
upon the application of land-reform policies. 
Solutions to food and balance of payment def- 
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icits are sought in medium- and large-scale 
capitalist farms closely integrated with inter- 
national agribusiness. Peasants' demands for 
better living conditions are either neglected 
and left to the uncertainties o? domestic and 
international migration or severely repressed. 
Yet, it is abundantly clear thzt the crises of 
food production and rural poverty are, if any- 
thing, worsening under the current develop- 
ment model. Thus, even if land reform is dead 
as a policy issue, it remains a key ingredient of 
any meaningful political program of economic 
development, be it of liberal, populist, or radi- 
cal slant. 
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The Role of the Multinational Corporation: 


Discussion 
Terutomo Ozawa 


In his thought-provoking paper, Goldberg 
points out that national food systems have be- 
come more and more internationalized and in- 
tertwined with each other, and that this in- 
terdependent global food system has gravi- 
tated, on the whole, toward North America, 
which is ‘‘the only significant surplus grain- 
producing area in the world.” He foresees a 
further expansion of this globally integrated 
food system as a result of population pressure 
and an ever-rising need for food, especially on 
the part of developing countries, whose ag- 
ricultural sector is still largely subsistent and 
noncommercial, with an extremely low level 
of productivity. Against this backdrop, 
Goldberg then explains how new opportunities 
have been and will continue to be created for 
key operators in a vertical food system to 
cross national boundaries and operate in for- 
eign markets, that is, to become multinational. 

As we all know, multinational corporations 
generally are regarded as a mixed bag of 
malevolent and benevolent forces or as institu- 
tions with psychotic behavioral patterns 
somewhat like those of Dr. Jekyll and Mr. 
Hyde. At one extreme, for example, Marxists 
consider multinationals nothing but a devilish 
instrument of capitalistic exploitation and 
neo-imperialism. At the other extreme, neo- 
classical liberals—and managers of big business 
in general—consider multinationals a dynamic 
engine of economic development and copros- 
perity, a savior of mankind from economic 
inefficiency and backwardness, and lament 
that its messianic mission is hampered only by 
the parochial interests of sovereign states. 
Both views have some validity, depending on 
the circumstances under which multinationals 
are allowed to operate. 

The multinational corporation is by nature 
monopolistic in terms not only of the size of its 
operation but also of the superior knowledge it 
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generates and tries to possess exclusively, and ` 
it is efficient at exploiting such knowledge; but 
its monopolistic power is an inevitable cause 
of inequity when it operates in developing 
countries where, in general, countervailing 
power either does not exist or if it does exist, 
is not judiciously exercised. 

Goldberg describes very well the ‘‘Dr. 
Jekyll” side of multinationals by citing several 
‘socially useful” cases. All these are ‘‘good 
citizen” citations, as they are judged, in his 
opinion, to be contributing to the agribusiness 
needs of the developing host countries. These 
examples of ‘‘socially useful’’ operations are 
indeed encouraging. Yet, I am still left uncom- 
fortable about the ‘‘Mr. Hyde" side of multi- 
nationals. Goldberg does give us a warning of 
the power of multinationals, but he does so 
only implicitly by quoting a statement made by 
Galbraith. Goldberg says nothing about our 
recent experiences with the abuse of such 
power by multinationals. Perhaps we are too 
familiar with it to need to be reminded of the 
tragedies that occurred recently when infants 
in developing countries were fed'baby formula 
marketed on a caveat emptor basis by multina- 
tionals. 

In a section on Japanese trading companies, 
Goldberg advances a generalization: ‘‘In es- 
sence, commodity trading firms do not just 
buy cheap and sell dear, but rather recognize 
that they are an integral part of the food poli- 
cies of the countries in which they operate and 
help, in cooperation with the government, to 
improve the efficient handling of the commod- 
ity. . . ." Here he neglects to remind us that 
only in the recent past Japan's trading com- 
panies have been castigated at home not only 
once but repeatedly for their flagrant market- 
cornering activities in stocks, land, wool, cot- 
ton, soybeans, timber, and other primary 
commodities. Neither does he mention the 
fact that during the Great Grain Robbery of 
1972, when the Soviet Union purchased an 
unpredictably large quantity of wheat, Amer- 
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ican grain dealers kept their operations in 
strict secrecy, leaving the American farmers 
and public ir. the dark—the result being that 
the United States played into the hands of the 
Soviet Union. This incident led to a new fed- 
eral regulation requiring U.S. companies to 
report to the Department of Agriculture their 
sales contracts involving U.S. grain. The end 
result, however, was that the American grain 
dealers became more multinational in their ac- 
tivities for the purpose of evading the law, 
because the contracts made by their overseas 
affiliates were not subject to the reporting re- 
quirement. 

It is equally important to remember that in 
the context of prevailing political conditions in 
many developing countries, ‘‘cooperation 
with the government" (a point Goldberg em- 
»hasized) does not necessarily mean that the 
Door masses can share the benefits from the 
cooperation rendered by the multinationals. 
indeed, the so-called dependencia theory of 
direct foreign investment has lately shifted its 
emphasis from the exploitation of developing 
host economies by multinationals to -the 
exploitation cf the poor masses by a coalition 
of host government officials, landlords, elite 
local business interests, and multinationals. 
Nor does the ‘‘commercialization’’ of the sub- 
sistent sector advocated by Goldberg neces- 
sarily lead to an improvement in the welfare of 
either subsistent producers or local consum- 
ers. It is well known that the enclave type. of 
commercial farming not infrequently drives 
away powerless ''small farmers’’ from even 
subsistence itself. 

Goldberg is no doubt quite aware of all these 
malevolent externalities caused by multina- 
tionals, but is intentionally concentrating on 
"socially usezul’’ cases. Yet it is not certain 
how widespread and how significant those be- 
nevolent activities are in relation to the totality 
of multinationals’ engagement in global ag- 
ribusiness. Detractors can easily marshal an 
equal or even larger amount of evidence that 
indicates how detrimental the impact of multi- 
national agribusiness is on the basic needs of 
developing economies. The best argument 
Goldberg can make, then, is that those ‘‘so- 
cially useful” cases do exist and that the light 
from at least z few candles, however faint and 
flickering they may be, is better than the total 
carkness of the current ‘‘storm over the multi- 
rationals” (Vernon). 

Goldberg uses as his theoretical frame of 
reference only the product-cycle theorv of 
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foreign direct investment—perhaps because it 
is the theory advanced by his colleagues at the 
Harvard Business School. But his use of only 
tais limited model, originally developed for the 
manufacturing sector, is clearly inadequate— 
and, moreover, inappropriate, particularly for 
the specific examples he uses in illustration. 
As is well known, the product cycle theory 
was developed to explain the specific histori- 
cal experiences of American manufacturers 
during the 1950s and early 1960s when U.S. 
industry was undisputably the world’s domi- 
nant innovator of products and processes. 
These innovations, the theory posits, have 
s2rved as competitive assets for American 
manufacturers to exploit, first through trade 
aad later through overseas investment. 

Given the nature of the product-cycle 
theory, one can easily see that the examples of 
Japan's Zen Noh and other agricultural 
cooperatives and the Thai-Japanese corn 
agreements, for instance, cited in Goldberg's 
paper do not fit into the theory. He should 
have used, instead, the market-internalization 
theory of the firm, a theory originally devel- 
oped by Coase and recently applied to the 
aaalysis of multinational business by Buckley 
aad Casson. In essence, the internalization 
theory explains why a firm or an organization 
(which is a consciously coordinated entity) 
tekes over the market (which is unconsciously 
coordinated by the price mechanism). We 
know that the main function of farmers’ 
cooperatives, for example, is to reduce the 
risk of dependence on the vagaries of the mar- 
ket and to gain some control over prices and 
tctal supply through coordination arrange- 
ments—namely, to internalize, if not totally 
tFen partially, the market. The raison d'étre of 
Z2n Noh and other agricultural cooperatives is 
nothing but this internalization of the market. 

In fact, once the concept of multi- 
nationalism is defined as a process of inter- 
nalization across national borders, it fits very 
nicely Goldberg's own innovative notion of a 
commodity systems approach: 


An agribusiness commodity system encompasses 
the participants involved in the production, process- 
ing, and marketing of a single farm product. It in- 
cludes farm suppliers, farmers, storage operators, 
processors, wholesalers, and retailers involved in a 
commodity flow from initial inputs to the final con- 
sumer. It also includes institutions which affect and 
coordinate the successive stages of a commodity flow 
such as the government, futures markets, and trade 
associations. These coordinating institutions and ar- 
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rangements play an especially important role in ag- 
ribusiness commodity systems because of the unique 
agronomic characteristics of the industries. The phe- 
nomenon of seasonal production of crops, combined 
with year-round consumption of food products, re- 
sults almost inevitably in sericus imbalances between 
supply and demand. (Goldberg, p. i) 


His strong advocacy of this systems ap- 
proach is nothing but a call for conscious 
coordination of economic activities by key 
operators ina vertical food system in order to 
control, inter alia, the ‘‘inevitable imbalances 


between supply and demand” brought about ` 


by the market. It is a call for internalization of 
those market segments whose transactions are 
not efficiently performed by the price mecha- 
nism. The activities of multinational organiza- 
tions illustrated by Goldberg are good exam- 
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ples of this systems-focused process of market 
internalization. 
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The Role of Export Cropping in Less 
Developed Countries: Discussion 


Malcolm D. Bale 


The paper by Hillman is a quite well-balanced 
representation of the issues with respect to the 
role of agricultural exports in development. It 
is a concise restatement of existing problems 
containing little policy advice for the future. It 
may be a useful survey piece ta the 
nonspecialist, but there is little new for devel- 
opment or trade economists. In this respect 
the title is misleading. I kept waiting for the 
paper to focus on export cropping. Of course, 
it really does not. A more appropriate title 
would be ‘‘Export Orientation versus Self- 
sufficiency in the Agriculture of Developing 
Countries: A Survey of Issues.” The paper is 
more notable for what it does not say than for 
what it says. Accordingly, most of my com- 
ments will focus on these aspects. 

The main criticism of the paper is that it is a 
survey of what has happened and of past is- 
sues. It is long on diagnosis and short on pre- 
scription. Critical issues in agricultural devel- 
opment and questions that confront econo- 
mists are: what is the correct valuation of ag- 
ricultural output, and what advice can we pro- 
vide developing countries? These are difficult 
questions to answer. Hillman seems to favor 
agricultural export-led policies. But the pre- 
conditions for this to be effective, as he states, 
are that growth in industrialized countries 
must continue at a rapid pace through the 
1980s and that market access must be in- 
creased. Neither of these preconditions are 
projected to obtain in the 1980s. Economic 
growth in industrialized countries throughout 
the 1980s is projected to fall below the sluggish 
levels of the 1970s (see World Bank), and 
many observers in their most optimistic mo- 
ments see at best a constant level of protection 
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for agriculture during the 1980s. Thus, the 
question arises as to how agricultural export- 
oriented policies possibly could help develop- 
ing countries. 

One possible alternative for developing 
zountries is to look toward increased inter-de- 
veloping country trade. Preliminary work by a 
zolleague of mine, Duncan, indicates that over 
zhe period 1963-76, the share of developing 
zountry trade to other developing countries 
zose. More impressive than market diversifica- 
zion is the changed product diversity of devel- 
ping country exports. Manufactures now 
11976) account for 45% of developing country 
зхрогіѕ; 22% of exports аге of processed 
2roducts, and only 32% of exports are primary 
2roducts. This is a dramatic change from 1962, 
where the shares were 19%, 25%, and 56%, 
respectively. Within developing countries, the 
middle and high income countries have per- 
тогтеа the best in terms of growth in product 
and market diversification. Manufactured ex- 
ports from Latin America, for example, have 
trebled over the period, most of this increased 
trade going to other developing countries. The 
evidence from this and other work (Hughes, 
Stewart) seems to converge on the result that 
increased inter-developing country trade is 
occurring in a Balassa "'Stages"" manner, with 
higher income developing countries increas- 
ingly trading with lower income developing 
countries. Thus, it is no longer useful to 
classify the third world as a homogenous 
group as is done by Hillman. In short, there is 
& spectrum of development stages such that 
&cross-the-board developing-country recom- 
mendations become largely meaningless. 

At several points in the paper, the issue of 
instability and food security arise. With re- 
spect to agriculture, the issue for developing 
countries is the same whether they are agricul- 
tural exporters or importers. That is, how can 
the inevitable problem of fluctuating export- 
receipts (for exporters) or foreign exchange 
requirements (for importers) be best 
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cushioned? There have been several recent 
approaches to solving this problem not men- 
tioned in the Hillman paper. There is the 
scheme based on insurance principles, where 
concerned importing countries set aside for- 
eign exchange during times of low food prices 
to use in times of high food prices (Konan- 
dreas, Huddleston, Ramangkura). There is the 
International Monetary Funds (IMF) compen- 
satory financing facility, where a country in 
balance-of-payments difficulties may draw up 
to 100% of its quota, if exports fall below 
trend. Also the European Community’s 
*Stabex'" scheme under the Lomé, Conven- 
tions offers grants and interest-free loans to 
the associated developing countries if export 
earnings fall. Finally, the most recent stabili- 
zation scheme of large potential importance to 
developing countries is the recently agreed- 
upon ‘‘Common Fund'' for agricultural com- 
modities. Its establishment is a significant 
achievement because it is the first successful 
effort to bring about changes under the ‘‘New 
International Economic Order’’ through 
negotiations between developed and develop- 
ing countries. The Fund will be the first inter- 
national financial institution to be established 
since the Bretton Woods institutions. 

The basic rationale underlying the proposal 
for a Common Fund was that its establishment 
would facilitate the formation of commodity 
agreements by providing finance for buffer 
stocks. The pooling of buffer funds across 
several commodities whose price swings were 
not in phase would be an efficient method of 
gaining leverage in commodity markets. That 
is, receipts from buffer stock sales of a com- 
modity during its high price swing could be 
used to finance the purchase of stocks of an- 
other commodity whose price at that time was 
in a trough. 

While there is a high degree of enthusiasm 
over the potential of the Common Fund from 
developing countries, whether it can achieve 
its goals remains to be seen. The assurance of 
funding for buffer stocks may not be sufficient 
to bring commodity negotiations to a success- 
ful conclusion. In the past, negotiations have 
foundered not over the issue of a buffer stock 
but over the question of the release-and-ac- 
quisition-prices of the buffer. 

Hillman states that the agricultural sector in 
developing countries is taxed and subsidized. 
The weight of evidence of many case studies 
indicates that there is little subsidization but a 
considerable degree of taxing in agriculture in 
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developing countries. Taxes are a serious 
problem severely skewing the terms of trade 
of agriculture in developing countries and hin- 
dering exports. While we can find a few exam- 
ples of subsidies (usually on inputs), they are 
isolated and unimportant relative to the vari- 
ous taxes, levies, and price controls on ag- 
riculture. (See Peterson, Lutz and Scandizzo, 
Bale and Lutz, and case studies cited by the 
latter.) 

As has been noted by Schultz and restated 
here, “Һе principal controversy surrounding 
food security relates primarily to man's policy 
role, not to the limitations of man and nature 
to produce enough food” (р. 16). I strongly 
concur with the position that various inter- 
ventions in the agricultural complex have a 
negative effect on output. Hillman follows this 
by correctly pointing out that institutional 
changes have tended to reduce the prospect of 
food insecurity over the years and cites such 
changes as communications and transporta- 
tion, enlightened attitudes, and tradable food 
reserves held by grain-exporting countries. 

While these tendencies are correct, the 
world's food system is ill-equipped to handle 
major shocks. We are all familiar with the 
capacity constraint of the St. Lawrence Sea- 
way, the bottleneck of lock 26 on the Missis- 
sippi, and the virtual closedown of the Port of 
Portland due to sedimentation. This infra- 
structure simply would not allow sudden in- 
creased shipments of stored grains in response 
to a foreign shortage. Further, there are infra- 
structure problems in importing countries. The 
vastness of a country such as India combined 
with insufficient communication and transpor- 
tation make it extremely difficult for para- 
statals to understand, let alone manage and 
coordinate, the food procurement and dis- 
tribution system. In addition, reports of 
silting-up of irrigation systems ata rate greater 
than the rate of development of new irrigation 
systems, due to an imbalance of investment in 
new structures over maintenance, serve to 
emphasize the delicate balance within which 
the global food distribution system operates. 

I find myself in substantial agreement with 
the discussion on the importance of freer trade 
to developing countries, but I think that it is 
incorrect to imply that the gains to developing 
countries of the Tokyo Round were negligible. 
The value of import concessions by the Euro- 
pean Community (EC) and eight industrial 
countries to developing countries has been es- 
timated at an annual level of $12 billion in 
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agriculture and $28 billion in indusiry (GATT 
1980). In addition to these pecuniary gains, 
developing countries stand to benefit (along 
with the rest of the world) from the reforma- 
zion of the trading codes. 

If, as Hillman states, developing countries 
are disappointed in the results of the Tokyo 
‘Round, it is relevant to ask why their expecta- 
lions were not achieved. The reasons are im- 
portant, I think, because they are frequently 
overlooked by economists. First, few develop- 
ing countries are members of GATT and there- 
fore few participated in the multilateral trade 
negotiations (MTN). Second, aad more im- 
portant, trade negotiations are complex and 
specific undertakings. Industrialized coun- 
tries, when embarking on them, establish pri- 
orities as to which commodities they wish to 
negotiate greater market access and which 
commodities they are preparec to ‘“‘trade- 
away” in return. Before going to the negotiat- 
ing table, developed countries have defined 
their individual particular interests. Develop- 
ing countries tend not to do this but rather 
come to the table with broad aad sweeping 
catch-phrases, such as ''greater market ac- 
cess," or ''special differential concessions." 
They do not focus on narrow commodity-spe- 
cific issues because, in general, they do not 
have the large intellectual pool of academics 
end support-staff backing them up with analy- 
ses of the various: scenarios. When trade 
regotiations get down to serious bargaining at 
the commodity level, they normally involve 
cnly half a dozen individuals representing 
countries that have a particular interest in that 
issue. Thus, if developing countries have not 
examined and defined their positions along 
with working details of them, they tend to be 
left on the periphery of the negotiations. If 
леу wish to influence the course of negotia- 
tons, it is necessary for them to have well- 
documented, specific cases. 

I will close by supporting Hiliman’s view 
that when comparing export-oriented versus 
s2lf-sufficiency policies, the weight of evi- 
dence supports strategies that enzourage fur- 
ther exports, although, as Hillman em- 
phasizes, there are exceptions to this. Yet, I 
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believe that our profession must go beyond 
giving such broad advice, especially in view of 
the sluggish growth prospects in the indus- 
trialized world. Rather, we can perform a 
greater service to developing countries by 
formulating precise proposals focusing atten- 
tion on alleviating specific bottlenecks in their 
a2ricultural sector. 
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The Role of Land Reform in Economic 
Development: Policies and Politics: 


Discussion 
Daniel W. Bromley 


There are several important points made by de 
Janvry: one relates to his taxonomy of land 
reforms by country and over time, another is 
to be found in his four reasons land reform will 
not be an important issue on the economist’s 
research agenda in the coming decade. With 
respect to his taxonomy, de Janvry claims that 
it permits the identification of the needed 
characteristics of future reforms, given the ac- 
tual state of existing agrarian structures. He 
then argues that this gives us a basis from 
which to seek answers to the question about 
why land reform appears to be a dead policy 
issue in most countries. I have four concerns 
with respect to his treatment of the land re- 
form issue and will now turn to a brief discus- 
sion of each. 

My first concern is that the four reasons he 
offers for why land reform is a dead policy 
issue do not follow uniquely from his analysis 
but could be derived quite independently. De 
Janvry offers the following reasons: (а) the 
political alliance for land reform must be ca- 
pable of opposing an established capitalist 
class in agriculture; (6) all efficiency gains 
from land reform have virtually been 
exhausted; (c) domestic demand is no longer 
important as a macro consideration since the 
industrial sectors are primarily export ori- 
ented; and (d) the ruling class will only give 
in grudgingly and in small doses. I see little 
unique about his paradigm or his taxonomy 
-which produce these findings. To put it differ- 
ently, it is possible to arrive at these conclu- 
sions quite outside of his analysis. 

My second concern is that the above list of 
reasons for the demise of land reform as a 
policy issue, while rather reasonable in spite 
of my contention that they do not follow from 
his analysis, misses one very important con- 
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sideration. A plethora of changes have oc- 
cured in the developing economies which, in 
combination, drive down the economic role of 
land to the point that in some instances access 
to—or control over—land may be quite ir- 
relevant. Perhaps this is implicit in his second 
item on the above list, but its importance war- 
rants special mention. 

The advent of high-yielding varieties, in- 
creased reliance on chemical pesticides and 
fertilizers, control over irrigation water, and 
the multitude of ways in which urban domi- 
nated agricultural policy can countermand any 
nominal gains from better land use oppor- 
tunities all combine to render—in many in- 
stances—land ownership quite irrelevant. 
There are so many factors which impinge upon 
the economic environment of a newly landed 
peasant that the legal and/or economic rela- 
tions of that person to the land resource may 
be quite beside the point. Land cannot be con- 
sidered important in either a policy or a politi- 
cal context when it is often so irrelevant in the 
ultimate reckoning of a peasant's economic 
position. | 

My third concern is that his paradigm, 
which concentrates on modes of production 
and class relations, is overly rigid and not ter- 
ribly helpful analytically. For instance, he 
says that a reform is an institutional innova- 


‘tion promoted [permitted?] by the ruling order 


to overcome economic and/or political con- 
tradictions without changing the dominant so- 
cial relations. However, if the agricultural 
population is transformed from one of 1096 
landowners and 9076 wage laborers/tenants to 
one of 75% landowners and 25% wage labor- 
ers/tenants, it is hard for me to see how the 
dominant social relations have not been seri- 
ously altered. The fact that the nonagricultural 
sector remains capitalist, along with the ag- 
ricultural sector, may make it seem that social 
relations have not changed much, but this is 
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an artifact of a model that sees sacial relations 
as derivative of modes of prcduction writ 
large. It is the old capitalist/socialist dichot- 
omy, and here it seems to miss very important 
changes in social relations even in the absence 
of a transition from capitalist to socialist 
modes. 

To de Janvry, revolution is the only thing 
which will alter social relations, and here he 
would mean a transition from feudal to 
capitalist, or feudal to socialist, cr capitalist to 
socialist. This sort of rigid dichotomy does not 
seem very helpful analytically, especially 
when it leads us to conclude that dominant 
social relations have not been altered by a 
massive redistribution of lanc within the 
capitalist mode. When this new economic op- 
portunity is created for the formerly landless, 
few could deny that sweeping changes have 
occurred in the social relations governing rural 
life. 

My fourth and final point concerns de Jan- 
vry's use of the term ‘апа tenure.’’ He says 
that land reform changes the modes of produc- 


Amer. J. Agr. Econ. 


ton, the associated class structure, and the 
pattern of land tenure. I may be missing some- 
thing here, but I consider it more helpful to say 
tat land reform alters four aspects of the 
man/land interface: namely, (a) who controls 
land; (b) who may use land; (c) who reaps the 
tenefits of land use; and (d) who bears the 
costs of land use. Once said, we then can 
explore the nature and extent of changes in 
taese four factors, and we might conclude that 
tne dominant mode of production has been 
changed, and that this will then hold important 
implications for social relations. Simply put, I 
cuestion his causal chain which runs from 
nodes of production to class structure to land 
tenure. 

In closing, let me emphasize that in spite of 
ny concerns, I found the paper to be useful, 
informative, and an important new perspec- 
tive on a topic which—as he indicated—will 
remain an important political issue. The sym- 
tolic value of land will remain prominent, 
even as its economic value may be allowed to 
cecline. 
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Boris, Constance M., and John V. Krutilla. Water 
Rights and Energy Development in the Yel- 
lowstone River Basin: An Integrated Analysis. 
Baltimore, Md.: Johns Hopkins University Press 
for Resources for the Future, 1980, xiv + 278 
pp., $25.00. 

The staff at Resources for the Future has again 
accomplished the difficult task of producing a book 
that has substantial relevance for both policy mak- 
ers and academicians. Boris and Krutilla’s analysis 
of water use alternatives in the Yellowstone basin, 
with emphasis on the issue of water availability for 
energy development, constitutes a useful treatment 
of an important policy issue. 

The approach used by the authors consists essen- 
tially of four parts: (a) a detailed specification of 
legal and institutional constraints to water devel- 
opment and use; (6) an assessment of competing 
water use demands, including demands for coal 
mining, processing and transportation, electrical 
generation, irrigation, municipal use, industrial use 
and instream flow reservations; (c) a discussion of 
the interrelationships between water quality and 
water quantity; and (d) development of a refined 
hydrologic simulator used to specify water avail- 
ability under a variety of water use scenarios. Their 
analysis is limited to surface water considerations 
and does not consider the economics of alternative 
uses. 

One particularly noteworthy point which runs 
throughout the book is that the authors remain 
realistic and never fall prey to the god of efficiency 
or to the narcotic of idealism. Most analyses of 
water use alternatives with which this reviewer is 
familiar use some form of economic efficiency cal- 
culus to predict what will and/or should happen 
under selected scenarios, with an often times con- 
sequent loss in realism and policy usefulness. In 
contrast, the authors recognize the relevance of 
economic considerations, but are willing to ac- 
knowledge and accept the predominant role of polit- 
ical criteria in water allocation. They then proceed 
to follow this acknowledgement with a very de- 
tailed and complete assessment of the legal- 
institutional environment in the Yellowstone basin. 
Indeed, their treatment of existing water rights, in- 
cluding the federal-reserved water rights issue, 
constitutes an excellent example of how to integrate 
effectively institutional and engineering consid- 
erations in policy analyses. 

The single major deficiency in the analysis is the 
author’s failure to consider adequately the potential 
significance of ground water as an alternative 
source of supply. The authors note that substantial 
ground water supplies are physically available from 
the Madison formation, but do not explore exten- 


sively to what extent ground water could constitute 
an economically feasible source of water for some 
uses. The absence of information about this issue, 
although admittedly outside the scope of their 
study, makes it hazardous to draw definitive con- 
clusions about the potential limits or trade-offs as- 
sociated with energy developments in the Yel- 
lowstone basin. 

` In general, the book is extremely readable and 
should be easily understood by water or energy 
specialists and generalists alike. In view of the sig- 
nificance of the Yellowstone basin to the national 
potential for coal development, the book should be 
must reading for the full range of people engaged in 
water and energy policy formulation both within 
and outside the region. The book also can serve as a 
useful reference source for background information 
about a wide range of related issues, including 
everything from Indian water rights to the amount of 
water required for a coal slurry pipeline. Last but: 
not least, scholars engaged in similar work will find 
the book an excellent example of how to approach 
complex policy issues in a manner that is simulta- 
neously useful and methodologically defensible. 


Raymond J. Supalla 
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Campbell, Keith O., Food for the Future, Lincoln 
and London: University of Nebraska Press, 
1979, x + 178 pp., $12.50. 

Following a brief discussion of the trends in food 
demand and the current state of world agriculture, 
the author addresses the issues associated with ex- 
pansions of world food supplies. The role of agricul- 
tural research and technological change receives a 
great deal of attention. Other factors important for 
the future food supply, e.g., resource constraints, 
energy supply, rural institutions and infrastructure, 
and government policy are also treated in consider- 
able detail. 

Considering the period up to year 2000, the au- 
thor firmly believes that world food supplies can be 
expanded to meet increasing demands. While he 
rejects predictions that we are headed towards 
catastrophic food shortages on a global level, he 
concludes that governments must place very high 
priority on efforts to expand food production. Re- 
search and technological change is. considered by 
the author to be the key to rapid growth in food 
supplies. The need for expanded public investment 
in agricultural research is emphasized. It is felt that 
current underinvestment in such research may con- 
tinue into the future because of the weak lobbying 
position of the agricultural sector. The need for 
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public policy to facilitate technological change and 
expansions in food production is also emphasized, 
and it is argued that appropriate economic policies 
are much more important than expanded advisory 
services to farmers. A set of such policy areas is 
presented and a number of existing policy measures 
tiased against agriculture and food production are 
discussed. The author does not feel that resource 
constraints are likely to impose serious limitations 
on efforts to expand food production during the 
next twenty years and he argues effectively and 
convincingly against the use of energy input/output 
ratios instead of economic relationships as a guide 
for resource allocation in agriculture. 

The book is focused on the supply side of the 
food problem and does not promise to treat the 
demand side. However, such a focus does not jus- 
tify the implicit view that rapid expansions of the 
food supply should be considered as a goal of a 
higher order and not a means to improve the well- 
being of people. The author seems to argue for 
rapid expansions in food supplies for its own sake 
and sees little or no reason to consider side effects 
when planning the strategy for obtaining such ex- 
pansions. 

Poverty-oriented development strategies, redis- 
tribution of productive assets, e.g., land reforms, 
ала programs to alleviate malnutrition and starva- 
tion caused by lack of purchasing power are dis- 
missed if they in any way conflict with the gozl of 
expanding food supplies. The author seems to think 
that such conflicts between growth and equity are 
the rule rather than the exception. Efforts such as 
subsidies and price support, which encourage low 
income farmers to stay on the farm and, thus, slow 
down rural to urban migration, are hindering ‘‘prog- 
ress” and should be avoided according to the au- 
thor. Even the ‘‘family farm” falls by the wayside if 
a different tenure system is more efficient in ex- 
panding food supplies. 

Although the author provides no viable alterna- 
tive for the rural poor, he suggests that we recog- 
nize the ‘‘antiprogressive’’ nature of poverty- 
oriented rural development programs such as those 
promoted in developing countries by the World 
Bank and the U.S. government. 

To summarize, Campbell provides us with an 
excellent analysis of the principal factors influenc- 
irg the future food supply. The message is clear: 
expanded public investment in agricultural research 
and technological change combined with invest- 
ment in rural infrastructure and public policy to 
fzcilitate rapid food supply expansions are essential 
to meet future food demands. With such invest- 
ments and policy, resource constraints, including 
energy scarcity, are not likely to be of major con- 
cern in assuring the required supply expansions. 

While Campbell recognizes the existence of se- 
vere poverty, malnutrition, and starvation in many 
developing countries, he suggests that these prob- 
lems be dealt with separately ‘‘as part of a more 
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general attack on the problem of poverty” (p. 146). 
Yet he dismisses poverty-oriented rural develop- 
ment programs as inappropriate and undesired by 
many developing countries. However, in a world 
where a large proportion of the absolute poor de- 
pends on agriculture for their livelihood and where 
food expenditures by the poor account for a large 
Share of total incomes, an agricultural development 
strategy that ignores distributional effects is grossly 
inzppropriate. Growth and equity goals must be 
integrated into the strategy—not dealt with sepa- 
raiely. Poverty problems in high income countries 
such as Australia and most of Western Europe may 
be. dealt with through separate welfare programs. 
But a viable solution to the poverty in most devel- 
oping countries can only be found within an inte- 
grated growth/equity development strategy. 


Per Pinstrup-Andersen 
In.ernational Food Policy Research Institute 


Gcldberg, Ray A., and Richard C. McGinity. Ag- 
ribusiness Management for Developing Coun- 
tries: Southeast Asian Corn System and American 
and Japanese Trends Affecting It. Cambridge, 
Mass.: Ballinger Publishing Co., 1979, xxv + 

- 643 pp., $17.50. 
Tte authors have undertaken the monumental task 
of comparing and contrasting the organization of 
production, marketing, and consumption of corn in 
the United States, Japan, Indonesia, Thailand, and 
the Philippines. From these diverse economic sys- 
tems the authors attempt to draw generalizations as 

a guide for private and public decision makers for 

“‘ceveloping an effective food system.” Failure to 

accomplish this goal is more a reflection of the 

complexity of the task than on the capabilities of 
the authors. 

The focus of the book is agribusiness, defined to 
encompass a complete vertical cross-section of the 
соп industry from geneticists to consumers in each 
coantry. The firms and agencies comprising these 
systems are described in detail, and differences in 
Scale and structure are amply illustrated with 269 
tables and 50 figures. With only 149 pages of text, 
the book relies heavily on the twenty-one case stud- 
ies (358 pages) to provide insight into the 
decision-making processes of producers, pro- 
ceisers, cooperatives, and government agencies in 
each country. 

Although the tables and diagrams provide a valu- 
abe resource, the authors fail to utilize their full 
po:ential. For example, figure 5-11 and 6-1 are 
identical, an entire page is allocated to each, but 
they are scarcely mentioned in the text. These 
complex flow diagrams would benefit from addi- 
tional explanation and interpretation. 

The description of the market structure in each 
country facilitates comparisons among the contrast- 
ing economic systems. However, the lack of an 
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analytic model within which the selected structural 
variables are related to performance creates dif- 
ficulty for the reader in sorting out desirable pol- 
icy actions. Industry concentration ratios within the 
corn-marketing sectors are often related to de- 
creased competition and abuse of market power. 
Yet no guidelines are offered as to appropriate firm 
numbers. In the Philippines, 24,000 wholesalers are 
not sufficient to ensure competition in purchases 
from farmers; while the Thailand corn industry is 
described as very competitive, with five firms own- 
ing all port facilities. It appears that the word 
"competition" is sometimes used as a behavioral 
term and sometimes as a structural variable. Differ- 
ing degrees of competitive structure are not iden- 
tified as-the description moves vertically through 
each segment of the system. Identification of the 
structure and performance variables and relation- 
ships would add some analytical depth and perhaps 
facilitate drawing generalizations from the detail 
contained in the case studies. 

The human interest details add a sparkle to the 
lengthy case studies, but the central theme is some- 
times obscured as you worry with Mr. Pullin about 
the lease that expires in August and whether or not 
he should purchase those extra feeder pigs. The 
information about the family from the Philippines 
living in a nipa-roofed hut with a secondhand sew- 
ing machine also provides an interesting back- 
ground for understanding the small farmer’s role in 
the Philippine corn system, but the relevant infor- 
mation could have been condensed significantly. 

A few errors occasionally creep into the descrip- 
tive material. For example, ‘‘milling intransit rates 
in the U.S. ceased to exist by the early 1970’s”’ 
(they are still in use by many grain and soybean 
processors); ''the typical covered grain hopper car 
carries 60 tons of corn" (7096 of the current cov- 
ered hopper fleet is in 100-ton hoppers); ‘‘a bushel 
of corn weighs about 56 pounds” (it weighs exactly 
56 pounds, by definition). Despite several of these 
minor errors, and a number of typographical errors 
that could have benefited from closer editing, the 
book amply demonstrates the role of economic in- 
centives in stimulating production response and the 
importance of the vertical system and coordinating 
mechanisms to development of an economically vi- 
able commercial corn sector. 

The authors’ description of the purchases of U.S. 
country elevators by international grain firms 
raises many interesting questions about causes and 
effects. Unfortunately, most of these questions are 
left unanswered as the section digresses into the 
issue of foreign ownership of farmland—of ques- 
tionable relevance since there is no evidence that 
farm ownership is related to the vertical integration 
of the grain firms. 

In the concluding chapter the authors face up to 
the limitations of the case study approach in meet- 
ing their objectives. In summarizing all of the ex- 
periences, they conclude that no pattern for success 
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or failure has developed; a program that worked in 
one region failed completely in another. The book 
succeeds in illustrating two important principles 
that I would have liked to see given more emphasis. 
The first is that policy changes related to commod- 
ities must take into account the entire vertical sys- 
tem and its interfaces. The second principle is that 
when the economic incentives are present, individ- 


. ual decision makers will develop the production and 


infrastructure necessary so long as government pol- 
icies do not interfere. Although the authors were 
unsuccessful in constructing a blueprint for devel- 
oping an economically viable corn industry, their 
identification of the essential vertical relationships 
within and between countries provides useful in- 
sights for policy makers in developing economies. 
Students of grain marketing and economic devel- 
opment alike will benefit from these insights and 
will enjoy the detailed description providing a bet- 
ter understanding of the corn systems around the 
world. 


Lowell Hill 
University of Illinois 


Helmers, F.L.C.H. Project Planning and Income Dis- 
tribution. Boston: Martinus Nijhoff Publishing 
Co., 1979, 295 pp., price unknown. 

The focus of this book is on project analysis and 

selection in developing countries. It consists of two 

parts—one devoted to conventional project- 
planning criteria and the other to income distribu- 
tion aspects. The first part is a thorough critical 
survey of the state of the arts with reference to such 
issues as the valuation of project benefits and costs, 
the analytics (e.g., optimal scale and timing) of 
project planning and project ranking. The second 
part is the real ‘‘raison d’être” of the volume. It 
covers such difficult questions as social welfare and 
benefit-cost analysis and intertemporal and inter- 
personal income distribution aspects. Recognition 
and adoption of poverty alleviation as a major pol- 
icy objective leads to the major theme of the book, 

i.e., that income distribution objectives have to be 

incorporated into project analysis. 

The opportunity cost doctrine is accepted in part 

1 as a starting point for the measurement of costs of 

production. A whole chapter (3) is devoted to pre- 

senting various methods which have been proposed 
to estimate the shadow prices of different inputs. 

The discussion of how linkage effects among proj- 

ects, externalities and macroeconomic imbalances 

(unemployment, balance of payment problems) 

should be incorporated in project analysis suffers 

from having excluded the programming approach to 
these questions. It certainly cannot be taken for 
granted—as the author does—that programming 
models cannot depict the real world situation and 
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that the shadow prices which they generate are 
"extremely crude" (p. 11). Many agricultural 
economists will be shocked at the rejection of the 
programming approach in helping to determine 
skadow prices in a variety of agricultural project 
settings. It could be argued that shadow prices gen- 
erated by programming models are often as realistic 
ard operationally useful as those generated by al- 
ternative partial equilibrium methods and, in any 
case, can provide a useful check on the latter. 

The heart of the volume is contained in part 2, 
wich is devoted to income distribution aspects. On 
the whole, the discussion is thorough, clear, and 
objectively presented. Helmers makes a strong and 
ccnvincing case for the incorporation cf the dis- 
tributional effects of projects reflecting societal val- 
ues. He starts oy rightly rejecting the so-called 
ccmpensation tests. If in reality compensation does 
nct take place, it is totally irrelevant to use a test 
according to which the poor could, in principle, 
have been compensated. After undertaking an in- 
teresting critical review of the theoretical and em- 
pizical literature оп the marginal utility of income 
schedule, the author concludes that even if it were 
pcssible to obtain accurate estimates of this sched- 
ule at different income levels, it still would not be 
appropriate to use these as weights to make inter- 
personal comparisons. The correct weights should 
be derived from societal values. This leads the au- 
thor to postulate such weights for a typical develop- 
ing country on the defensible assumption that soci- 
et: only cares about the very poor and the very rich 
and is relatively indifferent regarding the income 
distribution which prevails in between. 

Even though rrojects should be subjected to the 
above type of social rate-of-return analysis, the au- 
thor introduces what amounts to a lexicographic 
decision rule regarding project selection. First, only 
those projects whose economic rates of return are 
higher than the opportunity cost of capital should 
be accepted. It is only if this efficiency criterion is 
met that the second (equity) criterion—the social 
race of return analysis—comes into operation. This 
guarantees that all projects have, at least, an ac- 
ceptable economic rate of return. The above deci- 
sion rule is, of course, normative and reflects a 
particular type of social welfare function which ig- 
nores equity considerations altogether, as long as a 
minimal efficiency threshold is not met. The selec- 
tion rules adopted by the author might be inter- 
preted as a compromise between the old traditional 
(efficiency-oriented) approach to project analysis 
ani the evolving more equity-oriented approach. 

The incorporation of distributional objectives in 
project analysis requires the latter to move away 
frcm a strictly microeconomic framework towards 
the no-man’s land between micro- and macro- 
economics. Perhaps, fearing to be soiled by such a 
mcve, Helmers adopts a negative position regard- 
ing a macroeconomic approach to development 
plenning. To quote him: ‘ A poverty-focused strat- 
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egy is necessarily a micro-economic strategy and 
must rely on project analysis to help determine 
which projects and which programs will indeed 
raise the incomes of the poor and which must be 
rejected” (p. 262). It would be more accurate to say 
that a combination of a conducive macroeconomic 
policy framework and microeconomic project anal- 
ysis is required. In fact, Helmers seems to recog- 
niz2 this in his shert section on national planning 
anc project planning (pp. 13-15). The position of 
the author may be somewhat inconsistent on this 
issue. 

In conclusion, this is a very good treatment of the 
theoretical underpinning of project analysis. This 
volume deserves to take its place among a small set 
of -eference books in this area. It deserves to be 
read by practitioners and students of project analy- 
sis alike. 


Erix Thorbecke 
Erasmus University and Cornell University 


Hopkins, Raymond F., and Donald J. Puchala. 
Global Food Interdependence: Challenge to 
American Foreign Policy. New York: Columbia 
University Press, 1980, xvi + 214 pp., $20.00. 

In the late 1970s, with the return of favorable 

weather and the cansequent large harvests around 

the globe, the priority of food aid and food security 
іѕѕлеѕ on the agricultural policy agenda declined. 

Th:s book is intended to refocus attention on these 

issues. The authors examine the U.S. policy re- 

spcnse to world food issues in the 1970s and pro- 
pose policies which would improve the ability of the 

United States to respond to future food needs. 

Hopkins and Puchala’s central thesis is that the 
glo»al food system has not been performing satis- 
fac-orily and they recommend several policies to 
improve its performance. First, public policies are 
proposed to regulate vagaries of agricultural sup- 
ply. rectify policy distortions, and restrict abuses of 
the marketplace. These policies include interna- 
tionally managed grain reserves, bilateral trade 
agreements, and international commodity agree- 
meats. Second, they conclude that food aid is ben- 
eficial to recipient countries, and it is in the inter- 
est of the United States to continue food aid pro- 
grams, probably indefinitely. Because of this, the 

Unrted States should clarify food aid priorities and 

emphasize the developmental aspects of food aid. 

Thi-d, the authors argue in favor of improved coor- 

Gination between U.S. government agencies re- 

sponsible for food aid. Specific recommendations 

include an increased role for middle level specialists 
cn mteragency committees, greater appreciation of 
food aid issues at senior levels, and better integra- 
tior of the private sector into research and policy 
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deliberations. Fourth, they recommend a more ac- 
tive role for the United States in international food 
organizations. Finally, the authors argue for a more 
systematic consideration of long-range future 
scenarios in policy recommendations rather than 
relying only on short-term analysis. 

The authors are explicit in stating the arguments 
underlying their policy recommendations. They are 
political scientists and take a broad view of the 
global food system, incorporating the economic, 
political, and social institutions that shape food pol- 
icies. For example, they emphasize the political, 
legal, and institutional aspects of land in addition to 
economic factors. This broad perspective is one of 
the major contributions the book offers to agricul- 
tural economists. However, this general perspec- 
tive may be troublesome for some economists. Al- 
though most of their economic arguments appear 
reasonable, many are based on concensus opinions 
of economists with little supporting empirical eco- 
nomic analysis. 

Hopkins and Puchala’s analysis leads to conclu- 
sions which will challenge some economists’ views 
of global food issues. They criticize economic 
theorists for being more concerned with substitut- 
ing abstract economic logic for empirical analysis 
and concrete policy recommendations. They write 
(p. 71), “А world of exploding populations, pre- 
dictable food deficits, erratically fluctuating prices, 
and growing dependence upon an imperfect market 
is hardly served by philosophic debate [on grain 
reserves] in lieu of action.” They also conclude for 
institutional and political reasons that food aid is a 
more realistic policy than income transfers. Some 
economists argue in favor of a cash transfer on the 
basis of economic efficiency. The authors contend 
that if serious efforts were made to substitute in- 
come transfers for food aid, diverse political inter- 
est groups would mobilize against the policy. Fur- 
ther, even if such counter-efforts failed, there is 
little reason based on the politics of foreign aid to 
expect that suspended food aid flows would be 
compensated by increased cash flows. Hopkins and 
Puchala’s conclusions offer economists an oppor- 
tunity to reexamine their policy recommendations 
on food issues. 

The major contribution of the book is the bal- 
anced discussion of global food issues. They are 
concerned about the future, and while approaching 
global food issues with a sense of urgency, are 
optimistic. The policy recommendations reflect a 
belief that the existing system can be responsive to 
food needs, albeit with modifications. They do not 
condemn the current world food-trading system, 
but propose positive changes of limited scope, such 
as international grain reserves, and improved inter- 
and intra-government coordination. As might be 
expected, their policy recommendations probably 
will not satisfy the ‘‘hunger lobby,” nor will they be 
acceptable to those who view the issue of global 
food security with skepticism. But the balanced 


Books Reviewed 405 


concern of the authors is effective in refocusing 
attention on global food issues, and their policy 
recommendations are worthy of serious considera- 
tion by agricultural economists. 


Philip L. Paarlberg 
USDA ESS 


Jackson, David Н. The Microeconomics of the Timber 
Industry. Boulder, Colo.: Westview Press, 1980, 
xiii + 136 pp., $18.50. 
The purpose of this book is ‘‘to provide a better 
linkage between microeconomic theory and forest- 
ry" (p. xii). To achieve his purpose, the author 
states two objectives: (a) theoretical development 
of the firm's timber supply function with time de- 
pendent production, and (b) aggregation of individ- 
ual firm supply functions into a market supply func- 
tion. These models are subsequently used to ana- 
lyze the effect of various types of taxes on timber 
production and market supply. The central focus of 
the book is on the actions of private timber produc- 
ers with little theoretical development of public 
timber supply or demand. 

To develop the firm's supply function with time- 
dependent production, a wealth maximization 
model is constructed with output a function of 
establishment (reforestation) inputs and time. 
Time-dependent production necessitates the dis- 
counting of this wealth equation. Timber produc- 
tion is assumed the land's highest and best use; thus, 
the discounting procedure for an infinite series of 
timber rotations (production cycles) is used. Utiliz- 
ing this equation, comparative statics are used to 
expand and modify Gaffney's 1957 financial matur- 
ity study. The major contribution of this analysis is 
that both time and input levels are allowed to vary 
rather than just harvest age as in Gaffney's study. 
This modification results in a lengthened rotation 
age instead of a shortened one, as predicted by 
Gaffney, given an increase in the interest rate. 

In deriving the firm's supply function, optimal 
production decisions at two different output prices 


are compared. It is shown, assuming a fixed land 


base, that timber supply is a positive function of 
output price. The response to an increase in interest 
is negative. Additional production models of in- 
creasing complexity, including heterogenous prod- 
uct quality and n-decision alternatives, are pre- 
sented, but are not used to derive more complex 
supply functions. 

The industry's supply function is derived from 
the simple production function of one input and 


‘time. Since the firm's supply function is in terms of 


output per acre per unit of time, it must be multi- 
plied by the acres in each firm and then added 
across all firms to derive the timber supply function 
for private industry. In this model, the land base is 
not fixed and changes in timberland acreage are 
viewed as the entry or exit of firms from the market. 
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Therefore, an elastic timberland market would re- 
sult in a more elastic timber supply 

To develop the timber market, pub.ic timber sup- 
ply is assumed inelastic at a governmentally con- 
trolled output per year. A simple timber demand 
function is specified and market equiibriums under 
cifferent conditions are analyzed. 

In the fourth chapter (of five), there is an abrupt 
change in the subject matter from theoretical devel- 
cpment to policy analysis. The previously devel- 
cped models are utilized to determine tax impact 
and incidence on intrafirm resource allocation and 
market supply and price. Sales or excise taxes, 
capital gains taxes, and accrued income taxes are 
ronneutral and cause shifts in timber supply. Three 
kinds of land taxes and ordinary income taxes are 
shown to be neutral. 

A shortcoming of the book is the lack of an in- 
depth discussion of the dynamics of the entry or 
exit of land from timber production. This deficiency 
arises from the assumption that timber production 
is the highest and best use of the land. Since the 
mumber of acres devoted to timber production 
could significantly influence supply responses, 
some type of land market is needed to determine 
the net impact of price and interest changes on 
sipply. Another area of weakness is the derivation 
07 the firm's supply function. The function is de- 
rived from a comparison of two static points rather 
than from the profit or. cost function. While this is 
probably due to the inclusion of time dependent 
p-oduction, the author fails to explain this deviation 
from the more classic microeconomic development 
07 the supply function. Numerous typographical er- 
rors make certain statements and equations difficult 
tc understand. 

The book's contribution is its demonstration of 
microeconomic theory in a forestry context. As 
such, it may be useful as a supplement to graduate 
courses in forest economics. Economists studving 
timber production or forest taxation also may find 
tke book interesting. 


W. L. Mills, Jr. 
Auburn University 
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Peterson, Trudy Huskamp. Agricultural Exports, 
Farm Income and the Eisenhower Administra- 
tion. Lincoln and London: University of Ne- 
braska Press, 1980, xii -- 222 pp.. $15.95. 

When Dwight Eisenhower won the presidential 

election of 1952, the Republicans came steaming 
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irto office determined to uproot New Deal 
'"'socialistic" programs. One sector that they felt 
was ready for deep plowing was the farm income 
sLpport apparatus. This included acreage allot- 
ments, price supports, and commodity diversions at 
home and abroad. 

The direct payments of wartime had been discon- 
tinued, and Agriculture Secretary Charles F. Bren- 
nzn's plan for such payments on perishable com- 
modities was not enacted. Acreage limitations re- 
mained as the .main instrument for reducing 
strpluses and holding up prices. Republican ag- 
ricultural leaders proposed to get rid of this and 
hendte the surplus problem by boosting export sales 
of grains, cotton, and other major products. 

This book, by a historian with the National Ar- 
chives and Records Service, describes the back- 
ground and political maneuvering which brought 
fo-th the Food for Peace legislation of 1954 (Public 
Law 480) and the operation of the law in the 
Essenhower years. 

Food for Peace, that is, aid for poor countries, 
was a significant objective behind the new law, but 
cemmercial export development was even more 
important in the minds of the Farm Bureau leaders, 
who strongly advocated the program, and Ezra Taft 
Benson, the new Secretary of Agriculture. Sales of 
farm products abroad at submarket prices were to 
pave the way for expanded commercial trade. Do- 
nations also would promote American foodstuffs. 
THis would overcome the surplus plague and avoid 
the ideologically repellent crop controls. (Govern- 
ment in:ervention in foreign trade apparently was 
less dreadful to the G.O.P. ideologues.) 

=xport subsidies were not new, of course; they 
had been used in various ways—Export-Import 
Benk loans, Marshall Plan grants and loans, Section 
32 funds from customs' revenues used for export 
subsidies, and Commodity Credit Corporation re- 
lie? sales and donations, as well as barter trades 
wi h agricultural commodities. P.L. 480 was a plan 
to enlarge and systematize the whole business. 

Secretary of State Dulles saw the program as a 


. tocl for pursuing political aims in strategic areas. 


The new law authorized sales to ‘‘friendly”’ 
countries—not to the USSR or a country ‘‘domi- 
nated or controlled by the foreign government or 
foreign organization controlling the world Com- 
munist movement." How times have changed! In 
1972, Soviet grain purchases were welcomed with 
subsidies. À partial grain embargo on sales to the 
Soviet Union in 1980 was regarded as intolerable by 
the same pressure groups which applauded the P.L. 
48C embargo. 

F.L. 480, like the export disposal programs which 
prezeded it, proved to be an inadequate substitute 
for crop acreage limitation as a means of supporting 
farm income. Surpluses still accumulated in the 
19505, and in the 1960s crop acreage controls re- 
turaed. 

Peterson's book is an elaborately documented 
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study, as would be expected from an archivist. The 
author relied heavily on papers of USDA 
luminaries, including those of Don Paarlberg, a Fel- 
low of this Association who was an economic ad- 
viser to Benson and later Food for Peace adminis- 
trator. Paarlberg was one who cautioned against ex- 
cessive dumping of commodities, fearing that this 
would undermine commercial markets, including 
those of U.S. allies—which it did to some extent. 
But these warnings were overridden by the impulse 
to shuck the government control system at home. 

One inheritance of the program is the dependence 
of many less developed countries on the U.S. gra- 
nary for their reserves, which has inhibited rather 
than helped agricultural development in those coun- 
tries. Another was the misuse of Food for Peace to 
pursue military and political objectives instead. of 
economic aid. These outcomes were foreshadowed 
in some degree during the debates prior to enact- 
ment of P.L. 480—but ignored. 

The Peterson book is valuable for reference, de- 
spite a lack of sophistication in interpretation of the 
underlying economic issues. It is excellent as a 
reporting job on the politics of agricultural trade 
during the 1950s. 


Lauren Soth 
West Des Moines, Iowa 


Schmitt, Bernard A. Protein, Calories and Develop- 
ment. Boulder, Colo.: Westview Press, 1979, xxi 
+ 224 pp., price unknown. 

In the foreword to this book, Ray Canterbury de- 
scribes its scope as staggering. Indeed, the book 
more fruitfully could have become three journal 
papers. The first part of the book, covering the first 
three chapters, is a useful overview of recom- 
mended daily allowances for proteins and calories 
and the importance of diet quality as an indicator of 
food adequacy. The second part, chapters four and 
five, is about projections of domestic food produc- 
tion for developing countries using cross-sectional 
data. The balance of the book, chapters six and 
seven, is a yet-to-be-finished paper on food poli- 
cies. Forecasts are developed for a number of food 
commodities that represent the principal sources of 
energy and protein in human diets (wheat, rice, 
coarse grains, pulses, sugar, starches, and livestock 
products). The work is innovative because the 
productive capacity of agricultural labor is aug- 
mented through three measures of food availability 
(a nutritional index, per capita calories, and per 
capita proteins). The approach is described as the 
‘‘cyclonutritional’’ phenomenon whereby nutrition 
(food intake) is said to affect human capital, which 
in turn affects agricultural output through enhanced 

labor productivity. 
Data for 1970 from developing countries that are 
significant producers of each commodity are used in 
the estimation of unrestricted Cobb-Douglas pro- 
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duction functions. Labor, land, and fertilizer are 
used as conventional factors of production to ex- 
plain physical output of each commodity. Technol- 
ogy differences among countries are said to be held 
constant in the regression analyses by including a 
technological index. The technological index is a 
complex composite of several ordinal and nominal 
scales of concepts such as mass communication, 
political commitment to economic development, 
character of the agricultural organization, and mod- 
ernization of techniques in agriculture as well as 
indices developed by other authors. The rationale 
and scalar properties of the technological index is 
not complete and lacks specificity on what the 
index measures. 

The data-processing effort is impressive. About 
seven of the twenty (or so) regressions which were 
run for each commodity are presented. No logic is 
given for the particular choice of variables in the 
regression results that are presented. Furthermore, 
there is no consistency of presentation, so that the 
effect of a given variable in one commodity may not 
appear in the same specification for another. Thus, 
there is no clarity regarding the hypotheses being 
tested. 

The estimates of the effect of conventional fac- 
tors seem robust across equations within commod- 
ities. Estimates are presented as output elasticities 
without reference to what is being held constant. 
'The estimated effects of land are presented as sub- 
stantially larger than the estimates of other autbors, 
yet no meaningful effort to explain the differences is 
presented. The results are said to point out the 
importance of land in developing agriculture as op- 
posed to the capital intensive agriculture of devel- 
oped countries. Furthermore, the claim is made 
that the technology index eliminates any confound- 
ing of the land effect. The technology index was not 
significant for wheat production, and this was ex- 
plained away by appeal to a colinearity with fer- 
tilizer. Yet data for Argentina, Mexico, and India 
are excluded from the wheat regressions, as are 
irrigation and high yielding varieties. 

The stated novelty in the analysis is the inclusion 
of nutritional variables. Two equations are pre- 
sented which show proteins as significant, another 
two show the quality-adjusted nutritional index as 
significant, and yet another two equations show 
each of these to have a significant interaction with 
labor. In these latter two, no main effects are 
tested, so it is not clear that the interaction effect is 
significant, per se. Much of the main policy recom- 
mendation hinges on this result. 

Selected output elasticities are then combined 
with projections of factor use to 1985 to project 
country-by-country output for each commodity. 
The projections and forecasts all assume constant 
relative prices and no reallocation of factors among 
commodities. When compared against United Na- 
tions Food and Agricultural Organization demand 
projections, all commodities, except sugar and 
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pulses, show deficit balances. These imply a 
shortfall of 120 to 174 calories per capite per day in 
the developing world. This is a cereal ecuivalent of 
60 million metric tons per annum. 

In the conclusions, trade and aid are ide to be 
insufficient to fill the gap. The ‘Green Revolution” 
is said to be included already in the data (recall the 
exclusion of Mexico and India from the wheat anal- 
ysis) and to contribute little because the new high- 
yielding varieties are fertilizer-intensive. Land and 
fertilizer use would have to be increased by half 
azain the projected growth to fill tae forecasted 
nutrient gaps. A redistribution of nutrients to ag- 
ricultural labor could yield multipliers of 1.1 to 1.2 
on food output. Nothing is said about how this 
targeted food transfer is to be achieved. The con- 
clusions and policy recommendations form an in- 
teresting set of hypotheses on which со »egin work 
on the third paper. | 


David L. Franklin 
Research Triangle Institute 


Stevens, Christopher. Food Aid and the Developing 
World, New York: St. Martin’s Press for the 
Overseas Development Institute, 1979, 224 pp., 
$22.40. 

This book does not do precisely what its title im- 

plies. It focuses on four African recipients (Bot- 

swana, Lesotho, Tunisia, and Upper Volta), and the 
first six chapters present a miscellany of facts and 
figures about the food aid practices of each of the 
donors active in those four countries and the ex- 
perience of each of the four countries in administer- 
ing various types of food aid projects and programs. 

Yet, the focus on Africa is an important contribu- 

tion of the book, and it leads in an irdirect way to 
the more general insights the author clearly wishes 
to convey. Much of the earlier empiricel literature 
considers the experience of the larger food aid re- 
cipients in Asia and Latin America. Focusing on 
Africa provides a perspective on smaller recipients 
and on the targeted project approach which has 
been missing from previous work. To the author's 
regret, empirical data for doing rigorous impact 
analysis are simply not to be had in these or other 
small African countries. This lack does not prevent 
him from giving good evidence for each of the 
points he wishes to make. The chapters on the 
recipients and on the uses of food aid (3, 4, 5, and 6) 
could have been improved by a greater effort to 
provide comparable secondary data for all of the 
countries and to give a clearer statistcal picture of 
t3e relation of food aid flows to domestic produc- 
tion and total imports in quantitative terms. How- 
ever, the net result of Stevens' more spottv use of 
numbers is still to give a fairly clear ricture of how 
food aid operates within the economic and political 
framework of each of the four countries under 
study. 
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A second valuable contribution is Stevens’ 
ta «onomy of the uses of food aid. By distinguishing 
three generic types of food aid and classifying vari- 
oLs types of targeted projects and bulk supply pro- 
grams accordingly, he sharpens our understanding 
of the relation between different food aid objectives 
ard the approach selected for implementation. His 
thcee categories are food for cash, food for nutri- 
tion, and food for work. The primary aim of food 
foz cash, in his view, is ‘‘to realize the money value 
of the food aid," which can be achieved either 
th-ough open market sales or through institutional 
fezding programs, as in secondary schools and hos- 
picals. The primary aim of food for nutrition is to 
improve the nutritional status of people who are 
particularly vulnerable or deserving, which is usu- 
асу attempted through mother/child feeding pro- 
grams or through primary school lunches. The pri- 
mary aim of food for work is to subsidize produc- 
tive employment for the very poor by providing a 
ration cf food in lieu of cash wages, which can be 
accomplished either through public works projects 
or through resettlement and farmer incentive 
Schemes. 

In chapters 7, 8, and 9 Stevens presents his con- 
clasions and findings with respect to the impact of 
fo»d aid on nutrition, consumer prices, and agricul- 
tual production. In these chapters he reviews the 
evidence from individual projects and programs in 
each of the four study countries. Because his four 
ccuntries are each quite different and the coverage 
of different types of food aid activities is broad, 
these chapters are sprinkled throughout with in- 
teresting microlevel observations. Stevens gives 
plenty of specific instances in which food aid has 
had a negative impact. Nevertheless, his examples 
of positive, though sometimes unintended, results 
arz sufficiently numerous to justify his more general 
pant that there is nothing inherent about food aid to 
support some critics’ claims that its effects will 
al-vays be bad. 

Christopher Stevens stands firmly with those 
who believe food aid can be a useful development 
assistance tool. In his concluding chapter (10), he 
gives some cogent reasons for this view. For one 
th. ng, he points out that ‘ог political reasons it is 
dificult to focus openly on two of the most attrac- 
tive features of food aid: first, that it often repre- 
seats free foreign exchange, and second that it is a 
subtle means of providing income-in-kind to poorer 
people” (p. 204). Support for food aid comes from 
exporters, who want the food to be additional to 
ccmmercial imports, and hunger lobbies, who want 
th» food to feed the starving millions. Since the real 
accomplishments of food aid are not the ones its 
strongest supporters advocate, it is clear why food 
aid is in trouble in some quarters, despite its poten- 
tid importance for development in many third 
world countries. 

For another thing, in the effort to link food aid 
more effectively to rural development activities, 
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both supporters and critics judge the effectiveness 
of the linkage according to whether or not the ac- 
tivities supported are the most promising for rural 
development. To Stevens, this is a fundamentally 
misguided approach. Food aid, he says, ‘‘should be 
used in activities that can use it effectively and are 
not destabilized by it’’ (p. 207). Those who claim 
that some methods of disbursing food aid are inher- 
ently superior to others simply because they link 
directly to fashionable projects or policies would 
actually constrain food aid from being used in the 
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variety of ways necessary to achieve its maximum 
potential effectiveness. 

For those who read it and absorb its message, 
Stevens’ book should help clarify what food aid can 
and cannot do and give practical guidance to those 
actively attempting to improve its developmental 
effectiveness. 


Barbara Huddleston 
International Food Policy Research Institute 
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Quzlity Standards: A Mathematical Programming 
Approach.” 

Joha Raymond Stoll, B.S. University of Wisconsin, 
Green Bay, 1973; M.S. 1977, Ph.D. University of 
Kertucky, “The Valuation of Hunting Related 
Amenities: A Conceptual and Empirical Ap- 
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Gordon Roy Banta, B.S. 1963, M.S.. 1967, Ph.D. 
University of Alberta, "Asian Cropping Systems 
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dures.” 

Jose Baldeci Biserra, Diploma of Engineer Ag- 
ronomo, Universidade Federal do Ceara, Fortaliza, 
1969; M.S. Universidade de Sao Paulo, Piracicaba, 
1971; Ph.D. Ohio State University, ‘‘Uncertainty 
and Decision Analysis on Large Sharecropped 
Farms in Northeast Brazil.” 

Angus Chidebelu, B.S. University of Nigeria; M.S. 
University of Guelph; Ph.D. University of Georgia, 
"An Analysis of Factors Affecting the Commer- 
cialization of Limited Income Farms in Georgia." 
Eric Winthrop Crawford, B.A. Pomona College; 
M.P.A. Woodrow Wilson College; Ph.D. Cornell 
University, ‘‘A Programming-Simulation Study of 
Constraints Affecting the Long-Run Income- 
Earning Ability of Traditional Dryland Farming 
Systems in Northern Nigeria.” 

Richard Lewis Farnsworth, A.B. Brigham Young 
University, 1972;.M.S. 1976, Ph.D. University of 
California, Berkeley, ''A Decision Theoretic Anal- 
ysis of Alternative Pest Control Strategies: A Case 
Study of Cotton Growers in California.” 

Sushma Sharma Gauguly, B.A. 1969, M.A. 1971, 
University of Delhi; M. Phil. Jawaharal Nehru Uni- 
versity, 1976; Ph.D. Clemson University, “А 
Risk-Return Analysis of Irrigating Field Crops in 
South Carolina.” 

Richard M. Klemme, Ph.D. Purdue University, 
“Ап Economic Analysis of the On-Farm Grain 
Handling Decision Problem, Vol. I & II."' 

G. L. Knowles, B.S. 1973, Ph.D. University of 
Minnesota, "Estimating Utility of Gain Functions 
for Southwest Minnesota Farmers.” 

Ghanbar Kooti, B.A. Jondi Shapoor University, 
1974; M.S. 1980, Ph.D. Michigan State University, 
"The Relationship between Land Values and Fac- 
tor Costs." 

Steven Edwin Kraft, В.А. American University; 
M.S., Ph.D. Cornell University, ‘‘Performance 
Classification of New York Soils: The Farmer's 
Perspective.” 

Banterng Masang, B.S. Thammasart University, 
1968; M.S. 1975, Ph.D. Iowa State University, ‘‘An 
Application of Bayesian Decision Models in 
Evaluating Net Returns of Paddy Farm Storage by 
Farmers in the Central Plain of Thailand.” 
Thomas J. McGuckin, B.A. Pomona College, 1972; 
M.S. Colorado State.College, 1976; Ph.D. Univer- 
sity of Wisconsin, ‘‘An Economic Assessment of 
Alfalfa Dewatering Technology in Wisconsin.” 
Ndanusa Braimah Mijindadi, B.S. Ahmadu Bello 
University; M.A. University of Leeds; Ph.D. Cor- 
nell University, ‘‘Production Efficiency of Farms in 
Northern Nigeria.” 

Arun Kumar Misra, B.S. 1963, M.S. 1965, Orissa 
University of Agriculture and Technology; Ph.D. 
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University of Missouri, ''An Economic Evolution 
of Problems and Production Potentials of Small 
Farms in Orissa, India."' 

Abdoulaye Niang, Ph.D. Purdue University, “А 
Linear Programming Model of a Representative 
Sahelian Farm: The Cases of the Cotton Zone in 
Mali and the Peanut Zone in Senegal." . 
Dennis Terrence O'Brien, B.S. University of Syd- 
ney, 1970; M.S. University of Manitoba, 1974; 
Ph.D. Oregon State University, ‘‘Risk and the 
Selection of Alternative Weed Management 
Technologies in Philippine Upland Rice Produc- 
tion.” 

Abraham Ovediji Ogungbile, B.S. Western Illinois 
University, 1972; M.S. University of Missouri, 
1974; Ph.D. Iowa State University, '' An Evaluation 
of Improved Sole-Crop Production Technology on 
Small Farms in Northern Nigeria under Different 
Farm Power Sources: A Multi-period Linear Pro- 
gramming Approach." 

Tillak Persaud, B.S. University of Illinois; M.S. 
University of Idaho; Ph.D. Oklahoma State Uni- 
versity, ‘‘Decision Making Relating to Risk Man- 
agement Strategies in a Farm Planning Model.” 
James Alfred Petty, B.S. Abilene Christian College, 
1957; M.S. Texas Tech University, 1970; Ph.D. 
Texas A&M University, “прасі of Alternative 
Energy Prices, Tenure Arrangements and Irrigation 
Technologies on a Typical Texas High Plains Farm 
Firm." 

Peter W. Philips, B. A. Pomona College, 1970; M.A. 
1977, Ph.D. Stanford University, ‘‘Towards a His- 
torical Theory of Wage Structures: The Evolution 
of Wages in the California Canneries—1870 to the 
Present." 

Joel Plath, B.A. University of the Pacific, 1969; 
M.S. University of Arizona, 1975; Ph.D. University 
of Wisconsin, ‘‘Economics of Hog Production in 
Wisconsin, 1968-1977: A Farm Simulation Ap- 
proach.”’ 

Rafael Posada, Ph.D. Purdue University, ‘‘The Im- 
pact of the High Yielding Varieties on the Import 
Requirements of the LDC's: The Case of Wheat." 
Michael Robert Rahm, B.A. Loras College, 1975; 
M.S. 1978, Ph.D. Iowa State University, '' An Eco- 
nomic Analysis of the Corn Production Efficiency 
at Iowa Farm Firms.” 

Carlos Sevilla, B.A. University of Hawaii, 1970; 
M.A. 1972, Ph.D. Stanford University, ''A Mi- 
croeconomic Study of Corn Production in 
Guatemala." LE | 
Charles Cameron Short, В.А. 1971, M.S. 1976, 
University of British Columbia; Ph.D. Iowa State 
University, ‘‘Groundwater Mining in the Ogallala 
Aquifer in Relation to Rising Energy Prices and 
Agricultural Production." 

William D. Shurley, Ph.D. Purdue University, 
"Production, Marketing. and Storage Decisions 
under Risk for Cash-Grain and Crop-Hog Farms in 
West-Central Indiana." 

Evelyn C. Spears, B.S. Arizona State University, - 
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1970; M.S. Michigan State University, 1977; Ph.D. 
Texas A&M University, ''An Economic Model for 
Planning Combination Small Stock-Cattle Herd 
Development: An Application to Edwards Plateau, 
Texas." 

Kenneth Wayne Stockes, B.S. 1967, M.S. 1969, 
Texas Tech University; Ph.D. Texas A&M Univer- 
sity, "Economics of Alternative B2ef Genotypes 
and Cattle Management/Marketing Systems.” 
Thomas Steven Walter, B.S. Cornell University, 
1970; M.S. University of Florida, 1975; Ph.D. Stan- 
Zord University, ‘‘Decision Making ty Farmers and 
оу the National Agricultural Research Program on 
che Adoption and Development of Maize Varieties 
п Ei Salvador.” ` 

John Patrick Warren, B.S. Oklahoma State Univer- 
sity, 1969; M.S. 1974, Ph.D. Texas A&M Univer- 
sity, “Тһе Texas Bay Shrimp Industry: A Descrip- 
Чоп and Management Model.” 


Public Policy 


Joyce Elaine Allen, B.S. North Carolina Agricul- 
-ural and Technical University, 1973; M.S. North 
Carolina State University, 1976; Ph.D. University 
of Illinois, ‘An Analysis of the Food Stamp Pro- 
aram: Policy Decisions and Household Food Ex- 
>enditure Patterns." 

Zdinaldo Gomes Bastos, B.A., М.А. University of 
Federal de Pernambuco; Ph.D. Cornell University, 
‘Farming in the Brazilian Sertao: Social Organiza- 
tion and Economic Behavior.” 

Wu-Hsiung Chen, B.S. 1966, M.S. 1970, Chung- 
Hsing University; Ph.D. University cf Illinois, “Ап 
Economic Study on Government Rice Stock Opera- 
tion in Taiwan.”’ 

Albert Essel, B.S. University of Science and Tech- 
nology, 1973; Ph.D. Iowa State University, ''Esti- 
mated Impacts of a Land Set-Aside Policy on 
United States Agriculture in 1985: A Quadratic 
Programming Analysis.” 

г. R. Groenewegen, B.S. 1975, M.S. 1976, Univer- 
sity of Guelph; Ph.D. University of Minnesota, 
“Corn and Soybean Acreage and Yield Response 
with Emphasis on Multiple Product Production, 
Uncertainty, and Commodity Programs." 

Patricia Hutton, B.S.A. University of Manitoba, 
1974; M.A., Ph.D. University of Wiszonsin, ‘U.S. 
Dairy Policy: A Quantitative Analysis of the Post 
World War II Period." 

Duane L. Marquis, B.S., M.S. University of Ne- 
traska; Ph.D. Oklahoma State University, '' Value 
cf Improved Forecast Information from a Satel- 
- lite-Based Crop Information System ”’ 

Eric A. Monke, B.A. 1974, Williams College; Ph.D. 
Stanford University, ‘‘Government Policy and 
International Trade in Rice.” 

William Palmer Patton, B.A. 1975, M.A. 1976, 
Texas Tech University; Ph.D. Texas A&M Univer- 
sity, "The Impact of the 1977 Food and Agriculture 
Act on Cotton Production in the United States.” 
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Anne Margaret Thomson, B.A. Cambridge Univer- 
sity, England, 1972; Ph.D. Stanford University, 
* Nutrition, Food Demand and Policy.” 


Eegional, Rural and Community Development 


Syed Aljunid, B.A. University of Malaya, 1970; 
M.A. New York State University, 1972; Ph.D. 
University of Wisconsin, ‘апа Fragmentation 
and Share Tenancy; Some Issues in Malaysian 
Land Reform—With Particular Reference to Padi 
Farming in the Kemubu Irrigation Project in Kelan- 
tan." 

Jack W. Craven, B.A. University of Manitoba, 
1370; M.A. York University, 1972; Ph.D. Univer- 
sty of Manitoba, “The Role of Transportation in 
Fegional Development: Impacts on Industrial Lo- 
cation.” ) 

German Escobar, B.S. Santo Tomas University, 
1370; M.S. Cornell University, 1975; Ph.D. Oregon 
State University, ‘‘Prospects for Technical Change 
aad Family Nutrition Effects in the Caqueza Inte- 
gated Rural Development Project of Colombia: An 
Economic Evaluation under Risk.” 

John Gerweck, M.S. 1975, Ph.D. Pennsylvania 
State University, ‘‘Factors Affecting National 
Eealth Service Corps Retention.” 

Helen Н. Jensen, B.A. Carleton College 1968; M.S. 
L niversity of Minnesota 1974; Ph.D. University of 
Wisconsin, ‘‘Financing Health Care in Rural 
Areas." 

D. J. Leuck, B.S., M.S. Purdue University; Ph.D. 
University of Tennessee, “А Cross-Sectional and 
Time-Series Model of Multi-Industry Employment 
ir Rural Tennessee Counties." 

Barry Primm, B.A. Graceland College; M.S., 
Pa.D. Kansas State University, ''An L. P. Simula- 
tion Analysis of Agricultural and Rural Develop- 
ment of the Northwestern Kansas Counties of De- 
catur, Rawlins and.Sheridan.”’ 

Harjinder Sandhu, Ph.D. University of Massachu- 
setts, ‘‘ Valuation of Social Benefits of Planned De- 
velopment: An Application of Metropolitan Land- 
scape Planning Model.” 

Donald LeRoy Snyder, B.S. 1972, M.S. 1973, Uni- 
versity of Wyoming; Ph.D. Utah State University, 
“Ап Analysis of the Optimal Allocation of Output 
in a Regional Setting: A Theoretical and Empirical 
Approach.” 

S. Tun, B.S., Ph.D. University of Tennessee, ''An 
Empirical Selection of Counties and Centers that 
Reflect Potential for Further Growth in Nonmet- 
repolitan Areas in Tennessee." 


Research Methodology 


Eduardo S. Canlas, B.S. 1961, M.A. 1972, Xavier 
University, Philippines; Ph.D. Ohio State Univer- 
siy, “A Comparative Analysis of the L.P. and 
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Network Methodology in the Study of the U.S. 
Wheat Market.” 

G. L. Knowles, B.S. 1975, Ph.D. University of 
Minnesota, ''Estimating Utility of Gain Functions 
for Southwest Minnesota Farmers.” 

Ali Ahmed Rahuma, B.S. University of Tripoli, 
1974; M.S. 1977, Ph.D. Oregon State University, 
“Some Small Sample Properties Obtained by Simu- 
lation for a Squared Error Loss Estimator for Ridge 
Regression with Application to an Empirical 
Economic Model.” 

Timothy Gordon Taylor, B.A. University of Cin- 
cinnati; Ph.D. University of Florida, ''A Bio- 
Econometric Analysis of the Gulf of Mexico Com- 
mercial Reef Fish Fishery.” 

Thomas Steven Walter, B.S. Cornell University, 
1970; M.S. University of Florida, 1975; Ph.D. Stan- 
ford University, ‘‘Decision Making by Farmers and 
by the National Agricultural Research Program on 
the Adoption and Development of Maize Varieties 
in El Salvador." 


Sector and Subsector Analysis 


Michael Joseph Ellerbrock, B.S. Texas A&M Uni- 
versity, 1974; M.S. 1975, Ph.D. Clemson Univer- 
sity, "Prices and Pricing in the Hotel/Motel Indus- 
try in South Carolina: An Econometric Analysis." 
Henry Sessam Foster, Jr., B.S. U.S. Military 
Academy, 1966; M.S. 1977, Ph.D. Texas A&M 
University, "The Estimation and Use of a Qua- 
dratic Input-Output Model for Macroeconomic 
Analyses of the U.S. Economy.” 

Mohamoud Awaleh Gulaid, B.S. 1972, M.S. 1975 
University of Wyoming; Ph.D. University of Il- 
linois, ‘‘Economic Tradeoffs between Foodgrain 
and Banana Production in Somalia.” 

Dean Winston Hughes, B.S. Princeton University, 
1972; M.S. Purdue University, 1975; Ph.D. Texas 
A&M University, ‘‘A General Equilibrium Model 
of Agriculture as Part of the United States National 
Economy." 

J. Mandagi, M.S. 1976, Ph.D. University of Min- 
nesota, ‘‘A Simulation Model for Indonesia with 
Economic Projections and Regional Distribution of 
Growth from 1972 to 1985." 

Manuel Mondragon Manuel, Jr., B.S. 1962, M.S. 
1969, University of the Philippines, Los Banos; 
M.S. University of Hawaii, 1975; Ph.D. University 
of Idaho, ‘Ап Econometric Model to Measure the 
Impact of Expanding Irrigation in Southwestern 
Idaho.'' 

Clair Johnson Nixon, B.S. Brigham Young Univer- 
sity 1975; M.S. 1977, Ph.D. Texas A&M Univer- 
sity, "Measurement of Texas Livestock Capacity 
and Its Effect on the Texas Economy." 

Samih K. Staitieh, B.S. 1973, M.S. 1975, American 
University of Beirut; Ph.D. Washington State Uni- 
versity, "Economic Impacts of Changes in the 
Salmon-Steelhead Fishing Sector in the Pacific 
Northwest." 
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Socioeconomic Research 


John A. Mapes, B.S. Cornell University; M.S., 
Ph.D. University of Hawaii, ‘‘Simulated Income 
Distributional Impacts of Immigration: A Case 
Study of Hawaii." | 

Anthony Tadashi Nakazawa, A.B. University of 
Hawaii, 1971; M.A. University of California, Santa 
Barbara, 1974; Ph.D. University of California, 
Berkeley, 1979, **Consumer Preferences for Hous- 
ing by Tenure and Structure Type.” 

Bernard Daniel Pillet, B.A. ENSIA, France, 1965; 
M.S. Cornell University, 1967; Ph.D. Stanford 
University, ‘‘Fertility Changes in the Early De- 
cades of Rapid Socioeconomic Development: A 
Statistical Description of the Recent Mexican Ex- 
perience.” | 


Technological Change 


John Antle, B.A. Albion College, 1976; M.A., 
Ph.D. University of Chicago, ''Human Capital In- 
frastructure and Technology Choice in Agricultural 
Development." . 

Gustavo Arcia, B.S. 1974, M.S. 1975, University of 
Florida; Ph.D. University of Missouri, ‘‘Risk, In- 
stitutional Change and Technology Adoption for 
Low Income Farmers: An Analysis of New Bean 
Alternatives for the Southern Huila Region of Col- 
ombia, South America.”’ 

Ahmad Mahzdan Bin Ayob, B.S. Canterbury Uni- 
versity, New Zealand; M.S.A., Ph.D. University of 
Florida, ‘‘Choice of Technology in Rice Harvesting 
in the Muda Irrigation Scheme, Malaysia." 
Boonkerd Budhaka, B.S. Kasetsart University, 
1967; M.S. Iowa State University, 1975; Ph.D. 
Washington State University, ''Characteristics As- 
sociated with the Adoption of New Technologies in 
Thailand's Agriculture—A Discriminant Analysis." 
Glenn Samuel Collins, III, B.S. 1973, M.S. 1980, 
Oklahoma State University; Ph.D. Texas A&M 
University, “Ап Econometric Simulation Model 
for Evaluating Aggregate Economic Impacts of 
Technological Changes on Major U.S. Field 
Crops." 

Pradeep Ganguly, B.A. 1966, M.A. 1968, Univer- 
sity of Delhi; M. Phil. Jawaharlal Nehru University, 
1976; Ph.D. Clemson University, ''Social Rates of 
Return and Distributional Aspects of Tobacco Har- 
vest Mechanization in South Carolina.” 
Suparmoku, Drs. Gadja Mada; M.A. University of 
the Philippines; Ph.D. University of Hawaii, ‘Тһе 
Impact of Irrigation Rehabilitation on Cropping 
Pastures, Labor Use and Income Distribution in the 
Pekalen-Sampean System of East Java.” 


Trade 


Paciencia Castillo-Manuel, B.S. 1962, M.S. 1969, 
University of the Philippines at Los Banos; Ph.D. 
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University of Idaho, “А Spatial Equilibrium Analy- 
sis of the Impact of Cargo Preference in the World 
and U.S. Grain Trade." 

Robert George Chambers, B.S.F.S. Georgetown 
University, 1972; Ph.D. University of California, 
Berkeley, 1979, ‘‘An Econometric Investigation of 
the Effect of Exchange Rate and Monetary Fluctua- 
tion on U.S. Agriculture." 

Fathi El-Khadrawi, B. Commerce, Higher Institute 
of Commerce at Tanta; M.E., Ph.D. North Carolina 
State University, "Aggregation and Stability of 
U.S. Import Demand Function." 

C. M. Jolly, B.S. Tuskegee Institute; M.S. Auburn 
University; Ph.D. Louisiana State University, ''Se- 
lected Factors That Affect the Market for U.S. 
Rice.” 

Sheldon Kimmel, B.A. University o? California, San 
Diego, 1974; M.A. 1977, Ph.D. University of 
Chicago, ‘‘Quotas and Tariffs: The U.S. Sugar 
Problem.” 

Seon Lee, B.A. Seoul National University; M.B. 
University of Hawaii; Ph.D. Cornell University, 
‘‘Stabilization of World Primary Product Markets: 
An Application of Optimal Contro. Theory.” 
Charles E. Logsdon, B.A. 1971, M.A. 1975, Ph.D. 
Washington State University, ''Wheat Traffic De- 


Editor's Note: 


Amer. J. Agr. Econ. 


mand for the Columbia and Snake River Water- 
way." i 

Sahathavan Meyanathan, B.Ec. 1972, M.Ec. 1974, 
University of Malaya; Ph.D. Stanford University, 
"Evaluation of the Proposed Rubber Agreement 
under the Integrated Programme." 

Eric A. Monke, B.A. Williams College, 1974; Ph.D. 
Stanford University, ‘‘Government Policy and 
International Trade in Rice.” 

Daleen Diane Richmond, B.S. Kansas State Univer- 
sity; M.S., Ph.D. Cornell University, ‘‘An Export 
Commodity Marketing Computer Simulation 
Зате.” 

Dae Hee Song. M.Ec. North Carolina State Univer- 
sity; Ph.D. Pennsylvania State University, “Ап 
Economic Analysis of a World Wheat Cartel among 
Trading Countries." 


Other 


Joseph A. Musick, B.S. 1969, M.S. 1971, University 
of Arkansas; Ph.D. University of Missouri, ''Esti- 
mated Grain Transportation Supply and Demand 
Elasticities at Selected Gulf Ports." 


The ecitors apologize for the incorrect place- 
ment of the figures in Oscar Burt's article, 
“Farm Level Economics of Soil Conservation 
in the Palouse Area of Һе Northwest," in the 
February issue of the Journal. 

The correct placemeat and captions should 


be: 


Figure 3 should have been labeled figure 1, 
with the caption: ‘Decision rule with wheat at 
$3.20 per bushel (percent of land in wheat)" 

Figure 2 should have been labeled figure 3, 
with the caption: ‘‘Marginal values of organic 
matter with wheat at $3.20 per bushel” 

Figure 1 should have been labeled figure 2, 
with the caption: ‘‘Dec:sion rule with wheat at 


$3.20 per bushel” 
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Articles 


Effects of an Export Embargo on Related 
Goods: Logs and Lumber 


A. Clark Wiseman and Roger A. Sedjo 


This paper extends and applies the Marshallian derived demand model in the context of 
international trade. The model is utilized to derive estimates of the market equilibrium, 
net welfare, and welfare incidence effects of a hypothetical embargo of softwood log 
exports from the Pacific Coast region of the United States. The approach is potentially 
applicable to the analysis of various restrictions on primary products exports which may 
be instituted to maintain the viability of domestic processing industries. 


Key words: export embargo, forest products trade, trade policy. 


This paper estimates the efficiency and dis- 
tributional effects of a hypothetical total em- 
bargo of softwood log exports from the Pacific 
Coast region (Washington, Oregon, and Cali- 
fornia). The issue is of considerable practical 
interest: restrictions, including an embargo on 
logs produced on federal lands in the region, 
have been in effect for more than ten years, 
and congressional hearings (U.S. Congress) 
periodically examine additional restriction op- 
tions, including extending the scope of the 
embargo to logs from private lands. Discus- 
sions and analyses of the log export issue, 
including Haynes (1976) and Wiener, have 
yielded diverse opinions and estimates of pres- 
ent and potential effects, including conjecture 
on the extent of the ‘‘feedback’’ of increased 
foreign demand for processed domestic wood 
products resulting from foreclosure of the raw 
material source. In the following, limits to the 
extent of this potential feedback are identified 
and estimates of effects of log export prohiki- 
tion are made for two limiting cases. Price and 
output effects and incidence of welfare im- 
pacts upon affected groups within the Pacific 
Coast region (PCR) are estimated for the two 
cases. 

Paarlberg and Thompson have used a mul- 
tiproduct partial equilibrium model to analyze 
the effect of a tariff when goods are related. 
However, the relationships in their model con- 


The authors are, respectively, an associate professor of econom- 
ics, Gonzaga University, and Senior Fellow, Resources for the 
Future. 
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and Policy Program of Resources for the Future. 


sist of nonzero cross-price elasticities of de- 
mand, rather than relatedness in production. 
Dardis carried out an analysis of gains from 
trade using a model that included an interme- 
diate good and final product. The analysis did 
not employ an explicit derived demand model, 
and was limited to the small country (price 
taker) case. A small-country partial equilib- 
rium model was also employed by Bautista in 
a study of effects of exchange rate changes on 
prices of a primary good and a processed 
commodity using the primary good as an in- 
put. Bécause fixed stocks of the goods were 
assumed, supply side impacts were not in- 
cluded in the analysis. The forest economics 
literature recognizes that the demand for logs 
is derived from the demand for lumber; how- 
ever, an analysis that explicitly integrates the 
two markets is not available. Haynes, for ex- 
ample, deals only with the demand side of the 
markets and uses the ‘‘marketing margin” 
concept (Tomek and Robinson) as constitut- 
ing a stumpage-lumber price spread (Haynes 
1977). 

The theoretical basis for the present analy- 
sis is an extension of Marshall's derived de- 
mand model under fixed factor proportions. 
The approach allows the simultaneous treat- 
ment of the primary (log) market and the mar- 
ket for the final product (lumber) and provides 
a straightforward means of assuring that con- 
sistency is maintained between markets. The 
methodology developed may be useful for 
analyzing the implications of other restrictions 
ostensibly designed to promote processing in- 
dustries or to maintain low domestic final 
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product prices. The principal focus of this 
analysis is upon efficiency and distributional 
implications. The model is extended to include 
estrmates of the welfare incidence in terms of 
Macshallian surplus measures for three af- 
fected groups—owners of factors employed :n 
the primary good industry (log production), 
owners of factors in the value-added or pro- 
cessing industry, and purchasers of the final 
product (lumber). Also, because of U.S. 
dominance in world softwood log markets, tke 
апа ysis abandons the small country assump- 
tion of exogenous prices of both primary and 
fina. products. 

Ir. the next section, we briefly review cur- 
rent legal restrictions on U.S. log exports and 
describe the role of the Pacific Coast regioa 
(PCR) in log and lumber markets. Next, w2 
illustrate the basic model and the theoreticzl 
effects of a log export embargo, then discuss 
the empirical application of the model. And, 
finally, we give results and draw conclusions. 


Background 


Since 1974, the U.S. government has prohib- 
ited :he export of softwood logs from federally 
owned land (under U.S. Forest Service and 
Bureau of Land Management administration : 
west of the 100th meridian. Prior to that, from. 
1969 through 1973, the ban was partial, limit- 
ing log exports from federal lands to a maxi- 
mum of 350 million board feet per year. As 
with other countries having similar restric- 
tions, the basic intent of the legislation is tc 
maintain a low price of the basic raw material 
input into the forest products industries, апа, 
henc2, protect domestic processors from the 
cost-increasing effect of log export trade. 

The United States produces about 30% of 
the world’s softwood saw and veneer logs, and 
is its major exporter of softwood logs, ac- 
counting for almost 50% of world exports. 
U.S. exports come almost exclusively from 
the PCR, where in recent years annual log 
exports have been about 2,500 million board 
feet, ог 1596-2096 of total PCR softwood log 
production. Over 95% of the PCR log exports 
go to East Asia, primarily to Japan and Korea. 
Exports of logs from the PCR to other U.S. 
regions are negligible. . 

Although the United States produces about 
20% of the world’s softwood lumber, its gross 
exports constitute only about 8% of total 
world exports. Indeed, the United States is a 
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net importer of softwood lumber, its gross im- 
ports accounting for about 30% of the world's 
total. During the mid-1970s the PCR produced 
over 50% of the total U.S. production of. 
softwood lumber. Only about 5% (about 800 
million board feet in 1976) of the PCR lumber 
production was exported internationally. In 
1976, about 25% of international softwood 
lumber exports of the PCR went to Japan, 12% 
to Canada, and the remainder to various other 
countries including almost 40% to western 
European countries. In addition, net regional 
‘“‘exports’’ to other areas of the United States 
constituted about 3096 of the region's total 
lumber production. 

The U.S. log export controls appear to have 
been a reaction to the large and rapidly grow- 
ing volume of log exports to Japan, experi- 
enced in the 1960s. The percentage of the 
Washington and Oregon timber harvest going 
to Japan as logs rose every year between 1962 
and 1970, going from about 2% to 16% over. 
the period. The large growth in Japanese de- 
mand for wood resulted largely from a very 
high rate of economic growth in that country, 
accompanied by a prolonged housing boom. 
The tendency of the Japanese to rely heavily 
on log imports rather than on imported lum- 
ber reflected. Japan's comparative advantage 
in labor-intensive, wood-processing activities 
augmented by Japanese trade policies directed 
toward the protection of the processing indus- 
tries. In addition, the wide variety of specifica- 
tions and widespread customization of lumber 
required by traditional Japanese construction 
methods do not readily lend themselves to 
lumber having U.S. standardized specifica- 
tions. 


A Log/Lumber Trade Model 


In this analysis it is assumed that ordinates of 
the relevant supply and demand functions rep- 
resent the private and social marginal rates of 
transformation in production and consump- 
tion, respectively. Accordingly, the concep- 
tual model developed in this section will em- 
ploy long-run supply and demand functions in 
the assumed absence of technological exter- 
nalities. All estimates of elasticities used in 
empirical estimation in the next section are 
also long run, in order to avoid various short- 
run problems such as unemployment and ex- 
cess capacity, capacity constraints, and inven- 
tory changes. ‘‘Processing’’ is an input which, 
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together with the homogenous raw material 
input, logs, is used to produce the finished 
homogenous product, lumber. It is assumed 
that both the composite input ''processing" 
and the input ‘‘logs’’ are supplied by competi- 
tive industries subject to increasing costs, and 
that lumber production requires fixed propor- 
tions of the two inputs. 

Let l= a,L and r= aL, where l is quantity 
of logs, L is quantity of lumber, r is quantity of 
processing and the а; are input-output 
coefficients. For convenience, define an arbi- 
trary quantity Ly of lumber as a "unit," and 
the quantity a;Lo of the input as a ‘tunit’ of the 
input, so that a ‘‘unit of logs” and a “ипи of 
processing" are defined as the respective 
amounts of the inputs required to produce a 
unit of lumber. This procedure allows a con- 
venient diagrammatic representation of both 
the log and lumber markets simultaneously.! 

In figure 1, D, represents the PCR own- 
demand for lumber. Denote the ‘“‘rest of 
world’’ (ROW) effective demand function for 
PCR lumber (not shown in figure) as D;?. This 
excess demand of other regions is ''effective" 
in the sense of being net of transportation- 
related costs, tariffs, etc. Addition of Р,” to 
D, horizontally yields the function D, + Dj*, 
the total demand for PCR lumber.? Subtract- 
ing the processing supply function (not 
shown) vertically from D; + D, gives D, the 
demand for PCR logs given the existence of 
lumber trade. 

To illustrate, if the price of lumber is Р,, Poe 
units of PCR lumber are demanded, of which 
de is export demand. The supply price (cost) 
of the processing industry at output Pe is 
distance ve, so that at P; the demand price of 
the Pe units of logs demanded is Р, minus ve, 
or Rs. : 

The PCR supply function of logs is shown as 
S, in figure 1. The vertical addition to this of 
the processing supply function gives S,, the 
PCR supply curve of lumber given no log 
trade. Denote the ROW effective demand 
function for PCR logs as DE. Subtracting Р? 
horizontally from S, gives 5; — ру, the supply 


! Gardner notes (p. 407) that the derived demand model under 
fixed factor proportions can be analyzed by graphical methods. 
The presentation employed here will be entirely diagrammatical. 

? Were the region a net importer of lumber, the same basic 
derivation would apply, except that an ROW-effective lumber 
supply function would be subtracted from D; to obtain total de- 
mand for PCR lumber. 

3 To avoid unnecessary graphical complications, the analogous 
derived demand for logs given no lumber trade is not shown; 5; 
is depicted because of its relevance in the later analysis. 
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Units of Logs 


Units of Lumber 


Figure 1. Market equilibrium and effects of 
log export embargo for a region exporting both 
logs and lumber 


function of logs to the PCR, given the exis- 
tence of log trade.* Addition of the supply 
function of processing vertically to 5, — Dj" 
yields S’,, the PCR supply function of lumber, 
given trade in logs. 

An "''initial'" equilibrium where the PCR is 
an exporter of both logs and lumber is de- 
picted at prices P, and R,. At the equilibrium 
log price R,, production of logs is R,s. Of this, 
su is exported and R,u is processed in the PCR 
at cost ub; cb units of lumber are exported at 
price P,, and P,c consumed in PCR. 

The effects of a total log export embargo by 
the PCR are also shown in figure 1. Ás a limit- 
ing case, it is first assumed that the ROW 
demand function Р,? is not affected by log 
market changes. Later, a second limiting case 
is discussed which allows for feedback effects 
on the ROW lumber market resulting from the 
imposition of a log embargo. 


Effects of Log Export Embargo: No Feedback 
in Lumber Market 


In the case of no feedback of increased foreign 
demand for PCR lumber resulting from a log 


* Continuing the point of note 2, appropriate modification of the 
same model could depict the case of a log-importing region. 
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exoort embargo, the embargo would result in 
an equilibrium in the PCR log market at the 
po_nt v. All logs are processed at cost ve. As 
compared to the initial equilibrium, lumber 
exports increase to de units, and PCR con- 
sumption increases at the lower lumber price 
to Pd. The loss of economic rent to producers 
of logs is equal to the area R,svR;, and the gain 
in buyers’ surplus to buyers of PCR logs is 
RvR. This surplus consists of gains to both 
buyers and processors of PCR lumber. The 
area P,beP, is the consumers’ surplus gain to 
lumber buyers, and it can be shown that the 
difference between R,uvRs and P,beP, repre- 
sents the increase in producers’ surplus (rent) 
of the processing industry. Of the lumber con- 
sumers' surplus, P,cdP, is gain to PCR 
buyers, and the remaining area cbed is the gain 
of ROW buyers. 

In summary, if the ROW demand for PCR 
lumber is independent of log sales to the 
ROW, а log export embargo will reduce both 
the orice of logs and lumber in the PCR. Wel- 
fare losses in the region will exceed the wel- 
fare gains by the sum of the areas wvs and ched 
in figure 1. Distributionally, the prohibition 
would result in losses to log producers and 
gains to domestic processors and buyers of 
lumber. Some of the total gain to buyers will 
accrue outside the PCR. 


Effects of Log Export Embargo: Maximum 
Feecback in Lumber Market 


If there is interdependence between ROW log 
and ;umber markets, the effect of a log export 
ban would be an outward shift in D;F. The 
amount of the shift will determine the amount 
of the increase or decrease in lumber and log 
prices and will affect the magnitude ог welfare 
effects. The shift could result from increases 
in residual lumber demands in the nonwestern 
United States and Japan. That is, it could be 
caused by the direct influence of the increased 
demznd for PCR lumber by the former major 
log importer, Japan, or an increased demand 
for PCR lumber from other areas (primarily, 
the ron-PCR United States) whose former 
lumber supply from Canada is partially di- 
verted to Japan. 

The maximum increase in demand for PCR 
lumber that could occur as a result of a log 
export embargo would be an increase equal to 
the equivalent amount of logs formerly ex- 
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ported to ROW.5 This demand shift is shown 
in figure 1 by the function D; + D,?” through 
the point f, where bf — su. The equilibrium in 
this case is at prices P, for lumber, К; for logs, 
and processing price equal to distance wg. In 
comparison with the earlier limiting case of no 
feedback, the decline in log price is less, and 
lumber price rises rather than falls. 

The distributional impact in this case also 
may be analyzed, where again the comparison 
is with the initial situation. The loss to owners 
of resources employed in log production is 
R,swR3. The gain to owners of resources em- 
ployed in the processing industry is R,uwwR, 
plus P,bgP3.° These two areas represent, re- 
spectively, the gains to the processing indus- 
try from purchasing more logs at a lower price 
and from selling more lumber at a higher price. 
The loss to consumers in the PCR is P,chP3. 
The imposition of the log export ban in this 
case may result in a net welfare gain for the 
region, the net gain illustrated in figure 1 being 
hgbc minus usw.? 

The general theoretical results in the limit- 
ing cases may be summarized as follows. For 
any feasible theoretical feedback effect, the 
price and production of logs will fall, and own- 
ers of resources in log production will sustain 
losses. The reverse will be true for the pro- 
cessing industry which experiences gains in 
both limiting cases. Regional buyers will gain 
or lose, depending on the potential price- 
increasing impact of the feedback effect on 
lumber demand. The region as a whole may 
realize a net welfare gain or loss, depending 
upon the size of this feedback. 


Empirical Analysis 


Tabie 1 gives the estimated elasticities that 
were used in calculating market changes and 


5 This result can be demonstrated by a modification of the 
presert model representing the production, trade, and consump- 
tion equilibrium of a region, i.e., Japan, that is both a log and 
lumber importer. Foreclosing the region's supply of logs from 
PCR will shift the region's excess demand function for lumber 
horizontally ou-ward by the equivalent amount of logs formerly 
imported. Realistically, the shift in foreign demand facing each of 
the several lumber-exporting regions will be less than this total 
shift. The text takes as one limiting case (equivalent to the two- 
country case) that where the entire "feedback" effect of the 
embargo is upon the PCR. 

6 It can be shown that the segment bg is a portion of the 
processing supply function shifted vertically by the constant R,. 

7 A net domestic welfare increase as a result of intervention 
with free trade is a theoretical possibility when the intervention 
has a terms-of-trade effect, 
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Table 1. Elasticity Estimates Used in Cal- 
culating Effects of Log Export Embargo 





Base Alternative 

Function Elasticity Elasticity 
D, —.35 —1.00 
S, .44 1.00 
Sı 21 48 
DP —15.45 —9.19 
D, + DF —3.52 —40.00 
t — 1.09 —2.16 
Processing supply 4.23 5.50 





welfare effects resulting from an export ban. 
In addition to the base estimates, an alterna- 
tive was considered in order to examine the 
sensitivity of the results to different elasticity 
estimates. The base elasticities of D; and 5, 
are long-run estimates developed by the U.S. 
Forest Service (USFS) for its *"Timber As- 
sessment Model” (U.S. Forest Service Pacific 
Northwest Forest and Range Experiment Sta- 
tion). The alternative values of D; and S,— 
both unity—are based on Haynes' (1976, p. 7) 
summary statements regarding earlier esti- 
mates. It should be noted that the base esti- 
mates are derived from a more recent and 
comprehensive analysis than those underlying 
the alternative estimates. All other elasticities 
were calculated by utilizing the USFS esti- 
mates, constraints imposed by the model it- 
self, and other data on price and quantity rela- 
tionships.5 Because all but two of the func- 
tions in figure 1, D; and S,, are derived from 
others, even a limited knowledge of elas- 
ticities, along with market prices and quan- 
tities, allows calculation of required values of 
all other elasticities. 

For example, it can be shown that for a 
given level of output, 


[au un 
ES, ES, | 


where ES,, ES}, and ES, are elasticities of 
supply of processing, lumber, and logs, re- 
spectively, and o is value added of processing 
per unit of lumber. Therefore, an estimate of 
the value of two of the elasticities and the 
processing margin, o, is sufficient to yield an 


® Data sources were Bergvall, Bullington, Gee (1976); Haynes 
(1976); Howard and Hiserote; Ruderman; U.S. Bureau of the 
Census; U.S. Department of Agriculture. No extraneous estimate 
of the elasticity of D," is available. It was calculated on the 
assumption that ROW own-lumber demand and supply elasticities 
have the same values as those estimated for the PCR. 
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estimate of the other elasticity. A similar rela- 
tion holds on the demand side. 

It was not necessary to estimate the elas- 
ticity of S; — D,”. Under a log export em- 
bargo, equilibrium in the log market occurs at 
a point on 5, determined by lumber market 
conditions. The function 5, — DF together 
with S; theoretically determine the disposition 
of PCR log production between exports and 
domestic processing (points s and u in fig. 1). 
However, in the actual estimation, market 
price, production, and export data were 
utilized to obtain points s апан. 

The data base utilized in obtaining empirical 
estimates is from 1976, a year during which we 
assume the effect of the existing restrictions 
on log exports to be small. Accordingly, the 
data are assumed to reflect a regime free of 
effective log export restrictions. Actual data 
on prices and quantities and the information in 
table 1 are sufficient to generate consistent 
estimates of price and quantity changes for 
both logs and lumber, as well as welfare gains 
and losses to various groups in the limiting 
cases of maximum feedback effect and no 
feedback effect. Linear forms were assumed 
for all functions over the range of values ana- 
lyzed. Details of calculation are not elaborated 
here. 


Results and Conclusions 


Estimates of the market equilibrium effects 
are given in table 2 and the corresponding 
welfare effects in table 3. The predicted 
changes in lumber price in the two cases are 
quite small, both in an absolute sense and rela- 
tive to the log price changes. This result is 
interesting because the restrictionist argument 
is that the prohibition of log exports would 
result in a substantial reduction of lumber 
prices within the United States. Indeed, de- 
pending upon the degree of feedback, export 
restrictions actually may increase domestic 
lumber prices. In either case, domestic lumber 
sales would be affected only slightly. 

Notice that both limiting cases yield a net 
regional welfare loss. The owners of resources 
devoted to log output will experience substan- 
tial net losses, given any feasible feedback, 
while owners of resources engaged in process- 
ing will experience substantial net gains. The 
size of these gains is relatively insensitive to 
the degree of feedback. Since purchasers of 
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Table 2. Estimated Effects on PCR Log end Lumber Markets Resulting from Complete Log 
Export Embargo 














No Feedback of Foreign Maximum Possible Feedback 
Lumber Demand in PCR of Foreign Lumber Demand 
Lumber Market in PCR Lumber Market 
Percentage Absolute Percentage Absolute 
Change Change? Change Change? 
Base Estimate 
Log market : 
Price —12.0 — $22.80 —3.7 —$7.00 
Quantity | 
Production —4.0 —580 —1.2 —175 
Domestic sales +13.1 +1,620 +16.3 +2,012 
Exports — 100.0 —2,200 —100.0 —2,200 
Lumber market 
Price —3.7 — $7.70 +.4 +$.80 
Quantity i 
Production +13.1 +2,140 +16.3 +2,660 
Domestic sales +1.3 +170 —.2 —20 
Exports +57.5 +1,970 +92.4 +2,680 
Altzrnative Estimate 
Loz market 
Price —6.3 —$12.00 —3.1 ~ $5.90 
Quantity 
Production . —3.6 —520 -1.8 —260 
Domestic sales +13.5 +1,670 +15.7 +1,940 
Exports —100.0 —2,200 — 100.0 —2,200 
Lumber market . 
Frice -1.5 — $3.00 +.2 +$.50 
Quantity i i 
Production +13.5 —2,200 +15.7 +2,560 
Domestic sales +1.5 +190 -.1 -10 
Exports +58.7 +2,010 | +75.1 +2,570 





Notz: Basis of comparison is current regime of tariff and other trade bzrriers, but with no U.S. log export restrictions. The estimates 
reflect 1976 conditions and prices. 

? Quantity is millions of board feet for lumber and millions of voard feet log-scribner scale for logs. Price is dollars per thousand board 
feet of the respective scales. Lumber and log scales are not equivalent. 


Table 3. Estimated Annual Welfare Effects on PCR Market Participants Resulting from Com- 
plete Log Export Embargo (millions of dollars) 











No Feedback of Foreign Maximum Possible Feedback 
Lumber Demand in PCR of Foreign Lumber Demand 
Lumber Market . in PCR Lumber Market 
Base Estimate 
Owners of rescurces employed in PCR 
log producticn —209.8 —66.2 
processing logs to lumber +60.3 +76.2 
PCR purchasers of lumber +99.5 —10.9 
Ме! welfare gain to PCR —50.0 -.9 
Alternative Estimate 
Owners of resources employed in PCR 
log production —109.5 — 53.9 
processing lags to lumber +42.4 +57.8 
PCR purchasers of lumber +39.2 -5.9 
Net welfare gain to PCR | —27.9 -2.0 








Note: See table 2 note. 
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lumber may experience either gains or losses 
depending upon the feedback effect, the re- 
sults provide a dilemma for proponents of a 
restriction intended to maintain low lumber 
and regional housing prices. If an export ban 
results in a gain to regional lumber users 
(small feedback), there will be a substantial 
net welfare loss. On the other hand, if the 
regional resource misallocation cost is small, 
there is a loss to regional lumber users. Fi- 
nally, the findings indicate that the net welfare 
effect for the Pacific Coast region is directly 


related to the effect on the log production in- 


dustry and opposite to that experienced in the 
processing industry. 


[Received March 1980; revision accepted 
January 1981.] 
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Farm Size Evaluation in the El Paso 
Valley: A Survival/Success Approach 


James W. Richardson and Gary D. Condra 


Polizy makers and agricultural economists in the United States have long been interested 
in the effects of size cn farm survival and success. Most farm size studies to date have 
concentrated on economic efficiency and have failed to mcorporate the effects of 
uncertainty, time, income taxes, financial considerations, and variation in year-to-year 
net cash flows on the survival/success of different size ferms. A dynamic Monte-Carlo 
simvlation-programming model was developed and used to analyze the projected 
survival/success of four alternative farm sizes for the El Paso Valley. For farms in the El 
Pasce Valley, the projected chances of survival and success increase as farm size 
increases from 160 to 960 acres and/or beginning equity level increases from 25% to 


100%. 


Key words: farm size, farm survival, irrigation project, 160-acre limitation, 


simvlation-programming. 


Pol:cy makers and agricultural economists in 
the United States have long been interested in 
the effects of size on farm survival and suc- 
cess. However, the current controversy about 
enforcement of the 160-acre limitation of the 
Reclamation Act of 1902 stimulated new e> 
forts to identify and quantify these effects 
(e.g., Seckler and Young; Hall and LeVeen). 
This limitation would permit a farmer to own 
no more than 160 acres (320 acres with a 
spouse) of land irrigated from a Bureau cf 
Reclamation project. Many arguments have 
been presented for and against this limitation 
on farm size. However, it is not the purpose cf 
this paper to restate these arguments. Instead, 
itis to provide projections to the effects of siz2 
on farm survival and success. 

The El Paso Valley was selected for study 
because it would be affected by enforcement 
of the 160-acre limitation more than any other 
area in Texas. Approximately 100% of the 
farmland in this valley is irrigated with Bureau 
of Keclamation water supplied from the Rio 
Grande Project. This area, located in the far 
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western tip of Texas, receives less than 10 
inches of rainfall annually. Thus irrigation is 
required for production of all crops, princi- 
pally cotton, alfalfa, grain, pecans, and veget- 
ables. Ground water is available as a second- 
ary irrigation source. 


Methodology 


The need to incorporate uncertainty in studies 
of farm size has been pointed out by Heady 
(pp. 500-34), Olson, Raup (1969, 1978), and 
Madden and Partenheimer. Failure to account 
for uncertainty in farm size studies may cause 
the researcher to identify incorrectly the trye 
long-run average cost curve and the most 
efficient farm size. For example, if uncertainty 
increases across farm size, the long-run aver- 
age cost (LAC) curve will be shifted up and to 
the left, reducing the size of farm associated 
with minimum LAC. 

Olson and Raup (1969, 1978) noted that 
most farm size studies have been static, i.e., 
for a single time period. These static studies 
did not account for year-to-year management 
problems, such as increasing costs of inputs, 
changing land values, changes in productivity, 
variation in crop prices and yields, and chang- 
ing financial conditions. If these year-to-year 
factors increase the average total cost of pro- 
duction equally across all farm sizes, the same 
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size would be optimal in both static and dy- 
namic analyses. However, it seems unlikely 
that increased costs affect different size farms 
equally. 

The effects on farm size of income taxes, 
financial considerations (debt refinancing, 
interest received on cash reserves, etc.), and 
variation in year-to-year net cash flows, gen- 
erally have been ignored. Madden and Par- 
tenheimer, Raup (1969, 1978), and Olson sug- 
gested incorporating these factors because 
they influence the shape of the LAC curve. 
For example, existing income tax laws may 
provide added economies-of-size for farms 
large enough to qualify for special tax provi- 
sions. 

Raup (1969) also wrote that the primary 
question farm size studies should address is: 
What size of farm is most likely to survive? 
Because the relationship between economic 
success (or viability) of farms in a dynamic, 
uncertain environment and economic ef- 
ficiency in the static case has not been 
clearly established, farm management and pol- 
icy decisions based solely on short-run eco- 
nomic efficiency could result in farm sizes that 
are economically unsuccessful in the long run. 

One of the few farm size studies that has 
addressed the question of viability over a 
multiple-year planning period was done by 
Holland and Young. The economic viability of 
alternative farm sizes in the Columbia River 
Basin was evaluated using a deterministic 
model to simulate representative farms over a 
fifteen-year planning horizon. The simulation 
model computed annual after-tax net returns 
available for family living expenses. Costs and 
yields used in the model were based on rep- 
resentative management practices and current 
technology. Crop prices were held constant. 
Holland and Young evaluated the viability of 
various farm sizes at current and preproject 
land prices. In their study, (a) economic via- 
bility was used to address the question of op- 
timal farm size, (b) a dynamic simulation 
technique was employed, (c) the traditional 
economic accounting approach was compared 
to an after-tax cash flow approach, and (d) the 
importance of land prices on the viability of a 
farm was analyzed. Still, this analysis did not 
account for the uncertainty of agricultural 
production and marketing. In addition, the 
study did not consider financial aspects of 
operating a farm, such as refinancing debts 
during periods of low income, accelerated 
debt repayment, the receipt of interest on cash 
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reserves, and the effect of different beginning 
equity levels on a farm’s survival. 


Description of the Model 


The model used for this study incorporates 
uncertainty in production and marketing ac- 
tivities over time. This was accomplished with 
a dynamic farm simulation-linear programm- 
ing model. Several farm simulation models 
were available to analyze alternative farm 
sizes (e.g., Hardin, Held, Condra, and Hutton 
and Hinman). A modified version of the capi- 
tal investment simulation model developed by 
Hardin was selected because it can simulate 
the annual production, marketing, financial, 
and income tax activities of a farm over a 
multiple-year planning horizon. 

The programming-simulation model begins 
each year of the planning horizon by determin- 
ing the farm’s crop mix. A linear programming 
(LP) model is linked to the simulation model 
to permit the crop mix to change over time. 
The LP model maximizes the farm’s expected 
net returns above variable costs, subject to 
constraints reflecting acreage allotments for 
pima cotton and rotation patterns.! This pro- 
cedure has been used previously by Chien and 
Bradford and by Condra. Total variable pro- 
duction costs are calculated by multiplying 
variable costs of production per acre by 
planted acreages of the respective crops and 
summing over all crops. Crop prices and 
yields are drawn randomly from user-specified 
probability distributions. Total cash receipts 
are estimated as the product of harvested 
acreage, yield, and price summed over all crop 
enterprises. 

The simulation model depreciates from ma- 
chinery and depreciable items attached to the 
land (buildings, irrigation equipment, etc.), 
using either the straight-line or double- 
declining balance method. Farm machinery is 
replaced on a user-specified, replacement- 
purchase schedule with equipment loans ob- 


1 An adaptive expectations model was used to develop expected 
net returns per acre for the enterprises (Y,*). This approach has 
been shown by Fisher and Tanner to describe reasonably the 
process used by farmers to develop price and yield expectations. 
The basic model proposed by Nerlove is Y*, = Y*, , + a(Y%1 — 
Y*.4), where Y*,_, is the expected net return per acre in year t—1, 
Ү,_; is the actual net returns, and a is the coefficient of expecta- 
tions. It is assumed that the coefficient of expectations equals 0.5. 
Expected net returns are a geometrically weighted average of past 
net returns. By using 0.5 for a, the variance of net returns is 
equivalent to a three-year moving average of net returns (Hillier 
and Lieberman). 
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tained as needed. Other production expenses, 
fixed costs, and family cash withdrawals are 
cakculated each year based on the cost of these 
items in year 1 and their assumed annual infla- 
tioa rates of 7% to 8%. Interest and principal 
pavments for long-term and intermediate-term 
debts are based on the value of the original 
debt and a specified amoritization schedule. 
Income taxes for the farm operator are calcu- 
lated using schedule Y for married individuals 
filirg jointly. The income tax liability is ad- 
justed for eligible investment tax credits and 
tax on capital gain. 

Ending-year, after-tax, net cash income is 
calculated as total cash receipts less variable 
production costs, cash rents, fixed and other 
production expenses, principal and interest 
payments on outstanding debts, downpay- 
mer.ts for machinery purchases, income taxes, 
and family cash withdrawals. Net farm income 
and other output variables are calculated at 
the end of each year. If after-tax net cash 
income is negative, the model meets the cash 
flow deficit by drawing on the farm's cash 
reserve or by refinancing its assets. A farm is 
considered to be insolvent if it is unable to 
mee: annual net cash-flow deficits by borrow- 
ing against its equity in farmland and ma- 
chinzry. The creditworthiness of a farm is de- 
termined in each year of the ten-year planning 
horizon using the calculated ratio of equity to 
assets. If a farm has an equity ratio less than a 
user-specified minimum, it is declared insol- 
vent 

The ending-year value of owned farmland is 
calculated by inflating beginning-year land 
values by the annual inflation rate for farm- 
land. Ending-year liabilities are calculated as 
begir ning-year liabilities adjusted for principal 
payments, purchases of new farm machinery, 
and debt acquired from financing cash flow 
deficits. Ending-year cash reserves, liabilities, 
and assets are used as beginning-year values in 
the next year ofthe planning horizon. Thus the 
model is recursive. 

Since the simulation model is essentially a 
cash flow simulator, validation is much sim- 
pler taan if it were a behavorial model of farm 
growth. The model was validated by verifying 
each equation in the computer program for 
different deterministic runs. The LP model 
was validated independently and in conjunc- 
tion with the simulator to insure overall valid- 
ity. Tne average cropping patterns developed 
by the LP model were reviewed for realism by 
extension personnel and farm operators in the 
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El Paso area. Further analysis showed that the 
LP model exhibited increased variability of 
cropping patterns; however, there is no sig- 
nificant difference in farm survival between 
the LP crop mix and a crop mix held constant 
at the levels observed for representative area 
farms. 

Because the programming-simulation model 
replicates a multiple-year planning horizon a 
large number of times, it provides much in- 
formation on both an annual and a summary 
basis. On an annual basis, data necessary to 
calculate experimental probability density 
functions (PDFs) is generated for each en- 
dogenous variable—cash receipts, production 
costs, income taxes paid, interest paid, depre- 
ciation, ending-year net after-tax cash flows, 
total assets, total liabilities, net worth, equity 
ratio, and cropping patterns. The expected 
performance of various size farms can be 
compared for each year of the planning hori- 
zon using the PDFs for after-tax net cash 
flows and the equity ratio. | 

The madel also provides several summary 
statistics. One of the most useful is the 
cumulative probability distribution (CPD) 
showing the survival probability of a given 
farm. Survival is synonomous to solvency in 
this analysis. By comparing the CPD of survi- 
val for different farm sizes, one can determine 
which farm size has the best chance of surviv- 
ing for a given number of years. Because each 
year-ending financial situation is the beginning 
financial situation for the next year, the prob- 
ability of survival tends to decrease over the 
planning horizon. 

A second summary statistic is the net pre- 
sent value CPD. The CPDs for net present 
value can be compared across sizes to deter- 
mine which offers the highest probability of 
economic success. A farm was considered to 
be an economic success if it provided the 
owner a rate of return greater than or equal to 
the after-tax discount rate, i.e., a positive net 
present value. (An after-tax discount rate of 
7.5% was used based on annual interest rates 
in the area of 10% and a marginal tax rate of 
25%.) 


Application of the Model 


Four alternative farm sizes (160, 320, 640, and 
960 acres) were evaluated for the El Paso Val- 
ley. Data on representative irrigated farms 
were developed from both primary and sec- 


Richardson and Condra 


ondary sources. Information obtained from 
the Bureau of Reclamation and interviews 
with farmers was used to verify published val- 
ues for production costs, machinery comple- 
ments, average farmland values, and average 
crop prices and yields. 

Sensitivity of these results was tested by 
analyzing three alternative beginning equity 
levels (25%, 50%, and 100%) and three land 
tenure situations (full ownership, combined 
ownership-lease, and full lease). These begin- 
ning equity levels were selected to represent 
farms in three different situations: (a) begin- 
ning farmers with a minimum amount of equity 
(25%), (b) commercial farmers using debt 
financing to expand existing operations (50%), 
and (c) farmers with full equity choosing not 
to expand via debt financing (100%). The min- 
imum equity ratio for determining solvency 
was set at 20%. 

A ten-year planning horizon was simulated 
recursively 100 times for each situation to 
generate probabilities of success and survival. 
In each iteration, the LP model was used to 
select acreage levels for crops annually over 
the ten-year planning horizon. A separate LP 
tableau was developed for each farm size 
based on the farm’s available labor, croplard, 
operating capital, pima cotton allotment, and 
existing cropping patterns. Constraints on the 
cropping patterns reflected differences in 
equipment requirements and risk-bearing abil- 
ity as determined by farm survey data. Be- 
cause of high per acre production costs and 
price variability, noncontract vegetable (on- 
ions and lettuce) and alfalfa production was 
generally not observed on 160- and 320-acre 
farms. The primary difference in the LP tab- 
leaus from one farm size to the next was the 
mix of crops. All four farm sizes were allowed 
to grow cotton. Smaller farms (160- and 
320-acres) were not allowed to grow noncon- 
tract vegetables or alfalfa. The larger farms 
(640- and 960-acres) could grow alfalfa, and 
the 960-acre farms could grow up to 48 acres 
of noncontract vegetables. 

Constraining cropping patterns in this way 
narrows the question addressed by this study 
to some extent. It may be that significantly 
larger acreages of noncontract vegetables, pe- 
cans, and other high-value crops could be pro- 
duced. However, this would involve substan- 
tial changes in marketing conditions and 
facilities in this area. Therefore, this study 
does not assess the possible effects of a large- 
scale shift to higher-value crops upon the eco- 
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nomic survival and/or success of a given size 
farm. While this is a relevant question, it in- 
volves a change in market structure of 
sufficient magnitude to place it beyond the 
scope of this paper. : 

To incorporate production and marketing 
uncertainties, annual values for crop prices 
and yields and water allotments were drawn at 
random from empirical probability distribu- 
tions. Deviations from trend over the 1960—77 
period and mean crop prices and yields 
(trended at 7% and 1%, respectively) were 
used to develop these empirical probability 
distributions over the ten-year planning hori- 
zon. (This procedure was suggested by Lut- 
trell and Gilbert.) Stochastic prices and yields 
were appropriately correlated, based on their 
historical correlation coefficients.? Stochastic 
water allotments were used in the LP model to 
reflect availability of water from the irrigation 
project and to determine required pumpage of 
irrigation water. Target prices for cotton and 
small grains were used when stochastic prices 
were less than target prices. 

The average variable cost of production for 
each crop was developed from farmer inter- 
views and budgets prepared by the Texas Ag- 
ricultural Extension Service and the Depart- 
ment of Agricultural Economics at New 
Mexico State University.) Fixed ‘costs for 
each farm size (i.e., property taxes, Bureau of 
Reclamation water charges, legal and account- 
ing fees, and liability insurance) were devel- 
oped from farm interviews. Family living ex- 
penses were treated as a fixed, non-tax deduc- 
tible annual expense. While a constant family 
living expense may overstate cash with- 
drawals during periods of low cash flows, in- 
terviews indicated that farmers maintained 
about the same standard of living in recent 
years despite considerable variation in cash 
flows. An opportunity cost for owner-operator 
labor ($11,800 per year) and a standard man- 
agement fee ($20 per acre) were used to de- 


? Prices and yields were correlated by multiplying the square 
root of the correlation matrix for prices and yields by a vector of 
standard normal deviates. The product was transformed to a unit 
scale (0 to 1) by integrating the appropriate area under a standard 
normal distribution. These resulting velues were mapped into the 
appropriate empirical probability distributions for crop prices and 
yields using a table look-up function. This procedure has since 
been described and used by King (pp. 207-39). 

3 The interview results indicated that there was more variation 
in per acre variable costs within a given farm size than across farm 
sizes. This is consistent with earlier farm size studies reviewed by 
Olson and by Madden and Partenheimer. Therefore, the average 
variable costs of production across farm sizes were used as the 
variable cost of production for all four farm sizes. 
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ve_op the family living expense values for the 
different size farms. . 

Representative. farm machinery compie- 
ments for the four farm sizes were based on 
engineering data and interviews with farmers. 
Machinery was valued at existing costs for 
new machinery. It was assumed that a farm 
wo 1ld replace one-tenth of its farm machine-y 
each year, maintaining its initial complemeat 
over time. The assumed per acre machinery 
investments in year 1 were $575, $636, $58), 
and $544 for the 160-, 320-, 640-, and 960-acre 
farms, respectively. The 320-acre farm had tke 
highest per acre investment in machinery be- 
cause it is just large enough to justify ownirg 
sore equipment that a smaller farm would 
lease (e.g., a cotton picker) but not large 
enoigh to spread the investment to per acre 
levels observed for the 640-acre farm. 

Farmland value was assumed to appreciate 
at 10% annually, while the value of capital 
imp-ovements and new machinery was ir- 
creesed at 5% and 8% per year, respectively. 
Used equipment value was assumed to ir- 
crease at 4% per year. Average variable prc- 
duction, harvest, and fixed costs were as- 
sumed to increase at 8% per year. Family liv- 
ing expense was assumed to increase at 795 
per year to maintain the family's initial pur- 
chasing power. Crop prices and yields were 
assumed to increase at 7% and 1% per year, 
resp2ctively, over the planning horizon. 


Results 


Average cropping patterns for the ten-year pe- 
riod are shown in table 1 for each farm size 
These plans were generated by the L'P model 
Since variable production costs per acre were 
held constant across farm size for each crop. 


Table 1. 
and 960-Acre Farms, El Paso Valley, 1979—88 
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varmtions in proportional cropping patterns 
between farm sizes can be attributed to the 
following restrictions in the LP model: (a) al- 
falfz was not grown on the 160- and 320-acre 
farms because of machinery requirements and 
(b) noncontract vegetables were grown on 
only the 960-acre farm. While these assump- 
tions are consistent with practices in the area 
and sound farm planning principles, it should 
be recognized that these cropping patterns are 
not 1ormative in the traditional LP sense. 

The results from this study, presented in the 
following tables, are arranged by farm size, 
beginning equity ratio, and tenure situation. 
Farm size refers to total acres farmed. Begin- 
ning equity ratio is designated by a Roman 
numeral, where I signifies 5096 beginning 
equity and II signifies 100% beginning equity. 
Tentre situation is represented by letters: A 
signiies 320 acres of land cash-leased with the 
remainder owned; B signifies all owned land. 
For 2xample, I-A represents a farmer with 
50% beginning equity, 320 acres cash-leased, 
and һе remainder of the land fully owned. 
With the 640-acre farm, the owned acreage is 
320 acres and 320 acres are cash-leased. 

Ths 25% beginning equity level and total 
cash lease situations were analyzed, but the 
resuls are not presented because neither situ- 
ation provided a significant chance of survival. 
With only 25% beginning equity, the farms 
were over-leveraged. With straight cash-lease 
farms, appreciation in land value was not 
availzble to the operator to improve his credit 
capacity over time. Insolvencies in these situ- 
ation: generally occurred before the fifth year 
in the planning horizon because annual net 
cash low deficits greatly exceeded the farm's 
capacity to refinance them. 

The projected chance of survival (i.e., re- 
mainiag solvent) over the next ten-year period 


Average Simulated Harvested Acreages for Crops on Representative 160-, 320-, 640-, 





Farm Upland Pima Grain Red Fall Fall 
Size Cotton Cotton Alfalfa Earley Sorgaum Chile Onions Lecttuce 
а (Harves:ed Асгеѕ!:--- - -––--– -- mMM M MM m M M M e 
(Acres) 
160 52.7 56.5 0.0 12.2 15.4 7.2 0.0 0.0 
320 105.4 113.1 0.0 24.4 30.7 14.4 0.0 0.0 
640 198.1 181.2 57.6 49.4 60.9 28.8 0.0 0.0 
960 288.3 272.4 216.0 2.4 2.7 43.2 32.0 7.0 





Note: Mo significant trend was observed in the annual mean values over the ten-year planning horizon. 
4 To aczount for nontillable acres, the sum of harvested acres is equal to 9С% of total acres. 
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Table 2. Projected Chance of Survival for 
Various Size Farms under Alternative Begin- 
ning Equity and Land-Ownership Situations, El 
Paso Valley, 1979-88 


Chance of Survival 








]-A* В» П-А° U-B? 
Farm size -------------- (%)--—------------- 
(Acres) 
160 1 100 
320 14 100 
640 5 88 100 100 
960 90 100 100 100 





Note: Survival is defined as having an equity ratio greater than 
20%. 


a 50% beginning equity, 320 acres cash-leased, remainder owned. 
> 50% beginning equity, all owned land. 

* 100% beginning equity, 320 acres cash-leased, remainder owned. 
4 100% beginning equity, all owned land. 


is shown in table 2 for the selected sizes of 
farms under alternative situations in the El 
Paso Valley. The 160- and 320-acre farms had 
a 100% chance of survival under situation 
II-B. However, in the 50% beginning equity 
situation (1-В), the chance of survival was pro- 
jected to be very low. The 640-acre farm had a 
relatively high chance of survival under all 
situations except the 5096 beginning equity 
with combined ownership and cash land lease 
(I-A). The 960-acre farm had a relatively high 
chance of survival under all four situations. 

For a given beginning equity ratio and own- 
ership situation, the chance of survival gener- 
ally increased with farm size. The chance of 
survival also increased directly with the be- 
ginning equity ratio for a given farm size and 
ownership situation. This is because farms 
with a high beginning equity ratio have greater 
capacity to refinance net cash flow deficits dur- 
ing bad years. In addition, larger farms ben- 
efited more from appreciation in farmland 
values than smaller farms. This provided a 
relatively high proportion of the net worth in- 
crease over the ten-year period. 

The projected chance of survival for a given 
number of years is shown in table 3. These 
results show that the 160-acre farm with 50% 
beginning equity (I-B) had only an 1896 proba- 
bility of surviving for five years. The 320-acre 
farm (I-B) had a much higher probability of 
surviving for five years, but only a 27% greater 
probability of surviving for seven years. The 
640-acre farm combining ownership with lease 
of land and 50% beginning equity (I-A) had a 
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Table 3. The Projected Chance of Survival 
for Various Size Farms under Alternative Be- 
ginning Equity and Land-Ownership Situa- 
tions, El Paso Valley, 1979-88 


Chance of Survival 











Situation I-A? Situation I-B^ 

640 960 160 320 640 960 

Acres Acres Acres Acres Acres Acres 

Years .------.---.---- (95) ---------------- 
3 59 100 100 100 100 100 
4 42 95 57 93 100 100 
5 25 92 18 71 99 100 
6 17 92 17 53 98 100 
7 l4 92 5 32 96 100 
8 9 91 2 20 94 100 
9 6 90 1 17 90 100 
10 5 90 ] 14 88 100 





Note: Survival is defined as having an equity ratio greater than 
20%. 

a 50% beginning equity, 320 acres cash-leased, remainder owned. 
> 50% beginning equity, all owned land. 


survival pattern very similar to the 160-acre 
farm (I-B); but, when full ownership of land 
was considered (640-acres, J-B), the chances 
of survival for a given number of years re- 
mained high. In fact, the 640-acre farm (I-B) 
which survived for six years had only about a 
10% probability of failure in the last four years 
of the period. 

Table 4 shows the chance of success (i.e., a 
net present value greater than or equal to zero) 
for the selected farm sizes and situations. No 
significant chance of success was projected for 


Table 4. The Projected Chance of Success for 
Various Size Farms under Alternative Begin- 
ning Equity and Land Ownership Situations, El 
Paso Valley, 1979-88 


Chance of Success 








LA? I-B^ II-A* II-B! 
Farm size ~-_.__--.--_._ (%) sa awe Sse ыы 
(acres) 
160 0 0 
320 0 6 
640 0 0 11 80 
960 14 44 94 100 





Note: Success is defined as having a new present value greater 
than or equal to zero. 

а 50% beginning equity, 320 acres cash-leased, remainder owned. 
^ 50% beginning equity, all owned land. 

* 10076 beginning equity, 320 acres cash-leased, remainder owned. 
* 10095 beginning equity, all owned land. 
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the 160- and 320-асге farms under any situa- 
tion. The 640-acre farm had a significant 
chance of success in only one case, 100% »e- 
ginning equity and ownership of all the farm- 
land (II-B). The 960-acre farm had a hgh 
chance of success under the 100% equity situ- 
ation; however, the chance of success was less 
than 5096 for both situations with lower begin- 
ning equities (I-A and I-B). As in the case of 
survival, the chance of success increased di- 
rectly with farm size and beginning equity -a- 
tio. 

These results seem to support the hypott e- 
sis that larger farms in the El Paso Valley are 
more economically viable. However, the m- 
creased chance of survival and success does 
not depend on the operational characteristics 
of larger versus smaller farms. Instead, the 
larger farms had (a) lower management ccst 
per acre and (b; a larger land asset base :o 
appreciate over time. 

The relationship between tenure situations 
(full ownership versus owner-cash lease) and 
the chance of survival and success is less соп- 
sistent than that with farm size and beginning 
equity. The comparison of tenure situations 
can be made (a) between the same size farms 
with different tenure situations, or (b) be- 
tween farms with the same owned acreage. 
The first comparison for a 640-acre farm with 
50% beginning equity (640 acres, I-B versus 
640 acres I-A) indicates that going from full 
owrership tc an owner-cash lease situation 
decreased the chance of survival from 88% to 
5% (table 2). However, the second compar.- 
son for a farm with 640 acres owned and a 
beginning equity of 5096 (640 acres, I-B versus 
960 acres, I-A) indicated that the owner-casa 
lease tenure situation increased the chance cf 
survival from 88% to 90%. This inconsistenc: 
for tenure situations also exists for chances of 
success (table 4). Therefore, it can be said 
only that for г given size of farm, the chance; 
of survival and success are higher if all the 
land is owned. Analysis revealed that land 
value appreciation played a major role in pro- 
vidirg increased net worth which, in turn 
stror.gly increased the chance of survival. The 
cash lessee received no benefit from increasec 
land values, whereas the land owner receivec 
a benefit in increased borrowing capacity. 


Conclusions and Implications 


First. there is a well-defined, direct relation- 
ship between farm size and/or beginning 
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equity level and the chances of survival and 
success for farms in the El Paso Valley. This 
relationship is consistent throughout the re- 
sults, covering a range of farm sizes from 160 
acres to 960 acres. The results also suggest 
that :his relationship probably extends beyond 
the 960-acre farm size. 

Tke second major conclusion is that a 
straight cash-lease farm operation has little 
chanze of survival and success. Cash-lease as 
a traditional growth strategy for young farmers 
does not appear to hold great promise in the El 
Paso Valley. The results show that a farmer 
needs to have at least 5076 beginning equity in 
640 acres of owned land before cash lease of 
320 acres can be expected to improve the 
chance of survival and success. 

The third conclusion is that the minimum 
size and beginning equity situation that will 
provide a reasonable chance of survival and 
success in the El Paso Valley for the next ten 
years is 10096 beginning equity in 640 acres of 
owned farmland. ‘‘Reasonable chance” in this 
case is а 50-50 or greater chance of achieving 
both objectives, survival and success. This is 
not tc say that a smaller farm and/or a lower 
beginning equity level cannot survive or suc- 
ceed. However, a farm with less than the min- 
imum situation (640 acres owned with 10096 
beginning equity) likely will not survive the 
next ten vears. If it survives, its financial situa- 
tion probably will deteriorate over that period. 
In this setting, the farmer will not replace 
worn-out equipment or practice conservation 
practices requiring capital investment. He will 
simple deplete his equity. This farm likely will 
not generate the required capital for growth. 
In the zontext of this study, growth to a larger 
size o1 a sizable beginning equity level is the 
onlv way to achieve a reasonable chance of 
success. 

The capital requirement for a fully owned 
640-acre farm, with 10076 equity was assumed 
to be 51,651,000. Given that this is the net 
worth -he farmer must start with to achieve a 
reasonable chance of survival and success, it 
is hard to see how young people will be able to 
enter farming in the El Paso Valley. 

Much of the current interest in minimum 
viable farm size comes from the 160-acre lim- 
itation controversy. These results suggest that 
the minimum viable size for a commercial 
farm ir the El Paso Valley is 640 acres or 
larger. If this is true, limiting acreage to less 
than 64) acres probably would not accomplish 
the polcy objective of encouraging smaller, 
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family-owned farms. Instead, it would restrict 
farms to sizes which have little chance of sur- 
vival and economic success, unless major 
changes occur in the Valley’s production pat- 
terns. 

Hall and LeVeen have argued that restrict- 
ing the size of farms to a smaller than an eco- 
nomically viable size would result in reduced 
land values which, in turn, would restore eco- 
nomically viable agricultural production at a 
smaller size. Maybe such a process would 
occur in the El Paso Valley. However, it 
seems more likely that the long-run effects 
would be to increase the cost of holding land 
for suburban development and thus hasten the 
conversion of land to nonagricultural uses. 

The major policy implication o7 this study is 
that enforcement of the existing 160-acre lim- 
itation in the El Paso Valley would restrict 
farms to a nonviable size. However, enforce- 
ment of the acreage limitation currently being 
considered by Congress, 960 acres per farming 
unit, would not be a barrier to the develop- 
ment of economically viable size farms in the 
Valley. While the results of this study may not 
be readily transferrable to other Bureau of Re- 
clamation projects, the methodology can be 
used to determine the minimum viable farm 
size for other irrigation districts in the West. 


[Received June 1980; revisior accepted 
March 1981.] 
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Return Flow Control Policy and Income 
Distribution among Irrigators 


Daniel J. Dudek and Gerald L. Horner 


Income distributional impacts and irrigation return flows resulting from the 
implementation of alternative water quality policies were projected for the Western San 
Joaquin Subbasin from a recursive simulation of an integrated physical-ezonomic 
analytical system. The imposition of a water management policy to increase irrigation 
efficiency resulted in an improved income distribution with a slight decline in average 
firm income. Salt load and concentrations were reduced by 80%. A policy of increased 
surface water costs worsened income distribution and decreased average firm income by 
34%. Total salt load decreased by 35%, but the concentration in return flows was only 


slightly decreased. 


Key words: income distribution, irrigation return flows, salinity, water management, 


water pricing. 


While economics is concerned with economic 
well-being as described in terms of both 
efficiency and equity, public and academic 
economists seem preoccupied with the ef- 
ficiency criterion in policy analysis, particu- 
larly with respect to natural resources. 
Explicit attention to equity or the distribu- 
tioral impacts of policy have been subsumed 
in the estimation of aggregate benefits and 
costs irrespective of distribution. While it is 
true that distributional analysis is hampered 
by a lack of precision in the specification of 
equity criteria, we argue that such analysis 
should occupy a more critical role in policy 
evaluation. In particular, distributional analy- 
sis, whether of income or wealth, is a com- 
prehensive socioeconomic evaluation of pub- 
lic policy that delineates who benefits and who 
pays. Such analysis has implications as well 
for the need for and design of compensating 
programs such as cost sharing. Distributional 


Daniel J. Dudek and Gerald L. Horner are agricultural economists 
with the Natural Resource Economics Division, Economics and 
Statistics Service, U.S. Department of Agriculture, stationed at 
the University of California-Davis. 

Giznnini Foundation Paper 622. Research was supported by the 
Robe-t S. Kerr Environmental Research Laboratory, Office of 
Reseerch and Development, U.S. Environmentai Protection 
Agency, Ada, Oklahoma, Arthur G. Hornsby, Project Officer, 
under EPA-IGA D701084. 

Thz authors wish to acknowlwdge the stimulus of Harry Ayers 
and Robert McKusick to conduct this research. They also are 
indetted to James Cothern and three anonymous reviewers for 
their suggestions and comments; however, all remaining errors or 
omissions are the authors' responsibility. 


analysis also may indicate the existence of 
synergistic and/or antagonistic effects be- 
tween proposed and operating policies and 
programs. Recognizing the crucial policy role 
such analysis may occupy, it is our intent to 
demonstrate its significance in an empirical 
context. Thus, this paper reports the income 
distributional impacts within a San Joaquin 
Valley irrigation district from the implementa- 
tion of two alternative water quality policies to 
manage irrigation return flows. 

Seyeral empirical approaches can be applied 
in assessing the distributional impacts of 
natural resource policy. The basic underlying 
contention is that the institutional environ- 
ment defining property rights in resources and 
public policy directed toward those resources 
affects the distribution of income. Distribu- 
tional effects, whether resulting from the di- 
rect application of economic incentives in the 
form of taxes or subsidies or resulting indi- 
rectly from restrictions on resource supply or 
use, may be represented by a single index 
number such as the Gini coefficient (Hansen 
and Schwartz), as net impacts upon classified 
groups (Collins), or as an estimated function 
for the Lorenz curve itself. Each of these ap- 
proaches has merit. In this analysis, both the 
Gini coefficient and gross impact by income 
group are used to represent the income dis- 
tribution resulting from each alternative pol- 
icy. Despite the fact that a unique correspon- 
dence between Gini coefficients and income 
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distributions does not exist, they are useful 
comparative summary measures of distribu- 
tional impacts. 

The Federal Water Pollution Control Act 
Amendments of 1972 (PL 92-500) outline 
broad water quality goals for the nation and 
establish mandates for each state to control 
point and nonpoint sources of pollution from 
all man-made activities. Pollution from irriga- 
tion return flows was originally classified as a 
point source and thus subject to the National 
Pollution Disposal Elimination Svstem Permit 
Program. However, in 1977 the Clean Water 
Act (PL 95-217) reclassified irrigation return 
flows as a nonpoint source and, as such, sub- 
ject to the procedures outlined in Section 208 
of PL 92-500. Section 208 requires that non- 
point sources of pollution be identified and 
that procedures for control be specified as 
"Best Management Practices" (BMP). The 
specification of BMPs and a schedule for im- 
plementation are to be a part of the Areawide 
Waste Treatment Management Plans which 
must be submitted to the Environmental Pro- 
tection Agency (EPA). Sectior 303 of PL 
92-500 requires that the state adopt a continu- 
ing planning process that is consistent with all 
provisions of the Act. This process is designed 
to insure that the initial plan formulated under 
Section 208 remains effective under changing 
economic and environmental conditions. In 
addition to its planning responsibility, each 
state must prepare an estimate of (a) the envi- 
ronmental impact, (b) the economic and social 
costs necessary to achieve the objectives of 
the act, and (c) the economic and social ben- 
efits. 

Determining the distribution of benefits and 
costs by socioeconomic or geographic group 
resulting from specific BMPs is an important 
criterion in evaluating a Section 208 plan. Two 
policies that could be specified as BMPs to 
reduce irrigation return flows in the San Joa- 
quin Valley were evaluated for changes in 
water quality and income distribution. These 
policies are (a) to increase the price of irriga- 
tion water supplied from surface develop- 
ments and (5) to alter water management prac- 
tices so as to attain a targeted 30% efficiency 
increase. These policies were evaluated by 
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melons are the principal crops grown on the 
145,000 irrigated acres comprising the District. 
Farmers in the district used an average of 3.82 
acre-feet of irrigation water per acre in 1976. 
Water costs to the farmer included a fixed 
assessment of $2.15 per irrigated acre and a 
variable charge of $2.50 per acre-foot of water 
delivered. Approximately 15% of the Dis- 
trict’s water supply is groundwater. Surface 
and subsurface irrigation return flows are col- 
lected and disposed in the San Joaquin River. 


Methodology 


The alternative water quality policies were 
evaluated with the integrated land and water 
resource analytical system presented in figure 
1. Specific policy impacts were estimated in 
the water quality subsystem. Its principal 
analytical components consist of two location- 
specific models sequentially linked to simulate 
spatial and temporal changes in agricultural 
production and water quality. Each model 
contains 126 subregions encompassing 2.78 
million acres in the San Joaquin Subbasin. 
These subregions were defined such that the 
soils comprising each are homogenous with 
respect to yield characteristics, response to 
fertilizer, management, and land treatment 
measures. These subregions range in size from 
1,498 to 78,711 acres, with a mean size of 
22,081 acres. 


Production Model 


The linear programming model derives opti- 
mal cropping patterns, water, and fertilizer 
use for each subregion or cell. The specifica- 
tion of alternative cultural practices for each 
cell allows the estimation of spatial and tem- 
poral changes in agricultural production and 
return flows as a result of changes in policies. 
The model is segmented into regional ac- 
tivities and cell-specific (subregional) ac- 
tivities. Regional activities include crop pro- 
duction and commodity marketing. These ac- 
tivities are aggregate since sufficient differ- 
ences do not exist in either market prices or 
production costs (other than irrigation and 
and CO 2 е О DE 1d arca. 
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Figure 1. Integrated land use, water resource and water quality analytical system 


use produced under alternative land use and 
water quality policies. Crop rotatiors for each 
ind: vidual cell are specified according to actual 
cropping patterns. Drainage costs are reflected 
in the objective function as determined by the 
physical model. Cropping patterns can be 
changed as a result of price changes or they 
could be mandated as land use or waier quality 
policies. Land conversions from idle to peren- 
nial or nonperennial crops can occur if suffi- 
cient water supplies are available. 

Crop evapotranspiration (ET) is s»ecified in 
order to isolate water requirements f-om water 
application efficiencies. Research is currently 
being conducted to determine the effects of 
reducing ET requirements by stressing plants 
dur-ng noncritical stages of growth. Alterna- 
tive water application technologies available 
within the production model include furrow 
and sprinkler systems that are both scheduled 
and nonscheduled. Water applicetion effi- 
ciency and surface runoff are estimated for 
eaca technique to account for the total amount 
of water diverted for irrigation. The possibility 


of subsidizing more efficient water application 
techniques has been considered as a BMP to 
redtce irrigation return flows. Sources of 
water include surface diversions and wells 
pumping primarily from the confined aquifer. 
Levying a pump tax or increasing surface 
water prices to reduce water use is possible. 
Surface runoff or tailwater can either be cap- 
tured and reused or disposed of in surface 
watercourses. Effluent charges on surface dis- 
posel or ће subsidization of tailwater recycle 
systems could be implemented to reduce re- 
turn flows. Crop nitrogen requirements and 
alternative application techniques are included 
as well. Solutions to the LP model are con- 
strained by water supply, processing capacity, 
crop rotation requirements, and the amount of 
irrigable land. 


Physical Model 


Results from the LP model serve as data in- 
puts to the other location-specific model which 
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describes the response of the physical envi- 
ronment. This physical model is partitioned 
into two interdependent submodels that ana- 
lyze the hydrology and salinity balances of the 
soil profile on the same spatial and temporal 
basis as the LP. These submodels estimate the 
effects of irrigation water and fertilizer use on 
water table depths and the quantity and qual- 
ity of irrigation return flows. 

The hydrology model generates predictions 
of the rates of deep percolation through the 
soil, subsurface drainage, rates of ground- 
water flow among cells, and the movement of 
the water table in the unconfined aquifer. The 
soil type, depth of water table, ground surface 
elevation, and the depth of the impermeable 
layer are assumed homogenous throughout 
each cell. In each cell, the annual rate of deep 
percolation in time t is computed as a function 
of water inputs and outputs at the surface. 
Therefore, 


(1) DP ip = ёк(Чы, Ry; ЕТы, RO), 


where DP,, is deep percolation; Iy, irrigation 
applications; Ryes, rainfall; ET,,, evapotranspi- 
‘ration; and RO,,, surface runoff, all in cell k. 

In those cells in which the water table is 
within 5 feet of the surface, a drainage system 
is assumed to be installed only if it is deter- 
mined in the LP model as economically feasi- 
ble. In a cell where a drainage system has been 
installed, the rate of drainage is computed 
from the rate of deep percolation and the 
movement of the water table. The change in 
the water table depth between time periods is 
defined by 


(2) Aes: = Hie + 5(DP ues Py, > Ез), 
j 


where Hy: is water table depth in cell k, P: is 
water pumped from cell k, and Ру, is ground- 
water movement from (to) cell to (from) cell 
k. 

The groundwater flow between cells is cal- 
culated according to Darcy’s Law, in which 
spatial and temporal averages of water table 
depths are used to arrive at an average hydrau- 
lic gradient between cells. A spatial average is 
used as a coefficient of permeability of the 
cells. The area through which the flow moves 
is equal to the product of the length of the 
common boundary and the time-averaged 
depth of the saturated zones. One equation of 
the form of equation (2) is written for each cell 
resulting in n equations for n cells in n un- 
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knowns, i.e., the final water table depth for 
each cell. This system of equations is then 
solved through Gaussian elimination. 

One of the quality changes taking place in 
the soil moisture is increased total dissolved 
solids (TDS) concentrations due to evapo- 
transpiration and chemical processes in the 
soil. Salt pickup in an irrigated soil is primarily 
a function of the chemical composition of the 
soil and applied water and the leaching frac- 
tion (Rhoades et al.). Analysis of the total 
annual salt load carried by subsurface drains 
in the area implied that the total annual salt 
load per acre in tile drains is related to the total 
volume of water carried by the drain. It was 
therefore assumed that the annual rate of salt 
pickup for each cell can be approximated by 
the expression, 


(3) SLi = SL + с(рРы, Ont}; 


where SL, is amount of salt in the leaching 
water, and О, is quality of irrigation water 
applied. These functional relationships were 
estimated for various qualities of irrigation 
water using a model developed at the U.S. 
Salinity Laboratory at Riverside, California 
(Rhoades et al.). 

A weighted average of the salinity concen- 
tration of groundwater within a cell is used to 
estimate the quality of water pumped from 
drainage sumps and wells within the cell and 
the quality of water moving outward across 
the boundaries of the cell. This assumes, in 
effect, that all strata contribute proportionate 
shares to flows from the aquifer. Although 
wells generally will draw water from some 
strata more than others, it would have been 
impractical either tc differentiate between the 
various strata in every cell or to determine the 
characteristics of every well in the study area. 
In addition, the gravel-pack wells used in the 
area result in some mixing between strata. 

The quality of surface runoff was assumed 
to be the same as the quality of applied water. 
This approximation was supported by data ob- 
served for various locations in the valley. The 
salinity submodel estimates the quality of deep 


percolation as it moves through the unsatu- 


rated zone. Water entering subsurface drains 
was assumed to have the same quality as that 
of percolation water, at a depth of 6 feet. 
Solutions from the models are estimated an- 
nually to simulate adjustments derived from 
policy changes affecting irrigated agricultural 
practices. Thus, the analytical system is suf- 
ficiently comprehensive to evaluate alterna- 
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tive resource use policies in terms of their 
economic and environmental impacts. It is 
structured so as to provide a spatiz] and tem- 
poral dimension for all parameters. Clearly the 
distribution of resource problems th-ough time 
and space is a significant determinant of re- 
sotrce policy. In addition, the linkage of 
micro and macro characterizations cf resource 
use among the component models of the 
analytical system allows broader implications 
to be drawn about the nature of demands for 
land and water resources under diverse sets of 
роісу options. The system is discussed more 
completely in Horner and Dudek. 


Procedure 


Cropping patterns, returns to land and man- 
agement, and the quantity and quality of irri- 
gation return flows in CCID were estimated by 
the analytical system by subregion for the 
period 1974—85. Because the integrated ana- 
lytical system encompasses a substantially 
greeter area than that comprising the CCID, it 
was necessary to establish a correspondence 
between subregions and operating units of the 
irrigation district. CCID is wholly contained 
within sixteen subregions. The sizes of farm 
firms in each subregion within CCID were de- 
termined from district water billing records. 
Before tax, farm-related, net returns to land 
and management for the period of analysis 
were converted to an average annual present 
value basis and employed as an estimate of 
income. These average annual returns were 
then adjusted to reflect economies of size of 
operation (Moore, Moore and Hedges). Fi- 
nally, firms were grouped by income class and 
Gini ratios were determined for a base situa- 
tion and two policy alternatives. 


Policy Alternatives 


The two policies evaluated to reduce irrigation 
return flows are (a) implementing a $22 per 
acre-foot price for surface water and (b) re- 
quiring water management practices and 
methods that result in an increase in on-farm. 
water use efficiency of 30%. Increasing the 
price of water to account for the negative ex- 
ternalities associated with irrigation return 
flows is an indirect approach that is necessi- 
tated by the nonpoint source nature of the 
pollution problem. If return flows were a point 
source problem, an effluent charge would be a 
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direct approach to the internalization of these 
externalities. Water prices in the West vary 
because they are established by water agen- 
cies and districts to allocate diversion and dis- 
tribution costs to water users. This pricing 
structure results in greater water diversions, 
production, incomes, and return flows than 
would occur under higher water prices (Howe 
and Orr, California Department of Water Re- 
sources). Increasing the price of irrigation 
water is as effective as an effluent charge sys- 
tem in reducing environmental damage if di- 
versions are proportional to the pollution 
caused by return flow disposal. Howe and Orr 
contend that sufficient correlation exists. 

The water management policy assumes con- 
tinuation of the existing water price structure 
and imposition of mandatory water conserva- 
tion practices within the area. Water conser- 
vation practices that could be mandated in- 
clude structural measures for the improve- 
ment of water conveyance and delivery sys- 
tems as well as improved on-farm water 
management. Distribution system efficiency 
could be improved through the construction of 
less permeable canal and lateral linings and the 
use of flow measurement systems. Improved 
on-farm water management includes the use of 
more efficient water application techniques 
and systems, irrigation scheduling, tailwater 
recycle systems, decreased furrow slopes and 
lengths of run, and minimum leaching frac- 
tions to decrease deep percolation. It is as- 
sumed in this analysis that suitable combina- 
tions of these practices, if implemented, would 
produce an increase in water use efficiency of 
3096. Because these practices could be sub- 
sidized under the Rural Clean Water Program 
of the Clean Water Act of 1977, their im- 
plementation would result in little or no addi- 
tional cost to farmers but would represent 
transfers from the general fünd, which should 
be recognized. 


Results 


The average returns to land and management 
per farm firm and the amount and quality of 
irrigation return flows for the base and two 
policies are presented in table 1. Average re- 
turns decrease slightly as a result of imposing 
the water management policy. This is because 
of a slight shift in the location of processing 
tomatoes outside district boundaries to other 
subregions within the subbasin. Total re- 
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Table 1. Average Returns to Land and Management, Amount and Quality of Irrigation Return 


Flows by Policy 








Policy 
Water Increased 
Management Surface 
Base Policy Water Prices 
Average returns to land and 
management per farm firm $43,768 $42,522 $28,783 
Irrigation return flows (AF) 164,000 151,000 103,000 
Salt load (tons) 329,000 58,000 213,000 
Salt concentration (PPM) 1,836 356 1,897 





gional acreage of tomatoes is constrained by 
the capacity of local processing facilities. 
Some areas outside CCID were constrained by 
water supply. Thus, when the water manage- 
ment policy increased the effective supply of 
water, tomato acreage was increased in these 
previously water-short areas. More signifi- 
cantly, average returns were decreased by 
34% under the policy of increasing surface 
water prices. 

The environmental degradation potential of 
irrigation return flows within CCID was re- 
duced under either policy option. In the case 
of the water management policy, total water 
use was reduced because of improvement in 
on-farm water use efficiency. Since surface 
water supply sources for CCID are the least 
cost, groundwater pumping in the district is 
reduced. These pumping reductions combined 
with the naturally higher quality of surface 
water result in increases in the average qual- 
ity of applied irrigation water, decreases in the 
amount of water lost to deep percolation, and 
improvement in the quality of tailwater and 
subsurface drainage. 

Using the water-pricing policy, the total 
volume of irrigation return flows is even 
more dramatically reduced. However, this 
37% reduction in return flows belies the fact 
that salt concentration is approximately the 
same as in the base period. Because the con- 
centation of salt in return flows is roughly 
equivalent in the base and water pricing 
scenarios, total salt load under higher water 
prices is reduced in proportion to the reduc- 
tion in return flow volume. Average return 
flow quality under the improved water man- 
agement policy, in contrast, is sufficiently 
good for recycling in agricultural use or dis- 
posal without environmental degradation. 
This substantial reduction in salt load is a di- 
rect result of the higher average quality of 


applied irrigation water and the reduction in 
volume of both surface and subsurface return 
flows under the water management option. 


Results of the Distributional Analysis 


The impact of the two alternative policies on 
income distribution will be described accord- 
ing to their overall effects, by income class 
and by income quartile. Table 2 presents basic 
income distributions for the base, water man- 
agement policy, and water-pricing option. 
These distributional impacts are quantified in 
terms of income and firm number effects. 
Since the objective function of the location- 
specific linear programming model maximizes 
net returns to land and management, no at- 
tempt has been made to estimate the dynamic 
impact of the policy alternatives upon the 
prices of these inputs. Clearly, changes in 
water pricing and/or mandated management 
practices may change expected future returns 
to these factors of production and thus the 
intertemporal wealth position of farm firms. 

Increasing water use efficiency, when com- 
pared against the base condition, has the over- 
all impact of increasing the percentage of in- 
come concentrated in the lower end of the 
distribution of income classes and decreasing 
that in the upper portion. The largest changes 
in distribution by income class were a 4% loss 
in total income share in the $50,001-$60,000 
range and a 5% gain by the $70,001—$80,000 
class when compared against the base dis- 
tribution (table 2).! Other changes were of a 
smaller order of magnitude and distributed 
throughout the range of classes. 


! These percentage impacts are calculated from table 2 by first 
determining the percentage of income or firms within an income 
range in the base period and then subtracting the corresponding 
percentage outcome from the policy alternative under considera- 
tion. 
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Income Distribution under Alternative Water Quality Policies 











Base Water Management Policy Increased Surface Water Price 
Cumulative Cumulative Cumulative 
Dipl Percen:age of cad Percentage of dics an Percentage of 
о m EC eee fe) ————— о 
Income Range ($) Firms Firms Income Firms Firms Income Firms Firms Income 
Uncer 10,000 184 25 3 163 22 3 268 37 5 
10,001- 20,000 63 34 6 84 34 7 272 74 26 
20,001— 30,000 269 71 26 269 71 27 33 79 30 
30,201 40,000 41 77 30 37 76 31 31 83 35 
40,301- 50,000 16 79 33 27 80 35 36 88 43 
50,301- 60,000 33 84 39 12 82 37 24 92 49 
60,201 70,000 25 87 44 31 86 43 3 92 51 
70,201- 80,000 5 88 45 25 89 49 4 93 52 
80,301—100,000 32 92 54 23 93 56 13 95 58 
100,201-200,000 38 97 73 37 98 73 25 98 73 
Over 200,000 19 100 100 17 109 100 14 100 100 
Gini Coefficient ` 0.61 0.59 0.65 





In examining the impact upon firm numbers 
as distributed by inccme class, it can be seen 
that the general trend is an evening out with 
numbers shifting toward the middle from each 
end of the distribution. The greatest specific 
chaages in firm numbers were 3% losses and 
gairs in the $0-S10,000 апа $10,001-$20,000 
classes, respectively. The lowest income firms 
hav= benefited from the management policy. 
In eddition, there was a 3% decrease in firm 
numbers in the $50,001—$60,000 classification. 
The Gini coefficient under the water manage- 
mert option relative to the no-policy option 
declined from 0.61 to 0.59. Thus, according to 
this measure, income distribution was im- 
proved. 

Tae distributions of income and firms by 
inccme class under the water management 
policy option can also be summarized by 
aggregating the eleven ranges of income 
into quartiles. Each of the quartiles would 
ther correspond to the following income 
spreads: I, $0-$30,000; II, $30,001—$60,000; ПІ, 
$60,001-$100,000. and IV, greater than 
$106,000. The changes in income and firm 
number distributions resulting from the im- 
plementation of a polizy to improve irrigation 
efficiency are summarized in table 3. The third 
quartile, ($60,001—$100,000), is most changed 
by -mposition of the management policy. 
Firms in the upper end of the second quartile 
have benefited enough from the reduction in 
their total water bill through improved irriga- 
tion efficiency thet they moved into the third 
quartile. Due to cropping pattern changes in 
the solution to the programming model with 


the management policy imposed, firms in the 
fourth quartile experience income decreases 
and 1% of them move down into the third 
quartile. 

The overall impact of pricing water at $22 
per acre-foot on the relative frequency of in- 
come by class is an almost exact displacement 
of the distribution one class downward rela- 
tive to the base condition. Firm numbers in all 
but three classes have been reduced and the 
greatest concentration of firms occurs in the 
two lowest income classes. Using this policy, 
the Gini coefficient has increased to 0.65, thus 
the income distribution is worsened compared 
to the base. The specific impacts by class are 
much greater than those which result under 
the management policy. Income in the 
$10,001-$20,000 range increased by 18%, 
since firm numbers for this class also rose by 
18% (table 2). Also heavily affected was the 
$20,001—$30,000 class, which lost 16% of in- 
come and 22% of the firms. Firm numbers in 
the $0—$10,000 class rose by 1296, bearing out 
the conclusion that the heaviest impacts ac- 
crued at the lower end of the income distribu- 


Table 3. Net Changes in Relative Frequency 
by Quartile as a Result of the Water Manage- 
ment Policy 


Firm 

Quartile Income Change Number Change 
I +0.01 0.00 
H —0.03 —0.01 
ш +0.04 +0.02 
IV —0.02 —0.01 
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tion. The increased public revenues generated. 
by this water-pricing policy are presumed to 
be returned to the general treasury. To the 
extent, then, that firms in different income 
classes share differently in the benefits of pub- 
lic programs, the income distributional im- 
pacts that have been estimated would be al- 
tered. 

Examining the impacts by quartile of the 
water-pricing policy further emphasizes this 
result (table 4). The only quartile to display 
relative improvement under this policy option 
is II, but this is the result of firms in the lower 
end of the third quartile having income reduc- 
tions of sufficient magnitude to displace them 
into the upper end of the second quartile. As 
has been indicated previously, the heaviest 
impact on firm numbers is in the first quartile. 

In comparing the impacts of the alternative 
policies to control irrigation return flows, it is 
important to examine the cumulative distribu- 
tions presented in table 2. In the base condi- 
tion, 79% of the firms had 33% of the income, 
with an average per firm income of $18,275. 
Under the water management option, 8096 of 
the firms occupied the range $0—550,000 and 
had 3596 of the income, which averaged 
$18,603 per firm. However, unde- the water- 
pricing policy, 79% of the firms were concen- 
trated in the $0-$30,000 income range, and 
they shared only 30% of total income. The 
average per firm income under this policy de- 
clined to $10,925. 


Conclusions 


As a final comparison of the relative impacts 
of the policies, it is useful to consider the more 
detailed description of quartile daza presented 
in table 5. It shows firm numbers, the average 
percentage of total income share per firm, and 
the average per firm income by quartile and 
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Table 4. Net Changes in Relative Frequency 
by Quartile As a Result of the Water-Pricing 
Policy 





Firm 

Quartile Income Change Number Change 
I +0.04 +0.08 
II +0.06 0.00 
Ill —0.06 —0.05 
IV —0.04 —0.03 





policy. While the average percentage of in- 
come share per firm in the first quartile shows 
little change with either policy, the number of 
firms and average per firm income do change 
drastically under the water-pricing option. 
Firm numbers rise and average per firm in- 
come drops. Quartiles II and III are again 
quite similar for the base and management al- 
ternatives. However, water pricing produces a 
higher average percentage of income share per 
firm. This is the result of the displacement 
effect discussed earlier in this section, i.e., 
firms shifting down into the next lower income 
quartile. In the highest income quartile, aver- 
age per firm income drops across policies, 
with the lowest level occuring under water 
pricing. In conclusion, then, the policy of 
water management to improve water use 
efficiency in order to control irrigation return 
flows beneficially affects the income distribu- 
tion among firms in the study area and would 
thus be favored under the equity criteria em- 
ployed in this paper. 

The objective of this study focused on as- 
sessing the distributional impact of two alter- 
native return flow policies on irrigators, repre- 
senting one sector of the economy. This study 
does not address the larger question of 
economy-wide efficiency and equity, which 
may differ between the two policies. The pric- 
ing policy implies the flow of revenue from 


Table 5. Distributional Impacts by Quartile by Policy Alternative 








Base Water Management Policy Water Pricing Policy 

Average Average Average 
Income Average Income Average Income Average 
Firm Share per per Firm Firm Share per per Firm Firm Share per per Firm 
Quartile Numbers Firm (%) Income Numbers Firm (9) Income Numbers Firm (%) Income 
I 516 0.050 15,866 516 0.052 16,031 573 0.052 10,851 
H 50 0.144 45,694 76 0.132 40,694 91 0.209 43,613 
ш 62 0.242 76,791 79 0.241 74,297 22 0.409 85,349 
IV 57 0.807 256,076 54 0.815 251,252 39 1.077 224,745 
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irrigators to the zeneral fund and other sectcrs 
of the economy. Such revenues could even be 
used to provide lump sum payments to ir- 
rigators. The water management polizy 
through a subsidy program implies a transfer 
of funds to the irrigators from the general fund 
and other sectors. 

The research presented in this paper is m- 
tended to be illustrative of the type of informa- 
tion necessary fcr the design and evaluation of 
policies and programs for the control of non- 
point sources o? pollution. The approval of 
Section 208 plans and their related BMPs will 
depend upon several evaluation criteria. The 
degree to which an environmental strategy can 
improve the overall quality of resources is the 
ultimate criteriz. However, Bower et zl. 
characterize the distribution of benefits and 
costs as the most important physical and ec»- 
nomic effect of pollution control. This pap2r 
has demonstrated how irrigated farm firms .n 
the Central California Irrigation District wou.d 
either benefit or bear the costs of return flow 
cortrol under alternative policies. 

Our findings also demonstrate the flexibilizy 
of zhe model in analyzing two quize diverse 
pol.cy alternatives: improved water use maa- 
agement and increased water prices. This 
analysis has incleded the ability to ircorporaze 
complex envirormental effects, as well. Al- 
thoagh the policies selected as illustrative zl- 
ternatives are obviously not the only choices, 
their analysis demonstrates that environmen- 
tal, efficiency, and equity considerations cen 
be comprehensively evaluated in a systemat:c 
framework. 


[Received February 1980; revision accepted 
February 1981.] 
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Evaluating the Food and Agriculture 
Act of 1977 with Firm Quadratic 


Risk Programming 


Wesley N. Musser and Kostas G. Stamoulis 


Federal agricultural commodity programs generally have been assumed to reduce the 
income risk for farm firms, but limited empirical research exists on this proposition. This 
paper presents a study of the impact of the Food and Agriculture Act of 1977 on income 
risk for a representative farm in Georgia. The model is used to derive an E-V frontier for 
a firm not participating in the program and for the same firm that is participating in the 
program. Results indicate that participation dominates nonparticipation except for higher 


level of expected net income. 


Key words: farm management, government commodity programs, quadratic 


programming, risk. 


Farm income stability historically has been a 
justification for commercial agricultural policy 
in the United States (Schultz). Under earlier 
program forms of price supports above market 
equilibrium levels and maintenance of large 
Commodity Credit Corporation stocks, the 
risk arising from income instability was miti- 
gated in conjunction with increasing farm in- 
come (Hathaway). With the advent of pro- 
gram forms that separated income support 
from price supports, reemergence of the in- 
come stability problem became a possibility. 
The increasing importance of agricultural ex- 
ports, and especially their fluctuations, caused 
this stability problem to become a -eality in 
the 1970s (Robinson, Schuh). During this 
same period, a new public commodity pro- 
gram form also evolved for wheat, feed grains, 
and cotton. The most recent general legisla- 
tion related to this program form is zhe Food 
and Agriculture Act of 1977. 

The effectiveness of the current farm pro- 
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gram, authorized under the Food and Agricul- 
ture Act of 1977, in reducing income instability 
at the farm level has been given limited empir- 
ical consideration. Recent exceptions include 
Kramer and Pope, who concluded that par- 
ticipation is optimal for risk-averse California 
producers, and Persaud and Mapp, who found 
that selected program features can reduce risk 
in an Oklahoma farm situation. Scott and 
Baker reached similar conclusions in their ear- 
lier study of risk-returns trade-off in an Illinois 
farm situation, which included government 
programs under a previous act. The limited 
empirical analysis is particularly serious since 
policy analysts disagree on the impact of the 
Act on risk at the farm level. In the recent 
U.S. Department of Agriculture (USDA) re- 
port on structural issues, Penn, Harrington, 
and Johnson et al. all asserted (or assumed) 
that commodity programs reduce risk of farm- 
ers. In an earlier policy analysis of the 1977 
Act, Spitze concluded that the 1977 Act would 
contribute to stability of farm income. How- 
ever, Gardner questioned the effectiveness of 
the Act in reducing income variability because 
of its market orientation. 

The purpose of this paper is to present an 
empirical study of incentives for a representa- 
tive farm firm in South Central Georgia to 
participate in the 1977 Act. A standard quad- 
ratic programming model of a farm firm is 
used for an expected income-variance (E-V) 
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analysis of the nonparticipation situation. This 
basic model is then modified to include impor- 
tant policy provisions of the Act, including 
loan rate, deficiency payments, set-aside, vol- 
untary diversicn, and disaster payments, fcr 
an E-V analysis of the participation situation. 
A major methodological problem in the par- 
ticipation model is the estimation of a vari- 
ance-covariance matrix of incomes for com- 
modities covered under the Act; the approach 
tc this problem used here is to synthesize data 


to estimate these parameters. The results of. 


tke study provide some implications for tke 
risk reduction possibilities of participation in a 
voluntary commodity program. 


Methodological Background 


The standard presumption that an important 
goal of agricultural commodity programs is 1л- 
creased stability of farm income implies the 
assumption that farmers are risk-averse. The 
theoretical foundation of this proposition is 
that farmers maximize expected utility. As- 
suming that the utility function is quadratic or 
that net incomes are normally distributed, the 
optimum under an expected utility objective 
can be expressed as a trade-off between risks 
and returns in a quadratic program (Mzr- 
kowitz, Freurd). Both sufficient conditions 
for a mean-variance approach have been con- 
sidered restrictive (Pratt, Arrow). However, 
Levy and Markowitz recently demonstrated 
that the mean-variance approach closely ap- 
proximates a wide range of situations in which 
these assumptions do not hold and thereby 
provides renewed justification for its use. The 
formulation hzs been increasingly used in firm 
risk research in agricultural economics (An- 
derson, Dillon, Hardaker; Robison and 
Brake). The form of this quadratic program is 
as follows: 


(1) Maximize c'x — E x'Vx, 
subject to 

(2) Ax <b and 

(3) x= 0, 


where x is a vector of farm activity levels, c is 
a vector of expected net revenues from x, V is 
a variance-covariance matrix of net revenues 
“rom x, о is a Scaler risk-aversion coefficient, 
Ais a matrix of input-output coefficients, b is a 
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vector of resource constraints, and ' is the 
vector transpose operator. One problem in 
implementing this model is the choice of an 
appropriate level(s) of a for microapplica- 
tions. To avoid the questionable methodology 
for estimation of a (Young 1979, Grether and 
Plott), this study derived E-V frontiers which 
are defined as the change of basis solutions 
when a is parameterized (Sharpe). These fron- 
tiers subsume a large number of risk prefer- 
ence situations and therefore provide a more 
general analysis of the impact of farm pro- 
grams on resource allocation. 

The methodological approach of other E-V 
studies which include voluntary government 
programs has been to include both a participat- 
ing and a nonparticipating activity in the 
model for each commodity under the govern- - 
ment program (Scott and Baker; Persaud and 
Mapp). However, this procedure can yield so- 
lutions which are inconsistent with the cross- 
compliance provisions of the 1977 Act that 
requires participation for all commodities. To 
incorporate this policy limitation in the analy- 
sis, this study derived E-V solutions under 
two situations: (a) participation in the 1977 
Act for all commodities and (b) nonparticipa- 
tion in the 1977 Act for all commodities. Con- 
siderations of incentives for participation were 
then based on comparisons of the two E-V 
frontiers. 


Empirical Model 


The basic model for this study reflected a rep- 
resentative farm firm in South Central Georgia 
and was adapted from an earlier linear pro- 
gramming study (Johnson, Saunders, Mar- 
tin).! The firm owned 500 acres of land; how- 
ever, only the 182.6 acres of cropland were 
incorporated in the model. The firm had a 
60.9-acre peanut allotment and a 21.0-acre to- 
bacco allotment. Crop activities include corn, 
cotton, peanuts, tobacco, soybeans, second- 
crop soybeans, wheat, oats, and grain sorg- 
hum. Cotton and peanuts were both subject 
to agronomic restrictions. The farm firm was 
endowed with 2,500 hours of operator labor, 
and activities were included to allow hiring 
seasonal labor in five periods subject to a 
managerial restraint. The budgets for the 


! More information on the assumptions and sources of data, the 
synthesized time series in the participating situation, and the 
structure of the model are available in Stamoulis and Musser and 
Stamoulis. 
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crops reflected above-average management 
and 1978 prices. The constraints, constraint 
matrix, and objective function for zhe nonpar- 
ticipating farm reflected standard methodol- 
ogy in farm organization studies, except the 
production and marketing functions of the firm 
were combined into a single activity for each 
crop. The variance-covariance macrix was es- 
timated with detrended historical data on 
gross revenues for crop enterprises for 1958- 
77 (Georgia Crop Reporting Service).? 

In the participation situation, the basic 
model was altered to reflect the voluntary 
commodity programs. The gross -evenue for 
commodities under this Act were estimated as 


(4) Ri = PuYu + ADP eV’ + Dit Yi, 


where Ry is gross revenue from crop i in year 
t; Ри, higher of market price or loan rate for 
crop i in year £; Y„, actual yield of crop i in 
year t; А,, the allocation factor for year t; DP, 
deficiency payment for crop i in year t; Y'y, 
normal crop yield for crop i in year t; Dy, per 
unit disaster payment rate for crop i in year t; 
and Y",, yield eligible for disaster payment in 
year f. All definitions are on a per acre basis. 
DP, is defined as 


(5) DP, = P'y — Pu if P'a — i 
= () i 


t 
, Ion 
ifP it Lit 


where P';, is the target price for crop i in year 
t. Y", is defined as 


(6) 


Y"u = díY'y — Yu if du Y'ie — Ya > 0, 
= 0 if dí,Y'4, — Yu = 0, 


where dy is portion of Y' covered by disaster 
payments. ; 

This definition does not include all potential 
program benefits available under іле 1977 Act: 
data limitations precluded inclusion of disaster 
payments for prevented plantings, and consid- 
eration of the potential benefits for participa- 
tion in the farm reserve programs were beyond 
the scope of this study. Thus, equation (4) is a 
minimal estimate of gross revenue under the 
1977 Act. 


? The variate difference methcd was used to detrend the data. 
This method allows the mathematically precictable expected 
components of the data to be removed and tie variances and 
covariances calculated on the residua] random component of the 
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The model for the participating situation 
reflected the 1978 program. The only differ- 
ences in net revenue, or the linear portion of 
the objective function, for participating firms 
in this year were deficiency payments for grain 
sorghum and wheat equal to $20.35 and $12.25 
per acre, respectively. Voluntary diversion ac- 
tivities were included for cotton, corn, and 
grain sorghum, which were constrained to be 
10% of the planted acreage of the respective 
crop. A normal crop acreage restriction of 
124.96 acres was included, which represented 
the average land area devoted to the crops 
covered by the provision in South Central 
Georgia. All of the crop activities except 
peanuts and tobacco, which were not included 
in the normal crop acreage, and the diversion 
activities had an entry in this restriction. The 
set-aside provision was incorporated in the 
model by altering the entries for appropriate 
activities in the cropland and normal crop 
acreage restrictions to 1.1 for corn and grain 
sorghum and 1.2 for wheat; cotton did not 
have a set-aside in 1978. . 

A major methodological problem in this 
study concerned the estimation of the vari- 
ance-covariance matrix for the participating 
situation. Historical data on the policy vari- 
ables included in equation (4) did not exist 
prior to 1977. Elicitation of a subjective vari- 
ance-covariance matrix (Anderson, Dillon, 
Hardaker) also did not appear promising be- 


` cause of the difficulties in eliciting covariances 


reported by Lin, Dean, and Moore, and more 
general methodological problems with elicita- 
tion procedures (Grether and Plott). As a re- 
sult, a time series of program variables was 
synthesized from available information. The 
basic perspective in this methodology was to 
determine what would have been the values in 
equation (4) if the 1977 Act had been in effect 
in previous years. Scott and Baker appear to 
have used similar methods in estimation of 
objective function values for their government 
program activities. However, their methodol- 
ogy is not explicit in their paper. 
Specifications of A, d,, and Y', were 
straightforward; A, can vary from .8 to 1.0 
with the minimum level set annually by the 
Secretary of Agriculture. A farm can have the 
maximum amount if acreages are reduced (or 
not increased in some years) from that of the 
revious year. Due to the unavailability of 
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levels of .6 for wheat and feed grains and .75 
for cotton were assumed for dy. Under the 
Act, Ү' is specified for individual farms as 
mcving averages of previous yields. In this 
study, Y’,, was calculated using historical data 
on county average vields in these statutory 
formulas. 

The time series for loan rate, target price, 
and disaster payment rate were based on the 
assumption that the provisions of the 1977 Act 
which mandated that target prices be escalated 
to reflect increases in variable and fixed costs 
(excluding land) reflected the current political 
judgment about relationships between pay- 
meat levels and costs of producticn. A time 
ѕег.еѕ on cost of production is not available so 
that the Index of Prices Paid by Farmers for 
Prcduction Items (USDA) was used as a 
proxy. The 1978 target price, loan rate, and 
disaster payment rates were multiplied by the 
ratio of this index in earlier years to the same 
index for 1978 to calculate these payment 
levels for earlier years.? Earlier studies that 
have demonstrated political stabili-cy in pro- 
gram benefits for specific commodities support 
this methodology (Field; Rausser and 
Freebairn). 

The gross revenues for corn, cotton, wheat, 
and grain sorghum under the 1977 Act were 
calculated with equation (4) using historical 
data and the synthesized policy variables. 
Oats and soybeans were eligible for loans 
under the 1977 Act, but these estimated loan 
rates were never higher than market prices so 
the gross revenue time series was the same as 
in the nonparticipating situation. The loan rate 
was used for Py only for cotton in 1966, 1969, 
and 1970; this result was not surprising since 
the loan rate is designed to be below market 
levels. Deficiency payments were included for 
wheat for the period 1968-72, for cotton in 
1966 and 1970-2, and for grain sorghum in 
1971-2. Disaster payments were paid for 
wheat in 1972 and 1974, corn in 1969 and 1977, 
and cotton in 1968-70. Examination of equa- 
tion (4) demonstrates that gross revenue per 
acre would never be less than the nonpar- 


3 Sibsequent to the completion of this empirical -esearch, Mil- 
ler ard Sharples considered methods to index commodity program 
benef.ts. One alternative used zn index of prices paid adjusted for 
yield changes. In retrospect, adjustment for produccivity changes 
as relected in yield increases should have been inzluded in this 
analysis. However, its exclusion resulted in an upward bias in the 
program payment rates under the assumption that yields have 
trended upwards over time. The higher program rates resulted in 
lower estimates of historical program gross revenues than if yielcs 
had bzen adjusted, which is consistent with the general underesti- 
mation of program gross revenues in this analysis. 
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ticipating situation in the participating situa- 
tion. The preceding summary of program ben- 
efits indicates that gross revenue per acre 
would have been higher in six years for cotton, 
six years for wheat, two years for corn, and 


two years for grain sorghum. 


The synthesized time series along with the 
historical time series for oats, soybeans, 
peanuts, and tobacco were detrended with the 
variate difference method and the variance- 
covariance matrix calculated for the par- 
ticipating situation. The variance-covariance 
matrix for crop activities used in both situa- 
tions is presented in table 1. The increases in 
gross revenues for program crops had the ex- 
pected effects on variances. The reductions in 
variance for wheat and grain sorghum are 
slight; however, the reductions for corn and 
cotton are quite large. Examination of the 
variance-covariance matrix also reveals an- 
other risk-reducing feature of the government 
program in this analysis—-some of the 
covariances have dramatic reductions. For 
example, the covariance between peanuts and 
cotton is —232 and between peanuts and the 
program cotton is —653; the covariance be- 
tween corn and soybeans is 300 and between 
program corn and soybeans is 56.^ The shift in 
covariances suggests that government pro- 
grams can result in risk reduction associated 
with diversification in addition to direct reduc- 
tion in variances. 


Model Solutions 


Optimal parametric solutions for the nonpar- 
ticipating and participating situations are pre- 
sented in tables 2 and 3.^ The E-V frontiers 
from these solutions appear in figure 1. The 
most important result in these solutions is that 
the participation situation dominates the non- 
participating situation at all expected income 
levels. While this result can be deduced from 
tables 2 and 3, it is most apparent in figure 1: 
the E-V frontier for the participating situation 
is below the frontier for the nonparticipating 


^ These reductions in covariances are not solely a result of 
different scales for the data. The correlation coefficient for gross 
incomes from cotton and peanuts is reduced from —.12 to —.56 
with program participation and for corn and soybeans from .95 to 
.39. 

5 Some of the solutions with low risk-aversion coefficients do 
not fully utilize the available land resources. This outcome is not 
unusual in E-V analyses and these solutions are sometimes deleted 
as unrealistic (Persaud and Mapp). However, the large amount of 
idle cropland and cropland used for pasture and forestry in Geor- 
gia (White et al.) suggests that these solutions were relevant. 
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Program 
Grain Program Program Program Grain 
Soybeans Oats Sorghum Corn Cotton Wheat Sorghum 


Wheat 


Tobacco 





Peanuts 


Cotton 
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Variance-Covariance Matrix for Gross Incomes per Acre of Crop, 1958-1977 
Corn 





Table 1. 
Corn 
Cotton ` 
Peanuts 


Tobacco 


Wheat. 


Soybeans 
Oats 
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Grain Sorghum 
Sorghum 


Program Corn 
Program Cotton 
Program Wheat 
Program Grain 





Note: These data are rounded values of those used in the model solutions. 


Standard 
Deviation 
(thousands 
of dollars) 
NP 





d 4X зб © 5 —— 60 To E 
Expected Returns 
(thousands of dollars) 
Figure 1. E-V frontiers for a nonparticipating 


(NP), a modified participating (MP), and a par- 
ticipating (P) farm 


situation for all levels of expected returns and 
widens as the maximum profit solution is ap- 
proached. These E-V results are consistent 
with impact of the program on the variance- 
covariance matrix discussed above. 

A modified government participation formu- 
lation was constructed to provide an evalua- 
tion of the relative importance of the shifts in 
covariances to the shifts in variance. This 
formulation was exactly the same as for the 
participation situation, except that the nonpar- 
ticipation covariances were included in the 
model. Solution results for this modified par- 
ticipation formulation are included in figure 1. 
At low levels of expected income, the variance 
of net revenue was about the same as the 
nonparticipating situation, which indicates 
that the shift in covariances accounted for 
most of the overall risk reduction at these ex- 
pected income levels. Above expected income 
levels of $40,000, the variance of the modified 
participation solution diverges from the non- 
participation solution; however, the standard 
deviation of returns at maximum expected net 
income is $5,631, which is more than $300 
above that of the participation situation. Thus, 
the impact of government programs on 
covariances of incomes can be quite important 
for risk reduction. Analyses that consider only 
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Teble 2. Quadratic Risk Programming Solution Levels for a Nonparticipating Farm, Twenty-five 


Counties in South Central Georgia, 1978 








Risk Standard 

Aversion Expected Deviation - 

Coefficient Returns of Returns Cotton Peanuts Tobacco Soybeans Oats 
----- ($ thou.) ----- -L------------------- (acres) -------------------- 

0.01745 23.044 1.149 157 44.640 18.580 97.790 

0.01520 24.857 1.242 .650 47.590 22.400 89.230 

0.01331 28.190 1.419 ‚742 54.360 25.590 101.910 

0.01180 30.400 1.538 1.236 58.210 29.550 93.590 

0.01094 31.941 1.624 1.580 60.900 32.320 87.790 

0.00707 34.520 1.800 3.147 60.900 49.790 68.770 

0.00463 45.466 2.674 8.678 60.900 4.330 54.570 54.120 

0.00442 45.938 2.713 8.918 60.900 4.310 58.115 50.355 

0.00425 47.197 2.818 9.570 60.900 4.820 58.820 48.490 

0.00368 48.929 2.970 10.680 60.900 4.780 71.140 35.099 

0.00277 59.182 3.912 16.580 60.900 9.029 81.097 14.990 

0.00272 59.598 3.95] 16.690 60.900 9.329 79.846 15.837 

0.00228 67.782 4.712 21.406 60.900 12.780 87.520 

0.00192 75.976 5.484 26.277 60.900 17.400 78.023 

0.00182 75.979 5.485 26.42 60.900 17.400 77.870 

0.00168 80.071 5.895 28.993 60.900 19.820 72.880 

0.00164 81.734 6.063 29.954 60.90 21.000 57.377 13.378 

0.00158 82.055 6.095 30.339 60.90 21.000 70.361 

0.00096 82.118 6.104 32.77 60.90 21.000 67.928 

0.00017 82.841 6.500 60.900 60.90 21.000 39.800 








one commodity can significantly understate 
the risk-reduction benefits of government pro- 
grams. 

With the shifts in variance-covariance mat- 


rices between the two situations, reallocation 
of resources among crops would be expected. 
Referring to tables 2 and 3, the same activities 
appear in the solutions with similar patterns. 


Table 3. Quadratic Risk-Programming Solution Levels for a Program-Participating Farm, 
Twenty-five Counties in South Central Georgia, 1978 








Risk Standard 
Aversion Expected Deviation Program Cotton 
Coefficient Returns of Returns Cotton Peanuts Tobacco Soybeans Oats Division 
----- ($ thou.) ----- -——------2--2---------- (acres) -------------2----222-- 
0.01608 32.900 1.430 22.68 59.31 18.32 59.94 2.27 
0.01539 33.906 1.474 23.82 60.90 19.49 55.58 2.38 
0.01282 34.654 1.510 24.97 60.90 23.59 52.14 2.50 
0.00926 36.509 1.620 28.57 60.90 33.74 32.17 2.86 
0.00903 37.670 1.697 29.32 60.90 .58 31.18 44.78 2.93 
0.00764 42.301 2.000 35.51 60.90 2.35 29.06 43.51 3.55 
0.00751 43.099 2.052 36.11 60.90 2.76 27.31 51.89 3.61 
0.00664 46.760 2.291 41.12 60.90) 4.13 26.07 46.26 4.11 
0.00641 . 47.047 2.310 41.60 60.90 4.12 27.83 43.99 4.16 
0.00530 47.440 2.337 42.25 60.96 4.23 28.28 41.02 4.22 
0.00528 47.449 2.337 42.26 - 60.90 4.22 28.38 40.95 4.23 
0.00521 47.812 2.362 42.76 60.90 4.37 28.22 40.83 4.28 
0.00520 47.841 2.371 42.87 60.90 4.44 27.95 42.15 4.29 
0.00502 48.903 2.436 44.23 60.90 4.81 27.68 40.55 4.42 
0.00595 49.078 2.448 44.30 60.90 4.92 27.15 40.90 4.43 
0.00591 49.082 2.449 44.25 60.90 4.92 27.25 40.85 4.42 
0.00524 50.306 2.537 46.50 60.90 4.89 34.16 31.49 4.65 
0,004104 59.536 3.238 60.90 60.90 8.63 33.38 12.70 6.09 
0.00320 65.885 3.747 60.90 60.90 11.32 43.39 6.09 
0.00229 76.480 4.689 60.90 60.90 17.40 37.31 6.09 
0.00186 82.455 5.286 60.90 60.90 21.00 33.71 6.09 
0.00143 82.843 5.335 60.90 60.90 21.00 39.80 
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Solutions with high risk-aversion coefficients 
include cotton, peanuts, soybeans, and oats. 
As the risk-aversion coefficient decreases, 
cotton, peanuts, and soybean levels tend to 
increase, oats eventually are excluded, and 
tobacco enters the solution and increases to its 
maximum level. Differences do exist— 
soybeans first increase and then decrease and 
oats reenter the solution when the tobacco 
allotment constraint first becomes effective in 
the nonparticipating situation. Ancther impor- 
tant difference is the level of cotton acreage in 
the lower part of ihe participating E-V fron- 
tier. For example, the cotton activity was in 
the solution at 25 acres at expected incomes of 
about $34,500, and at 61 acres at expected 
incomes of about $59,500 in the participation 
situation, while the levels at these expected 
income levels were 3 acres and 17 acres, re- 
spectively, in the nonparticipating situations. 
Smaller levels of tobacco, soybeaas, and oats 
provided the increased land for cotton in the 
participating solution. This increased cotton 
acreage reflects the reduction in risk asso- 
ciated with the government prog-am for this 
commodity, as no program payments were 
made for cotton in 1978. 

The increased acreage of cottor. in the solu- 
tion and the large reduction in variance of its 
returns support the view of Gardner and 
Spitze that the 1977 Act was relatively more 
favorable for cotton than for other commod- 
ities. Two aspects of the solutions indicate 
that the benefits of the wheat and feed grains 
program were not so great as for cotton, at 
least for south central Georgia. First, the ben- 
efits of the program were not sufficient to 
stimulate inclusicn of these commodities in 
the solutions of the participating situations. In 
addition, program participation reduced the 
variance of gross returns for wheat and feed 
grains, but their covariance of returns with 
other activities in the solution decreased rela- 
tively less for these commodities than for cot- 
ton (table 1). 

The voluntary cotton diversion activity was 
in all the solutions except the fina_, profit-max- 
imizing solution. Furthermore, the activity 
was in all the solutions at their upper level— 
1096 of the cotton activity. Its inclusion in all 
of these solutions undoubtedly is related to its 
nonstochastic nature since it was not in the 
profit-maximizing solution. The shift in the 
6.09 acres from voluntary diversion to soy- 
beans in the final solution increased profits 
about $64 per acre and standard deviation of 
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profits about $400. It also can be noted that the 
expected returns from the wheat and feed 
grain voluntary diversion programs were not 
sufficient to draw these crop activities into the 
solution. 

The existence of по set-aside for cotton in 
1978 decreases the generality of the results in 
tables 1 and 2 because of the importance of the 
cotton activity in these solutions. With a set- 
aside in effect for cotton, the program solu- 
tions would have less total crop acreage if 
cotton were included. To explore this possibil- 
ity, a solution was obtained for a participating 
situation in which a 1096 set-aside was re- 
quired for cotton. This solution again included 
the same activities. However, the levels of 
some activities were lower in most solutions 
because of the cotton set-aside. The maximum 
profit solution had a net income of $82,016 
and a standard deviation of $5,286 (Sta- 
moulis). As expected, the idle land re- 
quired for the set-aside resulted in lower net 
income than in the nonparticipating situa- 
tion—the final three solutions in the non-par- 
ticipating situation had higher net income 
than $82,016 (table 2). Achievement of these 
higher expected profits required a correspond- 
ing increase in risk—the standard deviation of 
returns at maximum profits in the nonpar- 
ticipating situation was $6,500 (table 2). Un- 
less farmers are risk-neutral or risk seekers, 
they would be expected to participate in the 
government program in this representative 
situation. 


Conclusions 


This study has provided empirical support for 
the widely held view that government agricul- 
tural commodity programs reduce the risk 
faced by agricultural producers. In an E-V 
framework, program participation resulted in 
lower variance of net income for all levels of 
net income achievable both with and with- 
out program participation for a represen- 
tative farm situation in south central Georgia 
in 1978. When a set-aside was required for 
cotton, slightly higher net income was achiev- 
able without participation. The importance of 
the risk reduction aspects of the program was 
particularly important in these results because 
the expected returns of the activities in the 
solution were the same in both situations. 
These results imply that farmers represented 
by this model who have any degree of risk 
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aversion would have had incentives to partici- 
pace in the 1978 program. 

Available data on program participation in 
this area in 1979 do not necessarily support 
this strong conclusion. Using program com- 
pliance data for 1978 (Georgia State ASCS 
Office) and number of farms with crops pro- 
duction in 1974 (U.S. Departmen: of Com- 
merce), 49.4% of the farms participated in the 
prcgram. The range among counties in the 
area was 21.9% to 78.3%. The lower level of 
participation than predicted from :he model 
undoubtedly reflects the high level of cotton 
production and zero corn producton in the 
solutions. As in the earlier study with this 
constraint matrix (Johnson, Saunders, Mar- 
tin), these results are inconsistent with actual 
production patterns in this area, which in- 
cluded large corn acreage and very small cot- 
ton acreage. This divergence from representa- 
tive data is not uncommon in mathematical 
programming models and reflects several con- 
siderations in this study. Most important, 
many farmers do not have the management 
skils required to achieve the level of cotton 
production reflected in this model or are un- 
willing to make the specialized inves-ment in a 
cotton harvester with fluctuating cotton 
prices. In addition, more stringent rotational 
constraints and/or land quality constraints 
world have resulted in a substitution of corn 
for zotton and soybeans. With more corn in 
the solutions, the reduction in expected net 
incame because of the corn set-aside would 
have décreased incentives for participation. 
Analysis of the impact of a cotton set-aside 
indicated that the basic results of the analysis 
if more corn was in the solution would still 
hold except that higher expectec returns 
would be achievable without participation, so 
that risk-neutral producers, and probably even 
those with low positive  risk-aversion 
coefficients, would have incentives not to par- 
ticipate. 

While generalization of results fom rep- 
resentative farm situations is not ustally pos- 
sible, some implications of the study are likely 
to hold in other geographical and temporal 
situations. Most important, the decision to 
participate in voluntary farm commodity pro- 
grams involves the familiar risk-returns 
trade-off—participation will reduce expected 
net returns and also risk. The trade-off arises 
because the opportunity cost of the land re- 
quired for the set-aside is higher than the in- 
come benefits of the program, particularly if 
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land resources are homogenous and have high 
productivity. The normative side of this impli- 
cation is that participation in voluntary pro- 
grams with payment levels such as the 1977 
Act likely will be optimal for risk-averse pro- 
ducers; producers with higher risk-aversion 
coefficients, and/or more business and finan- 
cial risks will more likely participate. These 
implications are consistent with the micro- 
studies in other geographical areas (Scott and 
Baker, Kramer and Pope, Persaud and Mapp). 

The study also suggests some implications 
for interaction between commodity program 
features and likely participation in certain 
situations. Most obviously, the level of set- 
aside will affect participation. With a zero 
set-aside, the risk reduction aspects of the 
program are available with zero opportunity 
costs. A related implication is that level of 
opportunity costs of the set-aside is likely to 
be inversely related to participation. In areas 
with higher quality land than in Georgia, the 
divergence between maximum expected in- 
comes caused by the set-aside likely will be 
higher. An additional implication is that the 
risk-reduction .benefits of the wheat and feed 
grain programs are generally less than for cot- 
ton, so that the incentives for participation 
likely would be less for situations in which 
these crops are more important. However, 
this proposition may not hold for situations in 
areas where wheat and feed grains are subject 
to more income risk than in south Georgia. 
Finally, the normal crop acreage restriction 
likely would be more limiting in situations with 
adjustable acreages of crops not included in 
the restriction; the government program 
would involve larger risk-returns trade-offs in 
situations in which land was being transferred 
from hay, pasture, or horticultural crops to 
field crops. 

The policy implications of this research are 
further supported by the overall tendency of 
the methodology to underestimate the times 
series of gross income from program participa- 
tion. Payments for prevented plantings and 
benefits of the farmer reserve program were 
not considered in the analysis. Assuming the 
minimum value of the allocation factor also 
reduced the level of deficiency payments. In 
addition, market prices in the period from 
1958-65 reflected higher price supports than 
under the 1977 Act, which resulted in no gov- 
ernment program benefits during this period in 
the participating time series. A time series of 
participating gross revenues that did not in- 
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clude these underestimation features un- 
doubtedly would have small уалапсез and 
even more risk reduction than indicated in this 
analysis. 

The analysis in this paper also has some 
methodological implications. Most important, 
analysis of the impact of variation in program 
benefits and requirements on the incentives to 
participate in government programs needs to 
be in an expected utility framework. This im- 
plication arises from the view that farm in- 
come stability has always been ап important 
goal of farm policy, and the results of this study 
support the view that currently it is the most 
important benefit for farmers. Risk-return 
analysis of farm commodity programs also 
must allow evaluation of the resource realloca- 
tion in response to the portfolio effects of the 
program. In this paper, the shift in covariances 
between crop incomes was as important as 
the direct reduction in variance of income 
from cotton. However, more research in other 
areas is necessary to determine the generality 
of this effect on covariances. A broader meth- 
odological implication is that synthesizing a 
time series to estimate varianc2-covariance 
matrices is a potentially useful alternative to 
subjective elicitation when historical data are 
available and bears attention in future re- 
search. 

Further empirical research on the issue of 
risk reduction from government commodity 
programs is warranted. More research for 
other microsituations would be helpful in val- 
idating the implications of this paper. In addi- 
tion, such research should corsider incor- 
porating the aspects of commodity program 
excluded from this analysis. For example, an 
expanded model could include marketing ac- 
tivities to allow consideration of the farmer 
reserve program. Consideration of alternative 
policy deflation (inflation) methods would be 
directly helpful in designing farm commodity 
legislation. Finally, methodologies other than 
risk programming may be appropriate to ac- 
commodate some of the limitations of this 
methodology (Robison and Brake). 


[Received April 1980; revision accepted 
January 1981.) 
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Forecasting Short-Run Fed Beef Supplies 


with Estimated Data 


James N. Trapp 


Unknown aggregate data series for the placement weight, growth rate, and sex 
composition of cattle placed on feed are estimated. The estimates are made by treating 
the unknown data as time-varying parameters of a cattle-on-feed growth and inventory 
stimulation model. A nonlinear optimizaticn algorithm is used to estimate the unknown 
parameter series that optimize the model’s simulation accuracy. Incorporation of the 
estimated series into a traditional econometric fed-beef-supply forecast model improved 
the model’s forecast accuracy. The methodology used provides a general procedure for 
estimating unknown aggregate data using simulation models based upon 


microrelationships. 


Key words: beef supply, forecasting, nonlinear optimization, parameter estimation, 


simulation. 


Agricultural economics research often is ham- 
pered by a lack of appropriate cata. In such 
cases researchers have either ignored the rela- 
tions described by the missing data or at- 
tempted to develop a proxy for them, hoping 
that some consideration of these relations is 
better than ignoring them. КейЕ and Purcell 
point out that voids exist in U.S. Department 
of Agriculture (USDA) cattle slaughter data, 
making it impossible to trace cattle inveritories 
from birth to death. This hampers analyses of 
the cattle cycle and forecasts of beef supplies. 

A common traditional model used by out- 
look economists in making short-run fed-beef 
supply forecasts illustrates th2 limitations 
created by voids in physical data describing 
cattle on feed. The model regresses fed beef 
slaughter one to two quarters in advance upon 
current cattle-on-feed numbers by weight 
groupings. Such forecasts either ignore or 
crudely approximate known information about 
beef growth relationships; i.e., variations in 
growth rates due to seasonal weather condi- 
tions are proxied by dummy variables; 
changes in growth rates due to improved 
breeding, feed additives, and otker factors are 
ignored; effects of the animals' placement 
weights upon their growth rates, eventual 
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slaughter weights, and dates of slaughter also 
are ignored. 

It is the premise of this research that an 
objective method of estimating aggregate 
physical data series for cattle on feed, such as 
placement weights and growth rates of cattle 
on feed, coupled with knowledge of the beef 
growth process, can provide information ben- 
eficial to short-run fed-beef supply forecast- 
ing. Consider a short-run, fed beef-forecasting 
model of the following form: 


(1) fed beef supply = f (X, 0), 


where X is a vector of observable variables 
and U is a vector of estimated values for unob- 
served, but relevant, physical data. The meth- 
odology developed here estimates the un- 
known physical data series U as a set of time- 
varying parameters of a growth and inventory 
simulation model of cattle on feed. As a sim- 
plified example, consider 


(2) Ү700, = g(Y700,.,. YS500, ,,U1,02,,T), 
where Y 700, represents the reported number 
of 700—899-pound steers on feed at time 1; 
Y500,..,, the number of 500—699-pound steers 
on feed the previous period; and likewise 
Ү700,_;, the number of 700— —899-pound steers 
on feed the previous period. Ü1, and Ü2, rep- 
resent specific time-varying parameters of the 
general vector Ü above. In this case Ü 1, repre- 
sents the number of 700—899-pound steers 


Copyright 1981 American Agricultural Economics Association 


458 August 1981 


placed on feed during period г, and Ü2, the 
daily growth rate of steers, while T is the num- 
ber of days between ¢ and 7—1. 

Within the model structure, given Y700, , 
and Y500, ,, alternative values for U1, and U2, 
can be used to simulate the number of steers 
entering and exiting the Y700,-weight group of 
cattle and hence its inventory state at time г. 
Based upon this structure, U1, and 172, can be 
estimated with the objective of'zccurately 
simulating Y 700,. The unknown physical data 
series to be estimated in this study include 
(a) the average growth rate of cattle on feed, 
(b) the placement weight of cattle on feed, and 
(c) the sex of cattle placed on feed. 

The growth and inventory simulation model 
for which the unknown physical data series 
were estimated is based upon an individual 
animal growth model. However, because the 
data series desired are aggregate in nature, the 
individual animal growth model was not used 
directly, but its basic concepts were used to 
develop an aggregate model. The physical data 
series estimated have been incorporated into 
an econometric fed-beef-forecasting model 
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with beneficial results. This general methodol- 
ogy may be of use elsewhere when lack of data 
hampers research. 


Growth and Inventory Model for Cattle on Feed 


The basic structure of the growth and inven- 
tory model for cattle on feed is shown in 
figures 1 and 2. As depicted in figure 1, the 
model contains seventeen inventory catego- 
ries, :hree placement weight alternatives for 
Steers, and three for heifers. A uniform dis- 
tribution of placement weights for cattle in 
each weight category is assumed, while the 
distribution among categories is left to be es- 
timated.! 

Each placement weight alternative results in 
a unique growth path and slaughter weight. 
Figure 2 depicts a typical set of growth paths 
and slaughter weights for steers placed at dif- 


! It is assumed that no steers weighing less than 350 nor more 
than 895 pounds and no heifers weighing less than 300 nor more 
than 895 pounds are placed on feed. 


Total Jj 700-899 1b. < 900+ lb. v. 1100* 1b. 
Steers 
Placed ^ Steers e Steers ^ Slaughter 
th) Dd) 
500-699 1b. У, 700-899 1b. V 900% 1b. v, 1006-1099 1t 
Steers ^ Steers E Steers À Slaughter 
350-499 1b - 506-699 1b. Vj 70C-899 1b. Z 900+ 1b. v 935-1005 1b. 
Steers 5 Steers A Steers A Steers À Slaughter 
300-499 |b. Y. 500-699 1b. 7 700-899 ib. 7 740-872 lb. 
Heifers a Heifers ra Heifers A Slaughter 
ш Г ш ш 
500-699 1b. Е 700-899 1b. Z 900+ 1b. Z 873-1006 ib. 
Heifers А Heifers = Heifers ^ Slaughter 
LIK <8 
Total 700-899 1b. 7 900+ 1b. 7 1007+ 1b. 
Heifers X ‘ Heifers A^ P| Heifers ^ Slaughter 
Placed E E L- 


Figure 1. 


Growth and inventory model for cattle on seed 
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Figure 2. Typical daily rates of gain for steers by placement weight and current weight 


ferent weights.? A similar set of curves can be 
developed for heifers. Figure 2 is derived from 
a biological growth model of a beef animal 
developed by Nelson. His work craws heavily 
upon that of Gill and Lofgreen and Garrett and 
is similar to that of Fox and Black. 

The growth patterns and inventory catego- 
ries depicted in figures 1 and 2 are incorpo- 
rated into a computerized growth and inven- 
tory simulation model for cattle on feed. A 
modified version of a continuots distributed 
delay subroutine developed by Pugh is used to 
simulate the growth and inventory process for 
each of the seventeen inventory groups. This 
subroutine is capable of simulating the daily 
flow of cattle into and out of eack. given inven- 
tory category and of maintaining an inventory 
count for each category. Parameters required 
to accomplish this include the average daily 
growth rate of animals in the category, the 
weight range of the category, and the daily 
number and weight of animals entering the 
category. The growth and inventory model for 
cattle on feed is a collection of seventeen such 
subroutines linked together; i.e., the simulated 
outflow of the delay model describing the 
350—499-pound steer inventory category is the 
input to the delay model for the 500-699-pound 


2 The distinct discontinuities observed in the 400- and 500- 
pound beginning weight curves are due to assumed ration changes 
which disrupt feeding and growth patterns for brief intervals. 


steer inventory categorv in the lightest steer 
placement-weight growth path. 

The growth curves depicted in figure 2 for 
steers and a similar set of curves derived for 
heifers (from Nelson’s model) are used to 
specify the relative growth raie relations 
among the seventeen inventory groups while 
the general rate of growth is estimated. Thus, 
a single-valued shifter of the curves depicted 
in figure 2 is estimated. It decreases or in- 
creases the base set of assumed growth 
curves, but does not alter the relations be- 
tween the curves. 


Estimation of the Unknown Physical Data 
Series 


The unknown data series to be estimated are 
time-varying parameters of the distributed 
delay model. They are the general growth rate 
of animals on feed, the weight category within 
which animals are placed, and the sex of ani- 
mals. The task specified for the estimation 
procedure is to determine the set of unknown 
parameters which will result in the most accu- 
rate simulation of the reported quarterly data 
of historical cattle on feed and marketings. 
The objective function consists of the weight- 
ed sum of squared errors in predicting nine 
inventory levels, the total number of cattle on 
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feed, and fed cattle marketed. This function is 
minimized each quarter to generate one set of 
time-varying parameter estimates. 


(3) OBJ = ESTEER?(350-499) 
+ ESTEER? (500-699) 
+ ESTEER?(700-899) 
+ ESTEER?(900—1,099) 
+ ESTEER*(1,100 and above) 
+ EHEIF? (300-499) 
+ EHEIF?(500—699) 
+ EHEIF?(700—899) 
+ EHEIF?(900 and above) 
+ 9 *ECOF? + EMARKET?, 


where OBJ is the sum of squared-errors objec- 
tive value to be minimized; ESTEER?(I— J) is 
the square of the difference (error) between 
the reported and estimated numbers of steers 
on feed in weight category J—J, i.e., 499 
potnds and below, 500-699 pounds, 700-899 
potnds, 900—1,099 pounds, and 1,100 pounds 
and above; EHEIF?(I—J) is the square of the 
difference (error) between the reported and 
estimated number of heifers on feed in weight 
category /[—J, i.e., 499 pounds and below, 
500-699 pounds, 700-899 pounds, and 900 
pounds and above; ЕСОЕ is the square of the 
difference (error) between the reported and 
estimated numbers of cattle on feed at the end 
of the quarter; and EMARKET? is the square 
of tne difference (error) between the reported 
and estimated numbers of fed cattle marketed 
durng the quarter. The error in estimating 
total cattle on feed is weighted mine times 
more than other errors since it is the summa- 
tion of nine weight categories. 

Estimation of the time-varying input param- 
eters is conducted as a nonlinear op-imization 
prodlem. (For a detailed discussion of this es- 
timation procedure, see Richardson, Ray, 
Tra»p.) The nonlinear optimization algorithm 
used was developed by Box and is referred to 
as the ‘‘Complex Algorithm.” It consists of a 
heu-istic search procedure capable of finding 
the minimum or maximum value of a nonlinear 
objective function subject to nonlinear con- 
straints. 

To estimate a series of time-varying param- 
eters, values for each quarter are considered 
in sequence. At the end of each quarter, any 
errors in estimating the size and weight dis- 
tribution of the ending inventory of cattle on 
feed are corrected by using data reported in 
Cattle on Feed. Hence, previous e-rors will 
not affect parameter estimates for the follow- 
ing quarter. 
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Tae simulation accuracy achieved with the 
grovth and inventory model using the time- 
varying parameters estimated was quite good 
over the period 1960—1978. The R? for simulat- 
ing the number of cattle on feed was .99, with 
an everage percentage error of 1.57%. The 
largest single percentage error was 6.7696. The 
R? for simulating the number of cattle on feed 
marketed was .98, with an average percentage 
erro- of 2.86%. The largest single error was 
14.17%. 


Estimated Data Obtained 


Ope-ation of the model and optimization al- 
gorithm over the period 1960—78 yielded time- 
series estimates of placement weight, sex of 
anirrals placed, and average aggregate growth 
rates. Tables 1 and 2 report average seasonal 
patterns and annual averages for these data 
series over the period 1960—78. 

Growth rates are estimated to be most rapid 
in the first and fourth quarter and slowest in 
the third quarter. Seasonal fluctuation is due 
both to climatic factors and the type of back- 
grounding received by cattle placed at differ- 
ent seasons. The steer/heifer ratio (sex ratio) 
of cattle placed on feed indicates that propor- 
tionately fewer heifers are placed on feed in 
the frst and fourth quarters. Last, the esti- 
mates of the average weight of cattle on feed 
(which is not an estimated variable but a de- 
ѕсгіріуе output of the model) indicates that 
the Eeaviest average weight of cattle on feed 
occu's in the second quarter and the lightest in 
the fourth. The seasonal pattern of the average 
weight of cattle on feed is correlated with the 
seascnal pattern for number of animals placed 
and with the average weight of animals placed. 

Th2 placement weight information gener- 
ated оу the model is perhaps the most useful. 
The estimates indicate that a significant por- 
tion of cattle placed weigh less than 500 


Table 1. Selected Average Estimated Charac- 
terist cs of Cattle on Feed and Placed on Feed 
by Quarter, 1960—1978 . 





Average 

Growth Sex Ratio of Cattle . Weight 

Rate Placed on Feed of Cattle 

Quarter Index Steers/Heifers on Feed 
1 104 3.20 815 
2 100 2.15 ' 834 
3 89 1.92 821 
4 105 2.24 768 
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Table 2. Estimated Seasonal Distribution of Average Weight and Numbers of Cattle Placed on 


Feed, 1960—1978 








Percentage 
Placed Average Index of No. of 
Under Placement Cattle Placed 

Quarter S00 Ibs. 500—699 Ibs. 700-899 Ibs. Weight on Feed 
1 53.2 40.3 6.6 518 85 
2 26.7 66.3 7.6 571 83 
3 26.5 43.7 29.8 612 `.97 
4 64.4 26.5 9.1 502 135 

Annual avg. 42.2 44.5 13.2 549 100 





pounds, i.e., 42.2% (table 2). This is not sur- 
prising because the turnover rate of cattle on 
feed under 500 pounds is the most rapid of any 
reported weight group. Cattle typically gain 
only 50—75 pounds while in this weight 
classification, compared to 200 pounds in oth- 
ers. Hence, to maintain a given inventory of 
cattle on feed under 500 pounds requires more 
placements than to maintain the same inven- 
tory in other weight classes where the tur- 
nover rate is three to four times slower. 

The estimates reported in table 2 indicate that 
the majority of the placements under 500 
pounds occur during the first and fourth quar- 
ters. The heaviest average placement weights 
occur in the second and third quarters. The 
largest percentage of cattle (6695) placed in the 
second quarter is in the 500—699-pound range. 
This group likely consists of spring calves that 
have been wintered, grazed on spring pasture, 
and sent to feedlots. 

The time-series paths of the annual average 
values found for the estimated variables are 
presented in figures 3A—3C. The sex ratio (fig. 
3A) is correlatec with the cattle cycle (fig. 3D) 
measured as the annual index of the rate of 
change in the size of the cow herd. The simple 
correlation coefficient (r) is +.67. The sex 
ratio appears to rise during periods of expan- 
sion because more heifers are held for re- 
placements, thus causing the steer/heifer ratio 
to rise. 

The placement weight series is not strongly 
correlated with the cattle cycle but does ap- 
pear to be cyclical. During 1974 and 1975, 
when feed prices were high relative to cattle 
prices and ‘‘grass fed” beef was common, es- 
timated placement weights were the highest 
observed for the period, 1960—78. 

The index of growth rates, figure 3C, does 
not seem to follow the cattle cvcle. When re- 
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Figure ЗА. Steer/heifer sex ratio of cattle 
placed on feed, 1960-1978 
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Figure 3B. Average weight of cattle placed on 
feed, 1960-1978 
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Figure ЗС. Daily growth rates for 900-pound 
steers on feed, 1960-1978 
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Figure 3D. Rate of dan: in size of the beef 
cow herd, 1960-1978 


462 August 1981 

gressed against time, it shows a significant 
positive trend, primarily due to the unpre- 
cedented rise in growth rates since 1973. The 
drop in growth rates observed from 1970 to 
1973 may have been due to the legal actions 
taken against some growth hormones and feed 
additives. The rapid estimated increases in the 
growth rates of cattle on feed since 1973 are 
sustained by observations of animal scientists. 
They attribute much of this rise to increased 
crass-breeding and the development of alter- 
native.legal hormones and feed additives. 


Application of Estimated Data 


Two econometric forecasting models were de- 
veloped, one that directly incorporates the es- 
timated data and a second based upon proxy 
variables for the estimated data. The first is a 
respecification of the ‘“‘traditional’’ single- 
equation, short-run, cattle-on-feed-market- 
ing-forecast model mentioned earlier. 
This traditional model was respecified to in- 
corporate the data derived in the previous sec- 
tion in the form of three quarterly, seasonally 
adjusted indices. They are indices of growth 
rates, slaughter weights, and placement 
weights. The second forecast model is similar 
to the first, except that the three indices used 
in the first model are replaced by proxy vari- 
ables developed from reported cattle-on-feed 
data. 


Mocel 1 


Three seasonally adjusted, quarterly indices 
based upon the estimated data are incorpo- 
rated into Model 1. The indices include a 
growth rate index constructed by seasonally 
adjusting the quarterlv growth rates for 900- 
pound steers,? an index of slaughter weights 
formed by calculating a seasonally adjusted, 
weighted-average index of steer and heifer 
slaughter weights,* and an index of placement 
weights designed to describe the seasonally 
adjusted variation in placement weights of 


3 Since growth rates for all sex and weight categories of animals 
included in the beef simulation model are held in fixed ratios to 
each o:her, the specific weight-sex category chosen does not affect 
the values derived for the index. 

4 The index of slaughter weights was formed by calculating a 
seasonally adjusted, weighted-average index of steer and heifer 
slaughser weights. Relative weights for the averaging process were 
based upon the number of fed steers and heifers estimated by the 
cattle-on-feed model to have been slaughtered during the quarter. 
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steers and heifers on feed and currently weigh- 
ing »ver 900 and 700 pounds, respectively. 

А1 three of the indices as used in the model 
are 2ither lagged or based upon lagged data. 
Therefore, the data required to calculate the 
indices and make forecasts are available upon 
the release of the USDA cattle-on-feed report 
early in the quarter being forecasted. Lagged, 
as opposed to current period values of the 
indices, were used to facilitate forecasting. 
First order autocorrelations (R?) of the indices 
are epproximately .7, making one-period lags 
of e&ch indice a reasonably good proxy for its 
current period value. 

Ordinary least squares estimates of the 
"traditional" and new Model 1 over the period 
1960—76 are reported in table 3. In general, the 
statistical properties of Model 1 appear 
supe-ior to those of the traditional model. The 
three added variables are each significant at 
the .025 level or better. The estimated stan- 
dard error of Model 1 is 24.3% less than that of 
the traditional model. The traditional model 
left 12.4% of the variation in fed cattle market- 
ings unexplained compared with 5.796 for 
Model 1. The presence of the three index vari- 
ables in Model 1 appears to improve the spec- 
ificaton of the model by removing a significant 
amount of serial correlation. 

Each of the coefficients for the lagged indi- 
ces added to Model 1 displays a plausible sign 
if the / are proxies of the current period value. 
A positive sign is expected for the coefficient 
on the growth rate index because faster 
growth rates would be expected to decrease 
the remaining time on feed of a group of cattle 
nearimg slaughter weight. Increases in slaugh- 
ter weight, ceteris paribus, would extend the 
time cattle are on feed and thus reduce the 
flow of slaughter. Hence a negative sign is 
expected for the coefficient of the slaughter 
weight index. 

Decucing the plausible sign for the 
placement-weight index coefficient is more 
difficult. The physical growth relations of 
figure 2 indicate that placement weight affects 
both the slaughter weight and growth rate of 
steers on feed. The increase in slaughter 
weigh-s associated with heavier placement 


5 The ndex of placement weights was formed by calculating the 
weightec-average weight of four lagged categories of steer place- 
ments acd three lagged categories of heifer placements. Lagged 
placemert weight groups included were two-quarter lags for (a) 
350-499-3ound steers, (b) 500-699-pound steers, and (c) 300- 
499-pourd heifers. One-quarter lags were included for (а) 500- 
699-pourd steers, (b) 700-899-pound steers, (c) 500—699-pound 
heifers, end (а) 700-899-pound heifers. 
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Table 3. Three Quarterly Beef Supply Forecast Models 





Traditional Model Model 
Variable Model 1 2 
Intercept 822.46 17643.80 10206.80 
(3.45)* (6.87) (3.69) 
Steers on feed over 990 Ibs. at 0.61 0.89 0.58 
beginning of quarter (3.58) (5.59) (3.80) 
Heifers on feed over 700 lbs. at 2.12 1.60 2.06 
beginning of quarter (8.30) (6.97) (7.98) 
Index of seasonally adjusted slaughter — 180.66 
weights lagged 1 quarter” (6.60) 
Index of seasonally adjusted growth 27.24 
rates lagged 1 quarzer? (3.48) 
Index of seasonally adjusted placement ~14.78 
weights? (2.00) 
Index of seasonally adjusted steer slaughter ~93.68 
weights lagged 1 quarter* (3.59) 
Index of seasonally adjusted growth rate —0:07 
proxy ratio lagged 1 quarter* (0.39) 
Index of seasonally adjusted placement weight 2151.33 
proxy ratio lagged 1 quarter (1.01) 
2nd quarter seasonal dummy variable 433.88 392.52 440.90 
(3.32) (3.93) (3.71) 
3rd quarter seasonal dummy variable —369.05 —354.64 —254.47 
(2.52) (3.10) (1.17) 
4th quarter seasonal dummy variable —352.73 ~ 250.35 —396.67 
(2.80) (2.55) (1.49) 
R? .896 .943 .934 
R .888 .934 .924 
Standard error of the estimate 357.0 270.4 289.2 
F-value 103.9 112.4 87.1 
Durbin Watson .433 1.382 1.079 
Observations 66 65 65 





a Values in parenthesis are t-values. 
> These indices are derived frem data estimated in this study. 
* These indices are derived frem reported data. 


weights tends tc dominate the effect of the 
increase in growth rates also associated with 
heavier placement weights. Hence, cattle 
placed on feed at heavier weights tend to 
spend more days on feed after they reach 
900 pounds than cattle placed at lighter 
weights. Therefore, it follows that the ex- 
pected sign for the placement weight index 
coefficient is negative. 


Model 2 


The specification of Model 2 was prompted by 
the success of Model 1. Model 2 uses indices 
which proxy these of Model 1 but which can 
be developed from reported, rather than esti- 
mated, data. The index of average steer and 
heifer slaughter weights used in Model 1 is 


proxied by a seasonally adjusted index of 
steer slaughter weights. To proxy the place- 
ment weight index, a seasonally adjusted 
index of the ratio of the number of cattle on 
feed under 500 pounds versus the number over 
500 pounds is developed. It is hypothesized 
that increases in the number of cattle on feed 
under 500 pounds relative to other weights 
reflects a decline in placement weights. Last, 
the index of growth rates is proxied by a sea- 
sonally adjusted ratio consisting of the sum of 
the number of steers on feed over 900 pounds 
plus the number of heifers over 700 pounds at 
the beginning of each quarter divided by the 
number of cattle marketed during the quarter. 
It is hypothesized that a decrease in this ratio 
reflects an increase in the growth rate of cattle 
on feed. The more rapid the growth rate the 
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mare cattle will be marketed during the quar- 
ter, relative to the initial number of heavier 
weight cattle on feed. Lagged values of these 
thr2e indices are used in Model 2. The esti- 
mated model is reported in table 3. 


Comparison of Model Forecasts 


Ex post forecasts for 1977 and 1978 from the 
traditional model, Model 1, and Model 2 are 
presented and compared in table 4, with actual 
data and estimated marketing inteations de- 
termined by the USDA from its quarterly sur- 
vey of cattle feeders in twenty-three states. 
Model 1 provides the best set of forecasts and 
is a distinct improvement over the -raditional 
model. Model 2, which uses only reported 
data, is also more accurate than the -raditional 
model but not as accurate as Model 1. 

The forecasts generated by Model 1 have 
almost identical accuracy to estimated market- 
ing intentions as reported by the USDA and 
based upon its quarterly survey of cattle feed- 
ers. Note that Model 1 does not use any in- 
formation from the 1977-1978 perioc to adjust 
its parameter estimates. If the parameters of 
Model 1 are updated over the 1977-1978 pe- 
riod and forecasts made with the updated pa- 
rameters, the model's root mean scuared er- 
ror, mean absolute error, and Theil :nequality 
coerficient become 164.5, 135.9, and .0127. 
These values are slightly superior in each case 
to those of the reported marketings :ntentions 
serizs. 
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Summary 


This study illustrates methodology for estimat- 
ing physical data series for cattle on feed 
which are not currently reported by the 


` USDA. Incorporation of the estimated physi- 


cal data series in an econometric fed-beef 
suprly-forecasting model results in improved 
accuracy of short-term fed-beef supply fore- 
casts. Each of the estimated data series, when 
inco-porated into the model, generates esti- 
mated parameters with expected signs and a 
high degree of statistical significance. The es- 
timazed physical data series obtained also 
were useful in developing a deeper under- 
standing of seasonal and year-to-year histori- 
cal changes in growth and slaughter patterns 
for cattle on feed. 

Tte methodology developed appears to be 
poteatially useful in many areas of agricultural 
research. Specifically, it appears possible to 
estimate unreported aggregate-average physi- 
cal data series from knowledge of microphysi- 
cal relationships. In this study, microphysical 
relationships were used to specify the struc- 
ture of an aggregate cattle-on-feed growth and 
inventory model. Unknown time-varying 
phys.cal parameters of this model were then 
estimated via optimization of the model's 
simu_ation accuracy. It is possible to revise 
and/or expand the growth and inventory 
model for cattle on feed so that other types of 
information, in the form of estimated time- 
varying parameter data series, can be ob- 
tained. Such information might include the 


Table 4. Comparisons of Ex Post Forecasts of Three Cattle on Feed-Marketings Forecast Models 
with Actual and Reported Marketing Intentions Data 





Reported Number USDA 
of Cettle on Intentions Traditional 

Year-Quarter Feed Marketed Survey* Model · Model 1 Model 2 
1977-1 6,462 6,111 6,954 6,138 6,384 
1977-2 6,147 6,001 6,493 6,373 6,290 
1977-3 6,159 6,043 6,505 6,157 6,337 
1977-4 6,093 5,842 6,111 5,963 5,884 
1978-1 6,773 6,541 6,996 6,708 6,781 
1978-2 6,591 6,565 7,200 6,902 7,158 
1978-3 6,536 6,595 7,110 6,728 7,205 
1978-4 6,730 6,611 7,257 6,722 6,865 

Root-mean-squared-error 190.8 434.3 197.2 333.2 

Mean absolute error 161.5 391.7 159.3 248.2 

Thiel's inequality coefficient .0'49 .0327 .0153 .0255 





e Intended marketings during the quarter as estimated from a survey of cattic feeders in twenty-three states and reported in Cattle on 


Feed. 


Trapp 


feed consumption of cattle on feed, place- 
ments of cattle on grass, aggregate grass-fed- 
beef growth rates, and seasonal calving pat- 
terns of the national cow herd. Attempts to 
determine what factors explain the variation in 
the estimated data series appear to hold pro- 
mise for developing a deeper understanding of 
fed-beef supply forecasting. With suitable 
modifications, the methodological approach 
and the model developed probably can be used 
in analysis of production and supply of other 
types of livestock. 


[Received March 1979; revisior. accepted 
January 1981.] 
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Portfolio Theory and the Demand for 
Futures: The Case of California Cotton 


Peter Berck 


Th.s paper examines the simultaneous choice of cropping pattern zand futures positions. 
It cerives the demand for nedging as a function of the price of a hedge and the crop choice 
set; it estimates these functions for California cotton farmers. It ft-ds that both the costs 
of hedging and the opportunity to diversify rsk by growing other ops substantially 


chenge the optimal hedge for California cotton farmers. 


Ke» words: cotton, finance futures. 


Farmers and inventory holders both can use 
futures markets to reduce risk. However, a 
survey by the Commodity Futures Trade 
Commission (CFTC) shows that only 596 of 
farmers participate directly in futures markets 
and as many as a third do not know how the 
markets work. From its survey, the CFTC 
concluded that it shculd provide тоге educa- 
tion to farmers so that more farmers would 
hedge. The CFTC's conclusion is not justified 
because the economic interest of farmers may 
not lie in their use of futures markets. The 
purpose of this paper is to lay out the factors 
that influence farmer hedging and to estimate 
their empirical importance. 

The basic framework is a meaa-variance 
portfolio analysis which is the same frame- 
work as that used by Peck, Rolfo, or Rutledge. 
The model differs from that of Peck or Rut- 
ledge because they assume hedging is costless, 
but. we settle the hedging cost empirically. The 
model differs from that of all three previous 
autaors in the simultaneous choice of both 
cross and futures. This approach consolidates 
the choice of the craps approach cf Freund; 
Carter and Dean; and Lin, Dean, and Moore, 
with the choice of futures approach of Peck, 
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Rolo, and Rutledge. Both allowing for a risk 
predium and simultaneously choosing crops 
and futures make large differences in the op- 
timzl hedge and in the location of the mean- 
variance frontier. 

The remainder of the paper is in four sec- 
tions. The theory section sets out the objective 
function and constraint set. It presents a for- 
mal optimization model. In the second sec- 
tior I discuss the estimation of the means 
and variances of crop futures returns. In the 
thir- section, the empirical results include (a) 
a dzscription of the mean-variance frontier, 
(b) 3e choice of an efficient plan, (c) the bene- 
fits of diversification, (d) the effects of diver- 
sification on hedging, (e) the effects of chang- 
ing ће price of a hedge, and (f) the effects of 
forecasting. The conclusions are presented in 
the inal section. 


Thery 


The discussion of the farmers’ portfolio prob- 
lem >roceeds by stating the objective function, 
defiming the constraint set, and deriving the 
Kuln-Tucker conditions for a maximum. In 
passing, the discussion makes six important 
points: (а) farmers make simultaneous deci- 
sion= on crops and futures; (6) they evalu- 
ate [osses differently than gains (skewness); 
(c) Zutures holdings tie up their credit; 
(d) mortgages leave them leveraged; (e) hedg- 
ing z2sults іп an expected loss; and (f) fore- 
casting allows a gain on futures. 

Fc- computational ease, most authors in 
finarze literature (Tobin, Markowitz, and 
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Sharpe) and in futures literature (Peck, Rolfo, 
and Rutledge) approximate a more general ex- 
pected utility objective function with a two- 
period, mean-variance framework. The ap- 
proximation does not allow for plan revision, 
restricts the form of the utility function, and 
ignores skewness. We treat these items in 
turn. Plan revision—changing ihe quantity 
hedged—should occur as the growing season 
progresses and yields become more certain. 
Although Samuelson provides a more general 
control model for such a situation, it was not 
adopted for computational reascns. Restrict- 
ing the utility function to generalized mean 
variance—U(M, V), increasing in mean, M, 
and decreasing in variance, V—permits close 
approximation of the other utility functions 
common in finance (Levy and Mzrkowitz) and 
permits a two-stage computation procedure. 
First, the mean-variance frontier—the locus of 
minimum variance for given mean—is com- 
puted. Then, any U(M, V) function can be 
used to pick a point on the frontier. The major 
drawback to the use of mean-variance analysis 
in agriculture is that yields are known to have 
skewed distributions (Day) which might dis- 
tort the ability of variance to represent 
downside risk. A Chebychev inequality on 
semivariance is used to check on the effect 
of nonsymmetric distributions on portfolio 
choice. 

The constraints on wealth (or credit) and 
land define the farmer's choice set. A farmer 
has fixed acreage L, debt D, and allocatable 
credit (and wealth) W. The L acres are split 
among crops with acreage, A,, or left idle. Ina 


vector notation, let A’ = (Ay, . . ., А,) and 
а = (1,...,1)so 
(1) aA = І. 


Allocatable credit, W, is split between futures, 
Fi, that tie up f; dollars each or is unused, B. 
Each futures impinges on the credit constraint 
by the maximum amount the farmer is pre- 
pared to lose on that contract (worst possible 
variation margin) and the iritial margin. 
Again, utilizing vector notation,- 


(2) Wzf'F-B. 


More generally, wealth could have been al- 
located to financial assets other than the im- 
plicit bond, B, which pays off rB in period two, 
or to futures. Stocks, options, city real estate, 
or any other asset could be included: 

After a farmer has chosen A and F, the state 
of nature—which is the profitability of the 
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crops, x, and the gains or losses from the fu- 
tures positions, z—is revealed. The returns 
from a futures position are the brokerage fees 
and interest on margin, which are likely to be 
small,! and the loss (or gain) from the futures 
position itself. Without predictive ability on 
the part of farmers, the Keynes-Hicks- 
Cootner theory of speculative markets holds 
that storers and producers of commodities will 
pay speculators to take the price risk of hold- 
ing commodities. Inceed, this loss on futures, 
which can run several cents per pound for 
cotton (and is assumed away in Peck's work 
on eggs), provides a major reason for farmers 
not to hedge.? On the contrary, if farmers have 
good predictive ability, then thev may enter 
the futures market for the same reason as 
speculators—to make an (expected) profit on 
their futures position. 

The farmer's second-period income, Y, is 
composed of profits from crops, losses (or 
profits) from futures, interest cost on credit, 
interest paid on deposits, and interest paid on 
fixed debt: 


(3) Y=xA+2’F + rB- Рр. 


From this expression and the definitions of 
xX =x — x and z = z — 2, where the bars de- 
note the means and Æ is the expectation 
operator, one can calculate the mean, M, and 
variance, V, of income for given futures and 
cropping plans: 


(4) М= ХА +Е + rB-rD; 


(5 V (A, F) = A'E(XX') A 
+ РЕ (zz')F + 2A'E (xz')F. 


Equations (4) and (5) show that debt pay- 
ments, rD, give any crop futures plan a lower 
mean for a given variance or, in common par- 
lance, greater risk. 

A point on the mean-variance frontier with 
variance, V*, corresponding to mean, M*, is 
computed by choosing A and F to minimize 
V(A, F) subject to equations (1), (2), and (4). 
Letting А shadow the land constraint, y the 


! With a sympathetic banker who will lend money at close to 
prime (so that cost of the money is the prime rate less the rate on 
treasury bill posted as margin) and who will not impinge on the 
farmer's other credit lines, the cost of credit will be small. With a 
discount broker who will cherge about $20 for a ‘‘round turn,” the 
brokerage fees will be smal. 

? Peck considered using regression equations for prediction of 
futures mean-square error ir. her study of eggs. She credits Fried 
with the idea. In fact, she assumed the mean return of egg futures 
was zero, and she estimated the mean-squared error from the 
differences of a predicted and actual series. 
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credit constraint, and a the mean constraint, 
the Lagrangian Zor this problem is 


L = -V (A, F) + A(L аА) 
Tuy Wo-IEÓB 
— a (M* — ХА — РЕ — rB + rD). 


The interesting Xuhn-Tucker conditions are? 


(6 L'-—ax —2(A'E[xx]-- ЕЕ [zx']) 
— а'\ x 0, and 
La X А = 0 for every i; 


(7 L'r = a2' — 2 (Е Е [251] + А'Е[х2']) 
— yf’ € 0, and 
Lp, X Е, = 0) for every i; 


Lg = оғ - у= 0 and 
Lg х В = 0. 


Noting that A'x — F'z is the stochastic portion 
of income, Y, eqaation (6) states that either a 
cro» is not growa or, at an optimal portfolio, 
its mean return times the rate of technical sub- 
stitution of mean for variance, a, equals twice 
the covariance of the crops return with in- 
come, Y, and the shadow cost of land. Equa- 
tion (7) has a similar interpretation. Both 
equations include the covariance of an ac- 
tivities return with the whole portfolio, so one 
needs to know tke covariance of all the crops 
and futures, not ust crops with their own fu- 
tures. 

Tae set of all efficient points makes up the 
mean-variance frontier. Any agent with a 
mean-variance utility function will select an 
(interior) point or the frontier at which his rate 
of commodity substitution of mean for vari- 
ance equals the rate of technical substitution. 
These variances, covariances, and means are 
computed in the aext section. 


(8) 


Means and Variamces 


An estimate of the means and variance- 
covzriance matrix of the returns from crops 
and ииге is required for the computation of 
the efficient set. “his estimate is constructed 
(instead of by variate differencing) by apply- 
ing Seemingly Uarelated Regression (SUR? 
technique (Thiel, э. 297) to a set of equations 
desczibing the quasi-rents of the crops and the 
returns from futures holdings (Fried). The 
SUR prediction error estimates the variances, 


3 The other Kuhn-Tucker conditions are the nonnegativity of B, 


A, F, ), y, and a; equaticns (1), (2), and (4); and complementary 


slacknsss. 
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Ezz', EZX’ , and EXX' , while the SUR prediction 
estimates the means, z and x, both conditional 
upor the opening futures prices and previous 
years’ yields. This conditional mean-variance 
fron-ier describes the mean-variance trade-off 
with complete annual revision of the cropping 
pattern. This is not strictly true for Kern 
Couaty because much of the cost of growing 
alfala is the establishment of stands that can 
last Five years. Nevertheless, the conditional 
frontier is a better estimate of the choice set 
than the unconditional frontier which would 
be a»propriate if all the crops had to be as- 
signed the same acreages year after year. The 
remainder of this section reports the crop and 
futures equation. 


Crop Equations 


Because data on inputs are sparse and the cost 
data are often crude, crop quasi-rents were 
predizted from linear regression on a constant, 
expected cost and the product of expected 
yieldz and expected price. There is a futures 
price for cotton for the whole period and 
potat»es for half the period, so price expecta- 
tions for these crops are taken as the futures 
price times a constant to account for back- 
wardation. For the remainder of the period for 
potatoes and for beets and cottonseed, a lag- 
ged p-ice times a constant to account for infla- 
tion is used. For alfalfa and barley, the wheat 
futures is used with a constant to account for 
the relation between wheat and the other crop 
price and for backwardation.* Thus, the re- 
gression coefficient on expected revenue con- 
tains doth the effect of revenue on quasi-rent 
and the effect of backwardation, inflation, 
etc., Cn price expectations. A dummy variable 
was included in the potatoes regression to ac- 
count for the two different estimates of price 
expectations. 

Tatle 1 contains the definition of the vari- 
ables and their sources. Preliminary investiga- 
tion did not give the expected signs on the 
sugar beet equation so that the equation was 
split into separate cost and revenue equations. 
After 2stimation, this cost equation was sub- 
tracted frem the revenue equation to provide 
an unbiased, if not efficient, estimate of 7. 


* The problem with corn, which seems the more natural choice, 
is that it s harvested too early in the season to be well-timed with 
respect t» the bulk of the alfalfa cutting or barley harvest. What it 
gains in closeness as an animal feed, it loses in timing. Note that B 
now cor.ains che constant of proportionality. 
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Both the alfalfe and barley quasi-rent re- 
gressions gave good fits and correct signs: 


Tayatfa = 79.53 + 7.63 РҮ; — .72 C°, 


(15.36) (0.94) (0.09) 
(5.18) (8.15) (8.07) 
where R? — .79; 
Trartey = 7.28 + 12.80 P*Y,* — .54 С°, 
(37.23) (2.49) (0.44) 
(0.19) (5.15) (1.24) 


where R? = .49. In both cases, the /-гайоѕ 
(first the standard errors and then t-ratios are 
reported in parentheses under the coefficients) 
for P*Y* were quite high, indicating success in 
predicting barley and alfalfa prices from wheat 
futures, but the magnitudes of the coefficient 
are uninterpretable because they contain the 
conversion from wheat to other crop price. 
The lagged cost coefficients should be close to 
and above minus one because of the slight 
downward trend in real costs, but in these 
equations the cost coefficients are a little too 
high. 

The cotton equation contains a variable for 
both predicted seed revenue (P*Y*, ,44), 
based on a lag, and lint revenue, based on the 
futures price (P*Y*s. int). 


TW Cotton. = 758.29 + .95 PY Lim 
(124.23) (0.11) 
(6.10) (8.32) 
+ 1.49 P°Y°, seg —3.66 С°, 
(0.41) (0.42) 
(3.63) (8.82) 


where R? = .89. Although all coefficients were 
of the right sign and significant, the expecta- 
tion that the coefficient of P,Y*, ;;,, would be 
greater than one (a change in price would in- 
crease both yield and price and backwarda- 
tion) was not borne out, and the coefficient on 
the cost variable was too low. Nevertheless, 
the high R? and f’s make this a good equation 
for prediction purposes. 

Root crops are widely believed to be risky, 
and the equations for sugar beets and potatoes 
bear this out with large prediction errors, low 
R*, and a general lack of significance in the 
coefficients: 


Tipotatoes = 243.67 + .46 P*Y,* + .23 РҮ, 


(761.41) (0.12) (0.18) 
(0.32) (3.78) (1.23) 
+ 573.97 Dum — 1.16 С°, 
(310.27) (1.10) 
(1.85) (1.05) 
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Table 1. Definitions and Sources of Variables 
For Crop Quasi-Rent Equations 


C For each crop, deflated per acre variable costs 
from harvest and preharvest plus equipment and 
irrigation interest and depreciation, excluding 
charges for land. For alfalfa, 14 of the cost of stand 
establishment is included. 


С° Previous year’s cost. 

R Value of production divided by harvested acres, 
deflated. 

т Е- C. 

P*y,® Once-lagged, three-year moving average of yields 
per acre times a deflated futures price (for alfalfa 
and barley, 15 December price for September 
wheat; for cotton lint, 15 April price for December 
cotton; for potatoes, 15 January price for May 
potatoes only for 1969-1977). 

РҮ, Once-lagged, three-year moving average of yields 


per acre times once-lagged deflated price received 
by farmers (for cotton seed, potatoes, and sugar 
beets). 


DUM А dummy variable. 1 for 1963-1968, 0 otherwise. 





Sources: For revenues, yields, and prices, see Agricultural Com- 
missioner; for costs, see University of California; and for the 
California CPI, which is the deflator, see California Governor. 


where R? — 2235 


Rsugar beet; = 165.49 + .51 P*Y;*, 
(69.37) (0.21) 
(2.39) (2.50) 


where R? = .23; 


Cougar beets — 36.68 + .83 Cs, 
(28.48) (0.13) 
(1.29) (6.29) 


where R? = .59. 
Futures 


The futures strategies considered are those 
most appropriate to a grower: the sale or pur- 
chase at planting time of futures that mature 
slightly after harvest.5 Provision is made for 
trading after a prespecified price change as a 
crude way of accounting for limited credit and 
for a mean-variance decision maker’s dispro- 
portionate concern with large price swings. 
For both of these reasons, futures are imag- 
ined to be purchased with a stop-loss order 
varying between 4¢ and $1.00 per unit (pound 
or bushel). For example, 50,000 pounds (one 
contract) of cotton sold with a 25¢ stop-loss 
amount (SLA) requires a $12,500 line of 


SIf the decision process is viewed strictly as a one-decision 
point process, then the prices should all have the same date as 
the decision point. 
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credit. If the futures rises 25g, the contract 
would be repurchased. These stop-loss orders 
alow the construction of complicated strate- 
gies that start speculative and end as hedges 
such as two long contracts with a 10g stop loss 
and one short contract. On a price rise, the 
pcsition remains net one long; on a price fall, it 
reverts to one contract short (and a loss of 10g 
per pound times two contracts or $10,000 for 
cotton). 

The mean and variance of holding futures 
were estimated by linear regression of futures 
gains on a constant and are reported in table 2. 
The Keynes-Hicks theory of backwardation 
wizh the ‘‘Cootner wrinkle’’ holds that during 
the period consumption comes from storage, 
the price of futures should rise, effecting a risk 
premium paid by storers to speculators. The 
regression results show this risk premium as 
an expected loss to the short position. The 
lack of significance (low f-ratios) was cited as 
evidence against the Keynes-Hicks-Cootner 
theory by Telser and others. In this formula- 
tion, high t-ratios would imply almost certain 
profits from holding a long position, so the low 
t-ratios are almost expected. Adding other 
variables, such as planting intentions or open- 
ing price, does not improve the predictive 
power of the equations. 


Empirical Results 


We used quadratic programming to construct 
the mean-variance frontier from the estimates 
of mean and variance constructed above and 
the opening futures prices for 1978. This sec- 
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tior. describes the cropping plans and futures 
holdings along this frontier. It gives two ways 
of choosing a point on the frontier and evalu- 
ates the effect of fixed debt on the optimal 
choice. It shows that the benefits of simulta- 
neous choice of crops and futures are quite 
large and that the simultaneous choice has a 
large effect on the amount of hedging. Finally, 
it sows that the price of hedging is a sig- 
nificant determinant of the amount hedged and 
that forecasting can make a difference. 


The Frontier 


The mean-variance frontier starts with less 
risk and moves to more risky crops while 
going from hedge to speculative futures posi- 
tions. The quadratic programming results 
show that at low mean returns (about $120 per 
acre), cotton and alfalfa are grown; about 16% 
of tre cotton is hedged against a price drop of 
more than 25g per pound. Although barley is 
also a low-risk crop, it is omitted from the 
port olio because it was projected to cause 
losses in 1978. Moving up the mean-variance 
fron-ier entails substituting sugar beets for the 
cotton and changing the futures position to a 
more speculative stance. In the data, going 
long in cotton has an expected positive return 
and a mean-variance trade-off somewhat 
comparable to growing sugar beets; so, by the 
time mean income reaches $200 per acre, the 
futures position is to speculate in cotton. The 
positions advocated in the sugar beet portion 
of the mean-variance frontier are suspect be- 
cause of two peculiarities in the data: (a) the 
cost of growing sugar beets is suspect and 


Table 2. Regression of Gains from Holding a Futures Contract on a Constant Term 











Stop-Loss Expected Standard 
Codz Commodity Position Limit Return Error t R? 
(1978 cents per pound or bushel) 

SCOT10 Cotton Short 10 —2.13 10.81 0.200 0.003 
SCOT25 Cotton Short 25 —7.70 14.84 0.520 0.020 
SCOTS0 Cotton Short 50 —9.13 16.78 0.540 0.020 
LCOTIO Cotton Long 10 10.08 14.65 0.690 0.040 
LCOT25 Cotton Long 25 3.19 17.15 0.190 0.003 
SPOT4 Potatoes Short 4 —0.90 1.77 0.510 0.020 
SPOT10 Potatoes Short 10 —0.41 1.43 0.290 0.006 
LPOT4 Potatoes Long w of —0.60 1.60 0.380 0.010 
LPOT10 Potatoes Long I0 —0.47 1.47 0.320 0.008 
SWHT25 Wheat Short 25 — 19.06 28.80 0.660 0.030 
SWHTS0 Wheat Short 50 —6.26 43.78 0.140 0.002 
LWE'T25 Wheat Long 25 —30.27 31.01 0.980 0.070 
LWHTSO Wheat Long 50 0.48 0.96 0.005 0.000 





Source: Computed by Zellner’s Seemingly Unrelated Regressicn Technique. 
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probabiy too low (Thor) and (b) the sample 
wheat futures and sugar beet profits have the 
large correlation of —.5, leading to the cross- 
hedging of sugar beets in the wheat market. 
Although it is hard to accept the recommenda- 
tion that sugar beets be grown, = number of 
other crop combinatioas currently grown in 
Kern County could fill the expected high 
profit, mildly speculative niche: to name a 
few, carrots, garlic, soybean-barley double 
crop, tomatoes, and dry beans. 

The further reaches of the mean-variance 
frontier are characterized by a potato- 
cropping system. Because early potatoes are a 
very risky, perishable fresh vegetable, very 
few operators (34 in the Bank of America 
sample of 1,028 cited by Pope) grow them, 
although these growers are each so large that 
potatoes are the largest acreage vegetable in 
Kern county. Potatoes are not hedgeable be- 
cause the contracts traded are for Maine and 
Northwest potatoes and correlate almost not 
at all (—.01) with Kern potato profits. More- 
over, the trade between mean and variance is 
so extreme at the point on the efficient set 
where potatoes are grown that outright 


20.0 


2.0 


Variance of return x 109 (1978 dollars) 


140,000 


180,000 220,000 
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speculating in cotten—up to the available 
credit limit—is part of the efficient portfolio. 


Choosing a Point on the Frontier and the 
Effect of Debt 


The evaluation of risk is the choice of a point 
on the mean-variance efficient set, either by a 
utility function written explicitly in mean and 
variance or by safety-first criteria. For in- 
stance, letting M be the mean and V be the 
variance, In(M) — 100V/M? is a mean-variance 
function. Figure 1 shows the tangency of a 
level curve of this mean-variance utility func- 
tion to the mean-variance frontier at a mean of 
$175,050. So, an agent with this mean- 
variance utility function would select the 
cropping and futures plans associated with a 
mean income of $175,050. When the problem 
is altered to include a fixed debt load of 
$80,000 (1,000 acres at the cheap price of 
$1,000 per acre—8076— financed by a 10% 
mortgage), the optimal point on the frontier 
has mean $370,000. Another way to view 
mean-variance frontiers is to convert the 
efficient set to a safety-first statement through 








Indifference curve 


Mean 175,050 


Variance 1.698 x 10? 


300,000 340,000 380,000 


Mean return (1978 dollars) 


Figure 1. 
frontier 


An indifference curve of a mean-variance utility function tangent to the mean-variance 
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the Chebychev inequality, prob (Y « M — 
k, V) < 1/E, or a new variant {Berck and 
Hihn) of the inequality in terms of 
semivariance, SV, prob (Y < M — kV) < 
SV/ (kV). Using the semivariance 
Chebychev bounds, the probability of meeting 
a fixed payment of $80,000 increases as the 
mean return increases until the mean return is 
$233,000 and probability of success is 9395; it 
decreases thereafter. To break even (zero 
payment), the safest mean return is about 
$140,000. In these examples, which are two of 
many ways of selecting a mean-variance 
efficient point, fixed debt leads to the selection 
of riskier plans. 


Benefits of Diversification 


Ta»le 3 shows that adding activities to the 
choice set substantially reduces the variance 
that must be incurred to achieve a given level 
of mean income. A comparison of the first two 
columns of the table shows that adding other 
crcps (primarily sugar beets) to the alfalfa- 
cotton cropping system reduces thes variance 
for a given mean by about one-third. For in- 
stance, at a mean income of $115,700, the 
cotton-alfalfa system's variance of income is 
2.27 x 10°, while the all-crops system's vari- 
ance is only 1.44 x 10°. Similarly, а compari- 
son of the columns labeled ‘АІ Crops” with 
tha: labeled ‘‘All Crops and All Cotton Fu- 
tures" shows that for all but extreme mean 
returns, the addition of both speculative and 
hedging possibilities in cotton futures does 
very little to improve the mean-variance 
trade-off. Finally, comparing the last two ccl- 


$ Let x have the cumulative distribution F with mean i. 


SV = E (x — 3ydF. 


Table 3. The Mean-Variance Frontier for 
Four Activity Choice Sets, Computed 





All Crops 
Cotton And All All Crops 
Meaa and All Cotton and All 
Return Alfalfa Crops Futures Futures 
($ 1978) -----{Variance in 1978 dollars? x 10°)~---- 
97,250 1.577 0.999 0.934 0.520 
116,700 2.271 1.439 1.362 0.749 
175,C00 a 3.292 3.274 1.698 
194,000 4.505 4.49] 2.143 
320,C00 28.420 23.167 10.676 





? This mean cannot be achieved. 
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umas of the table shows that adding the 
other hedging and speculative possibilities— 
primarily wheat futures—again vastly de- 
creases the variance for given mean. This final 
dec-ease in variance, however, is at least par- 
tially based on the high (and suspect) sample 
covariance between the profits from growing 
sugar beets and a short position in the wheat 
market. The appropriate conclusion is that 
both diversification of crops and the adoption 
of complicated hedging strategies significantly 
imp-ove the mean-variance trade-off. 


Effect of Diversification on Hedging 


In eddition to improving the mean-variance 
trad2-off, the addition of activities to the 
choxe set also changes the cotton-hedging 
straiegy. The hedging strategy used by both 
PecE and Rolfo is based on the covariance of 
cotton and cotton futures. As shown in the 
first column of table 4, the strategy is to hedge 
8.995 of the cotton crop for points of the 
efficient set corresponding to a low mean re- 
turn and to decrease the hedge to zero for high 
meaa3-return points. Comparing the first col- 
umn of the table to the second column (labeled 
Alfafa, Cotton, and All Cotton Futures) 
shows the effects on the futures positions of 
alloving complicated hedging strategies with 
stop-loss orders and of including the co- 
varience of the futures with alfalfa quasi- 
rents. The correlation with alfalfa increases 
the size of the hedge because the cotton hedge 
is negatively correlated with both cotton and 
alfalfa quasi-rents. The columns labeled ‘‘Ini- 
tial" and ‘‘Deep Hedge” refer to the position 
takem on planting and the position taken when 


Table 4. Percentage of Cotton Hedged by 
Mean Return For Three Sets of Activities, 
Comouted 











Cotton Alfalfa, 
and Cotton, and All All Crops and 

SCOT50 Cotton Futures All Futures 
Mean Initial Deep Initial Deep 
Returr Hedge Hedge? Hedge? Hedge? Hedge? 
116,70) 8.9 11.3 11.3 —8.4 6.1 
155,00) 8.9 -1.7 99.5 —8.4 6.1 
175,00) 1.4 —30.5 116.1 —10.4 3.3 
194,00) е —32.9 136.2 —12.6 5.4 





Note: Hegative signs indicate a long or speculative position. 
? Position taken before any price chaages. 

> Position taken on 25¢ price drop. 

* This mean cannot be achieved. 
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prices fall by 25g, respectively. Futures posi- 
tions that begin long but revert to a hedge on a 
large price fall allow speculation without the 
risk of large losses. When crops other than 
cotton and alfalfa and futures other than cot- 
ton are added to the crop mix, the last two 
columns of table 4 show the hedging strategy 
in cotton. Even at low mean returns, the initial 
position is now speculative, but the position 
after an adverse price fall is now only a mild 
hedge, less in fact than the Peck-Rolfo hedge. 
Apparently, other futures and other crops are 
more effective in diversifying the risk of the 
cotton-alfalfa system than are the cotton fu- 
tures. Indeed, as this example shows, the 
choice of futures holding in a mean-variance 
framework is very sensitive to what activities 
other than own-crops and futures are included 
in the portfolio choice set. 


Price of a Hedge 


The price or ''risk premium” of a hedge is the 
expected loss from selling the futures. A short 
position in cotton loses 9.3¢ per pound or 
about half of the per pound profits of growing 
cotton. The demand for hedging can be traced 
out by varying its price or risk premium and 
recording the consequent demanc for hedging. 
In a $124,000 expected income plan in which 
only cotton and alfalfa are grown and the only 
future is the hedge SCOTSO, a 1g change in the 
risk premium results in a 9/10% change in the 
percentage hedged. If the hedge were costless, 
the percentage hedged would double; but it 
would still be quite low. More complicated 
hedging strategies require a decrease in the 
profitability of the long position at the same 
time the ''risk premium” of shcrt position is 
decreased so that there are no certain profits 
from taking offsetting positions. Figure 2 
shows the demand curves for hedging cotton 
in an all crops and futures activity choice set 
except LCOT10, SCOT10, and SCOT25. At 
an expected return of $155,602, the hedge 
more than doubles if the risk premium is 
eliminated, while at an expected return of 
$194,500 the ratio is closer to fifteen times. As 
these experiments show, the size of the risk 
premium has a large effect on the percentage 
of the crop hedged. 


Forecast 


This model does not do justice to forecasting 
because the futures price is used to forecast 
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crop prices. A prediction of a smaller loss than 
the model predicts is а narrowing of the differ- 
ence between the observed futures price and 
the expected price at the settlement time and 
is analogous to a prediction of a lower cash 
price than is predicted in the model. It leads to 
a greater hedge position (see fig. 2). 


Conclusion 


The empirical section verifies what the theory 
section postulates—that the costs of hedging 
and the opportunity to diversify risk by grow- 
ing other crops substantially change the opti- 
mal hedge and opportunity set for California 
farmers. Although commodity exchanges 
want the additional hedging volume that could 
be generated by farmers, educating cotton 
farmers will not produce such additional vol- 
ume: the price of hedging is high enough so 
that storers of cotton who have no yield risk 
find hedging worthwhile, but producers whose 
yield risk makes this insurance imperfect find 
the price too high. 

Because this paper considers only a plant- 
ing-time hedge, it leaves unsettled the op- 
timal path for a hedge to take between planting 
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and harvest. Át planting time, there is yield 
risk. As the crop year progresses, that risk is 
resolved until, at harvest, the producer has no 
yield risk. He is just the same as any other 
storer. It is reasonable that the hedge should 
evolve over the crop year from that appropri- 
ate to a producer to that appropriate for a 
storer. The mathematical tool for investigating 
the influence of new information on hedging is 
open-loop control which is well known. How- 
ever, there is a twofold empirical problem: 
(a) constructing a yield prediction model that 
is updated as the crop progresses and (b) con- 
structing a price prediction equation not 
wholly dependent upon the futures price. Such 
a model can point the way to the profitable use 
of futures by farmers. 


(Received May 1980; revision accepted 
February 1981.] 
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Empirical Analysis of Soviet Agricultural 
Production and Policy 


Michael L. Wyzan 


This paper employs productior. function ana_ysis to examine a number of pivotal issues 
concerning the Soviet agricultural sector. Estimates of three input translog production 
functions for five agricultural commodities grown in the Soviet Union from 1960-76 are 
reported. These results are used to draw inferences on such matters as the rationality of 
Soviet agricultural factor pricing, the nature of agricultural returns to scale in the USSR, 
and the scope of factor substitution in that country. The empirical evidence suggests that 
Soviet decisions in the sphere of agricultural production, contrary to the conventional 


wisdom, are well-founded technologically. 


Key words: kolkhoz, New Lands Program, partial elasticity of substitution, pooled 
cross-section time-series data, returns to sczle, Soviet Union, sovkhoz, specification 


error. 


The estimation of production functions is in 
many instances a powerful tool for examining 
important matters of economic po'icy. In this 
paper, three input translog production func- 
tions are estimated for five Soviet agricultural 
commodities. The estimation is performed on 
a data set gathered by the author from official 
Soviet statistical publications. The data con- 
tain information on output, land, labor, and 
capital, measured in physical unis, covering 
grain, sugar beets, cotton, potatoes, and veg- 
etables grown in the Soviet Union during the 
seventeen-year period, 1960— 1976. 

The results are used to draw inferences con- 
cerning various important aspects of Soviet 
agricultural policy. Although outputs are de- 
rived from inputs within a grea: variety of 
institutional structures (Western market orien- 
tation, Soviet command mechan:sms, Yugo- 
slav self-management, and so on), all such 
schema are ultimately constrained by the 
physical technology of production. 

Accordingly, the rationality of Soviet factor 
pricing can be examined by looking at produc- 
tive relationships in purely physical terms. Be- 
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cause the idiosyncracies of Soviet factor pric- 
ing always result in prices which are ''too 
low," we would expect certain factors to be 
relatively **overused." Hence, it might be as- 
serted that the more the pricing of an input 
deviates from neoclassical input pricing, the 
likelier it is that its marginal product will be 
insignificantly different from zero. Evidence 
relative to this hypothesis is presented below. 

As a second example of the relationship be- 
tween productive technology and economic 
policy, we might consider returns to scale. It 
has been common in the literature on Soviet 
agriculture to assume that the Soviet penchant 
for large farms is unjustified on technological 
grounds; that is, that returns to scale in ag- 
riculture are generally rather small (Bradley 
and Clark). Yet evidence as to the actual mag- 
nitude of scale effects has rarely been pre- 
sented; such evidence is reported in this pa- 
per. 

Results also are presented concerning the 
nature of factor substitution in Soviet agricul- 
ture. Previous work on Soviet productive 
technology has indicated that factor substitu- 
tion in the Soviet industrial sector is quite 
limited (Weitzman). Our findings for the ag- 
ricultural sector are interesting not only in 
comparison with these results, but also be- 
cause they have important implications for 
evaluating certain specific Soviet policies. 
These include the New Lands Program of the 
Khrushchev era and the impact of the intro- 
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duction of new vintages of equipment on fac- 
tor productivity. 

The paper is organized as follows. The first 
section is a discussion of the data set and some 
reated econometric matters. The second 
briefly describes the properties of the translog 
production function. The third section pre- 
seats the results and outlines their implica- 
ticns for a variety of policy issues, and the last 
provides some concluding remarks. 


Data and Econometric Considerations 


Because the data set was gathered by the au- 
thor, innumerable matters concerning its for- 
mat and peculiarities might be mentioned. 
Considerations of space preclude all but the 
mcst cursory description thereof. The data 
were obtained at the Foreign Demographic 
Analysis Division (FDAD) of the U.S. De- 
partment of Commerce. FDAD maintains an 
outstanding collection of official Soviet statis- 
tical publications on the Soviet Union and 
Eastern. Europe, without which empirical 
work on this vital geographical arez would be 
quite difficult. 

As mentioned in the introduction, figures 
are available for five crops, grain, sugar beets, 
cotzon, potatoes, and vegetables. Other crops 
(especially sunflowers, flax, and fodder crops) 
and livestock products are not included be- 
cause there are no published data on labor 
inputs into their production. The data on each 
cro» are in the form of a pool of cross- 
seczional and time-series observations, with 
each time-series covering some fraction of 
(and in some cases, all of) the period, 1960— 
1975. The cross-sections are formed by union 
republics (of which there are fifteen) and 
sometimes also by types of enterprise (collec- 
tive farm or state farm) within republics. Be- 
cause of the uneven availability of the requi- 
site figures, the time-series are of varying 
lengths, ranging from a full seventeen years 
for grain in the Russian republic to seven years 
for cotton in Turkmenistan. In total, there are 
999 cases, 323 for grain, 199 for sugar beets, 
101 for cotton, 229 for potatoes, and 147 for 
vegetables.! 


! An appendix detailing the data-gathering process is available 
upon request from the author. See Wyzan, chap. 2, on which this 
discussion is based. The crop categories sugar beets, cotton, and 
potatoes are homogenous; "grain" consists primarily of whea, 
barley, oats, rye, corn, pulses, millet, rice, and buckwheat. '' Veg- 
etables’’ are composed mostly of cabbages, tomatoes, cucumbers, 
onions, carrots, and bee:s. 
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£]l data come directly from official Soviet 
statistical publications, either national or re- 
putlican, and are not qualitatively adjusted 
(the most recent national publication is Tsent- 
ral'noe Statisticheskoe Upravlenie). For out- 
put and all inputs, the figures are broken down 
by crop, year, republic, and, generally, type of 
Ғагг1. Land is measured in thousands of hec- 
tares of ‘‘sown area," defined as the produc- 
tive area in the spring, as recorded at the end of 
the spring sowing. A word is in order on varia- 
tion in land quality across republics, a phe- 
nomenon expected to be quite important in 
such a large country. It was stated above that 
non2 of the data is qualitatively adjusted. Two 
pieces of evidence may be cited in support of 
our decision not to adjust the land data. First, 
regional dummy variables included in esti- 
mated (translog) production functions all 
prove to be statistically insignificant for every 
crop. Second, Clayton (p. 453) reports that 
her own qualitatively adjusted Soviet land 
data, when employed in an aggregative pro- 
duction function, give insignificantly different 
resu.ts from unadjusted data in that function. 

Labor inputs are measured in thousands of 
man-hours, similarly broken down. The statis- 
tical publications provide these numbers as 
labo- intensity data—man-hours per unit of 
output. Data on labor inputs are easily ob- 
tained by multiplying the intensity figures by 
an eppropriate physical weight measure of 
outpit. Output figures are available in thou- 
sands of metric tons. | 

Capital services are measured by proxy. No 
crop-specific Soviet capital data are available 
or heve even been suggested by previous stud- 
ies. .n work in other areas, electricity usage 
has served as a proxy for capital, under the 
(plausible) assumption that the flow of capital 
servizes is in roughly fixed proportion to the 
use of electricity in a given time period 
(Mocdy). In this study, because electricity 
data, broken down by crop, are unavailable, 
the rumber of a certain type of machine in 
existence in each year serves as the proxy. 
Grair combines serve this purpose in grain 
cases, cotton machines in cotton cases, and 
tractors in all other cases. A good argument 
can be made for machine numbers being a 
reasonable proxy for the entire input of capital 
into the production of the respective crops.? 


2 Tractors are used in vegetable cases because there seems to be 
no piece of capital equipment specific to their production. Al- 
though some figures are available on beet combines and potato 
combines, such data cannot be obtained for all cases. In the 
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Before moving on, two econometric matters 
deserve mention. The first comes under the 
general heading of specification 2rror, and, 
more specifically, the measuremert of capital 
by proxy and the omission of some important 
inputs, such as fertilizer, irrigatior, and seed. 
The second concerns the fact that the data set 
is what might be called an unmatched” pool 
of cross-sectional and time-series observa- 
tions. 

In the following discussion, it is assumed 
that we are dealing with a log-linear functional 
form, such as the Cobb-Douglas or translog 
function. The specification problam may be 
summarized by noting that instead of having 
available the correct Txk matrix of observa- 
tions on k independent variables, X, we have 
Z. The latter is a matrix differing from X either 
in dimension, if there are observations on 
fewer than k regressors, or in the numbers in 
one of its columns, if one of the regressors is 
measured by proxy (among other reasons), or 
both. It is well-known that the estimated 
coefficients of the z's are biased and inconsis- 
tent estimators of the true coefficients of the 
x's (Griliches). 

Let M be the proxy related to the true mea- 
sure of capital services, K, by 


(1) M = K0 + e, 


where @ is a fixed but unknown parameter and 
e is a vector of well-behaved disturbance 
terms. As just noted, the use of M biases the 
estimates of the output elasticities of all the 
inputs. However, it has been shown that the 
asymptotic bias to our estimates of the output 
elasticities of land and labor caused by using 
M is less than that caused by no: having any 
measure of K at all, under most circum- 
stances. These circumstances include 
whenever land and labor are measured with- 
out error, as well as cases in which they are 
inaccurately measured, but the output elastic- 
ity of capital is not ‘‘close’’ to zero (Barnow, 
Aigner). Because we have reasan to believe 
that our land and labor data are relatively ac- 
curate, and because the conventional wisdom 
on proxy variables is to include one when you 
have it, we seem to be on firm ground in our 
use of a proxy. 

We turn next to the question cf missing in- 
dependent variables. If there is just one omit- 
ted variable, say, fertilizer, the bias to the 
absence of the knowledge of an equivalency factor between trac- 


tors and the relevant type of combine, it was deemed best to us 
tractors everywhere. ` 
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estimated output elasticity of each input is the 
product of two numbers. The first is the re- 
gression coefficient on that input which would 
result if fertilizer were used as the dependent 
variable in an "auxiliary" regression on the 
other three inputs. The second is the output 
elasticity of fertilizer in the correctly specified 
production function. 

If we are safe in assuming a positive output 
elasticity for fertilizer, the correlation between 
a particular input and fertilizer inputs deter- 
mines the sign of the bias to the estimate of the 
output elasticity of that included input. In a 
time-series data set, of course, correlations 
between independent variables depend upon 
whether the given variables are growing, de- 
clining, or remaining unchanged. In this par- 
ticular data set, land inputs remain fairly un- 
changed over the period, labor inputs decline 
at about 2% annually, and capital inputs rise at 
approximately 5⁄2% per year. Deliveries of 
fertilizer grew at a fairly rapid rate. We there- 
fore expect the output elasticity of capital to 
be overestimated, that of labor to be undere- 
stimated, and little bias to the estimated out- 
put elasticity of land. 

Fortunately, we do have some evidence to 
corroborate these conjectures. All of the pro- 
duction functions reported below were esti- 
mated with and without a time index denoting 
neutral technical progress. The inclusion of 
such a term should take account of some of the 
effects of excluded inputs, the applications of 
which have been growing over time. In fact, 
the notion of technical progress may be merely 
a convenient way to capture the effects of the 
absence of some inputs and the mismeasure- 
ment of others (Griliches and Jorgenson). 
Evidence reported below is highly supportive 
of these assertions. 

A word is also in order on the status of the 
data set as a pool of cross-sectional and time- 
series observations. As noted above, the data 
set on each crop consists of a group of con- 
catenated time series of varying lengths. Each 
series consists of observations on a particular 
republic and covers a period which varies in 
length from seven to seventeen years. For 
nine of the fifteen republics, there are two 
such series, one for collective farms and one 
for state farms. 

Ideally, one would employ the seemingly 
unrelated regressions technique, with each re- 
public as a separate equation, and use the re- 
sults to test whether or nor pooling the data is 
statistically justified. If it is decided to pool the ` 
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da:a, further statistical means can be used to 
take into account various disturbance struc- 
tures. Unfortunately, the usual methods of 
do_ng this are unavailable when the time series 
arc of different lengths (Zellner).? in the end, 
therefore, the entire group of observations on 
a crop, with no account taken of the particular 
year, republic, or type of farm which a particu- 
lar observation represents, is used ‘п the esti- 
mation of the production function for that 


crep. 


The Translog Production Function 


The three-factor translog production function 
employed in this study is written, 


(2) Iny;. b, + Бак, + bnL, + Ё.К, 
+ b,(InR;? + bs(InL;) + b(1nK)? 
+ b,(InR;)(InL;) + bg(InPj) (InK,) 
+ bg(InZ;)(InK;) + є, 


where the subscript i indexes a particular ob- 
servation, y is output, R is land, L is labor, А 
is capital, and e, the vector of disturbances, 
satisfies the usual conditions (Berndt and 
Christensen). Results using th» Cobb- 
Douglas, constant-partial-elasticity-of-substi- 
tution, and transcendental production func- 
tions are contained in Wyzan, appendix 2. 

Although it also can be viewed as an exact 
representation of the productive technology, 
the -ranslog function is best seen as a second- 
order Taylor series expansion around the 
means of output and of each input. It is chosen 
because it allows the researcher to estimate 
the aature of returns to scale and factor sub- 
stitution, instead of imposing a prio-i restric- 
tions on them. Furthermore, regions with 
nonconvex isoquants (noneconomic regions) 
exis: whenever any coefficient b; (i=4,...,9) 
is estimated to be significantly different from 
zero. (If none is, the function reduces to the 
Cob>-Douglas form.) Finally, neutral techni- 
cal progress is easily taken into aczount by 
letting 


(3) 


? Actually, Schmidt has show: that it is possible tc get satisfac- 
tory results by ignoring the "extra" observations when estimating 
the covariance matrix. The vastly divergent lengths of the time 
series within our data set precluded using this resu:t, however. 

4 Some problems with the translog function include the possible 
existence of multicollinearity among the regressors, specification 
error caused by the fact that it is only a second-orde- approxima- 
tion, and the fact that, like any Taylor series ехрапѕ оп around £ 
point, t may be a poor approximation to the true function far from 
that point. 


y = eYhiR,L,K), 
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where 


h = e oR rb lnR+b nL +bsink) p (bet bsiinL+b lnk) 
batb 
Kos anA 


and ! is a time index equal to 1 for the first year 
of tre data set, 2 in the second year, and so on. 
We can therefore estimate 


(4) шу = At + Inh.* 


Results and Analysis 


We turn now to the presentation and analysis 
of tae empirical findings. In table 1, the 
coeficients of the translog production func- 
tions estimated for each crop without a techni- 
cal progress term are presented. In table 2, 
similar results are reported for each crop, in 
this case with neutral technical progress taken 
into account. Table 3 reports the estimates of 
returns to scale and of each of the partial elas- 
ticities of substitution. o;i; refers to the partial 
elast city of substitution between inputs i and j 
(ij = R.L,K, i#j). The figures refer to the 
mear values of these effects, found by first 
evaluating the relevant effect at every point in 
the data set on a crop, and then determining 
the arithmetic mean of these calculations. 
Thess elasticities are of the Allen-Uzawa vari- 
ety and are calculated according to a formula 
given by Berndt and Christensen (p. 97). 

The estimates shed light on a number of 
interesting policy questions. Before exploring 
these areas, a couple of technical matters de- 
serve mention. First, recall that if none of the 
coefficients b4, . . . bg, is estimated to be sig- 
nificantly different from zero, the translog 
function reverts to the Cobb-Douglas func- 
tion. Note from table 2 that, for grain and 
sugar beets, (when technical progress is in- 
cluded), none of these coefficients is sig- 
nificaat. In the cases of the other three crops, 
at least one such coefficient is significant. This 
may be taken as evidence that the translog 
function is not always (for all crops) superior 
to the Cobb-Douglas function. One must keep 
in miad, however, that multicollinearity un- 
doubtedly has raised the standard errors of the 
coefficient estimates. For this reason, in addi- 
tion to the numerous advantages cited above, 
the translog function remains our preferred 
functional form. 

Second, it is useful to compare the esti- 
mated coefficients on the logarithms of land, 
labor, and capital for each crop between the 


Soviet Agricultural Production and Policy 479 


Wyzan 


*; XOPUL SUNT} əy} uo 0919902 aq) SI Və 
эјшәошэоо pojeurjsa yove Ao[eq $әзәцүиәтей ш әле 821}518]8-/ q 

60: 1e JUROYIUSIS 51 1 PEY $игәш ouo [07 je 302011015 51 10$$ә18әл эці JEY} U£9UI $х$Пә15@ OML e 

"uo os pue “лоду pue PUL Jo $30] əy) Jo ponposd əy} uo juorogaoo eq Zunou 

-ap (10907.риот) pue ‘endeo Jo Зор əy} Jo e1enbs ei uo juoroggeoo IYI Sunouep (102002) 'sdurexo 10j ‘ум “әдепел JULAI эці јо urgjure8oj oq 0} s19jo1 uum][oo Yous Jo Зшреәц eu] :930N 











(£0 (12%?) (001-) (FE T-) (977) (во) агр (809 (680) (85—) (Le'£-) 
81° xx9Z0" 061" 9Ly — 98b — 2615" 4I8€ c 4605 #886" ISU- —— 6I£— se|qe1989A 
(892 (v60—) (£€1—) (868^) (S77) (880°) 0911-) (0S) (6) (LC —) (c8z—) 
708 «LIO szo — Sep — UU «L8C 290— GET — 99 x GL" #00:— —— 9LL— səood 
(99°L) (0/Е`—) (шл) (TET) (psz—-) (00%-—) (0#1—) (6007) (£c €) (26:9) (V£'9—) 
риб" +610" 8L0 90" 0192 ӘТ RZ — I6DI- 100° 4x €6T #691 «581 — 70102 
(£c8) (£r 1—) (LT) (1617—) (991-)  GLL) (889-—) (и) (1500 (єє) (0187—) 
069' ««£S0' ESE’ — 99r" 01" orz = PIC HIT- €I0' +206" SE0'— 6 — 581994 1e3ng 
(079) (ӮӮ67) (1271-) (vb9") (2817) (166) zr) (68'S) — (v6L) (819) «(189—) 
699° axbZ0" gst’ zs" 9LC 790° — 8907 291: +9619" O0" 44919" vaxLGU — ше 
a ox Teudep,joqeyT епдео,риет  JoqeT,pueT дїў шот рт deg 120987 pue] 1doo1oju] doi) 





Jo syualoyjooa 


_-——————-—————————————-————-—-—-————__—Є——— 


ssa1go1g [eorugoo], YA synsay Soysuvry, °* AQEL 


‘JUDIOYJ90O pojeuiso t[oe9 Mo[Iq sesoqjualed ur әле SONSNEIS-1 q 

"go зе jueogIUSIS 51 и Jey} sueour ouo :10: je JUVIYLUJIS 51 105591891 JYJ JE) ПЭШ SXSIIOJS? OA, c 

"uo os pue “оду pue рие Jo s3o[ oq) Jo jonpo1d əy} uo уиәтої1дәоэ aq) 3urousp 

(10997,рирт) pue ‘erdes jo Boy əy) Jo orenbs эчу uo зшәощјәоо ay} 3urjouop z(]071dp;)) ‘әјішехә 10] ‘Цим *epqeueA JUVA IY} Jo WYILIeTO] ei) 0} S197391 uuinjoo YILI Jo Surpeou au] OJON, 











($85) (198'—) (851—) (Le t) (6070 (125) (196) (81°01) 250) (F8'5—) 
0с1` 897 Ocr — $89'— жжРЕДГ *10ў` coc" ++900T +698" 900° xxVS0 — S9[q91939 A 
(£0£—) (519'—) (008) (16') (cor —) (8@1—) (€0°€1) (26`8) (€20°) (688`—) 
96L' ISU- LOC — 8ST **©9Є` 990`— L9c — **018` COL 700° 10°— 59032104 
(68) (8D (107) (€ (961—) (18) GTT) (9970 (8,9) 02 
L06: cec Oss” Test aaP9T — 4SSET— £89'- c90* + LOE +*8Є6` „*9©0` чозо2) 
(LUI) (079°) (prt —) (2971) (Scy) (£6 —) (10:6) aep (#071) ($0, —) 
8LS° por — LEC 1607— S97 LET 99t-— xxt SL xxv 897 Ir S10 '— 57994 10815 
(891) (с9@`—) (S81) (80 (0517) (6271) GLT) (6Є°1—) (p9°S) «(LCC—) 
619° 96C xxSv8 — ¥80° xxLOC 610* ү xxL69 6907 — ежж96б©” ee £0" — шегу 
P [e11de ,1oqe7T [ее „рие loqeT,pue'T adeo г109°71 {рче т Teide одет роет 3deo1eju[ dor) 











jo sjues[ geo) 


aan с. —ь—єє———— ———————————— —————( = —_———_ 


$5әл8од{ [ENUYE OYA SIMSI go[sue1]  '[ AQEL 


Wyzan 


(sugar beets, potatoes, and vegetables) have 
negative elasticities of land—an impossible re- 
sult when an optimizing land purchaser faces 
positive rents but quite possible here. Farms 
are so large and generally grow such a variety 
of crops that land inputs to a particular crop 
can increase considerably and, perhaps, inor- 
dinately. This may well have heppened for 
these three, not usually land-intensive, crops. 

Capital pricing is a complex matter, inter- 
mediate in ''rationality" between labor and 
land pricing. The extension of credit to farms 
has grown in recent years, and physical capital 
services are a component (if an arbitrarily cal- 
culated one) of cost (Morozov, pp. 99-101). In 
our results, capital has a positive elasticity for 
all crops, but an insignificant one for sugar 
beets and cotton. This intermediate finding for 
capital correlates well with the intermediate 
rationality of capital pricing. In sum, our hy- 
pothesis seems to be well-founded. 

Another interesting matter is the question of 
the estimated mean returns to scale, as re- 
ported in the first column of table 3. They are 
surprisingly large, being greater than one for 
all crops but sugar beets. In fact, the crops 
exhibiting the largest scale effects are vegeta- 
bles and potatoes, two commodities not gen- 
erally thought to be characterized at all by 
increasing returns. 

Our data set, being essentially an aggrega- 
tive (over farms) time series, is less than ideal 
for measuring returns to scale. Care must be 
taken in interpreting these results, because 
larger input vectors may only mean a larger 
republic (in a cross-sectional context) or 
growth due to addition of new farms (in a 
time-series context). Even so, est:mating scale 
parameters from aggregative data sets is 
hardly unusual in economics. These results 
are interesting, especially in view of the asser- 
tion of Bradley and Clark that, despite Soviet 
attempts to do so, farms cannot be run 
efficiently on large scales imitative of indus- 
trial enterprises. They cite as evidence several 
factors, all of which center on the difficulty of 
supervising a large labor force in an agricul- 
tural setting. These include the sequential na- 
ture of production, the fact that -he results of 
work in the planting stage cannot be observed 
until several months later when it is difficult to 
determine responsibility for failure, and the 
physical dispersion of tasks. Our finding of 
high estimated returns to scale in Soviet ag- 
ricultural production must be taken as evi- 
dence against the Bradley-Clark hypothesis. 
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The next topic is the mean estimated partial 
elasticities of substitution ("substitution elas- 
ticities’’), presented in table 3. These esti- 
mates, as is well-known, have major implica- 
tions for the potential growth of the output of 
the crop to which they apply. Since the weight 
of each input in the (percentage) growth rate 
of output is its output elasticity, it is of interest 
to know what happens to these output elas- 
ticities as relative factor intensities change, 
knowledge derivable from the partial elas- 
ticities of substitution. 

If the partial elasticity of substitution be- 
tween any two factors is between zero and 
one, the size of the output elasticity of the 
faster-growing factor relative to that of the 
other factor decreases. The opposite pattern 
of change occurs under two circumstances. It 
happens when the partial elasticity of substitu- 
tion between two inputs exceeds one; in this 
case, the relative increase in the usage of the 
faster-growing factor is larger than the relative 
decrease in its marginal productivity. It also 
occurs when the partial elasticity of substitu- 
tion is negative (the factors are complements). 
Here, the relative marginal productivity of the 
faster-growing factor actually increases with 
its relative usage. 

Weitzman (and others) have found in two- 
input studies that a low (positive) elasticity of 
substitution between labor and capital exists 
for the Soviet industrial sector (Weitzman). 
When this result is combined with the fact that 
capital inputs are growing rapidly while labor 
inputs are (at best) stagnant, a relative decline 
in the output elasticity of capital is implied. 
Hence, capital's contribution to output growth 
shrinks as production becomes more capital- 
intensive; while labor's weight rises, future 
growth of labor resources is unlikely under 
present Soviet demographic conditions. All of 
this bodes ill for future industrial output 
growth. 

Can similar results be found for the agricul- 
tural sector? We know that capital inputs to 
this sector have been rising fairly rapidly, 
labor inputs declining slowly, and land inputs 
have been fairly unchanged. Note from table 3 
that twelve of the fifteen substitution elas- 
ticities are either greater than one or less than 
zero. Because such elasticities imply a rising 
output elasticity for the faster-growing factor, 
the prognosis for future Soviet agricultural 
output growth seems quite favorable. 

The substitution elasticities reported above 
tell us that the output elasticity of capital, for 
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all crops but sugar beets, is expeczed to rise 
relative to both land’s and labor’s. For grain 
and potatoes, a further boost to output growth 
occurs because land's output elasticity is ris- 
ing relative to labor’s. As it turns cut, an op- 
timistic prognosis for the growth of output 
exists for all crops except sugar beets, where 
low positive mean оқ and св signal the as- 
cendancy of labor's output elasticity relative 
to those of the other two inputs. This generally 
favorable forecast is more than a little surpris- 
ing. 

A number of other observations might be 
made concerning the substitution e_asticities. 
The high substitution elasticity between land 
and labor in grain production is especially in- 
teresting in the light of the New Lands Pro- 
gram of the Khrushchev era. This program 
was characterized by the sowing to grain of 
immense tracts of previously uncultivated 
land in Kazakhstan (Central Asia). It perma- 
nently changed the regional distribution of 
Soviet grain production, as evidenced by the 
fact that, in 1979, the grain harvest in 
Kazakhstan, for the first time ever, exceeded 
that of the Ukraine, the traditional Soviet 
“‘breadbasket.”’ 

Tne New Lands Program may be seen, in 
part, as the substitution of plentifcl Central 
Asien land for scarce labor. It also was an 
attempt to increase production in areas where 
labor is more plentiful than in the Zuropean 
USSR (of which Kazakhstan is an example). 
As Gustafson has noted, "Khrushchev in his 
memoirs claimed that he too favored inten- 
sification [that is, a program of raising yields in 
the European USSR as opposed to opening up 
new lands elsewhere], but that the countrv 
lacked the necessary supporting :ndustrial 
base . . . and skilled manpower" (p. 48). Our 
finding of a high substitution elasucity be- 
tween land and labor in grain production dem- 
onstrates that this program was based on 
sourd technological grounds. This is another 
surprisingly favorable empirical find ng. 

Finally, one might speculate about why the 
output elasticity of capital, for all crops but 
sugar beets, has remained significartly posi- 
tive even as capital intensity has risen. The 
successive replacement of each vintage of cap- 
ital equipment (e.g., tractors) with an im- 
proved version may help to explain this occur- 
rence. Relative to the Tenth Five-Year Plan 
(1976-1980), Carey has observed, 


The retirement rate for tractors dropped sharply in 
1975. Lower retirement rates would allow faster- 
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tha3-normal expansion of [machine] parks despite the - 
slower growth of deliveries. Also the trend to larger 
tractors with greater horsepower and the recent in- 
trocuction of new combine models will allow parks to 
be qualitatively improved. (p. 592) 


Continuous improvement in the qualitative 
aspects of capital equipment may account, at 
least in part, for the presence of a high margi- 
nal product of capital for virtually every crop. 


Conclusions 


In this paper, estimates of production func- 
tions for five Soviet agricultural commodities 
have been presented. Some evidence on tech- 
nical questions, such as the possibility of using 
a technological change term to  unbias 
coeffcient estimates, has been presented. 
More important, empirical evidence has been 
reported on a number of pivotal questions of 
Soviet agricultral policy. In general, our 
findings are surprisingly supportive of the ap- 
propriateness of Soviet decisions; large farms 
do seem to be more efficient, land-labor sub- 
stitution is possible, and the outlook for output 
growth is good for most crops. This is true 
despite strong evidence of microeconomic ir- 
rationality in Soviet factor pricing. 

Tha last several years have been poor ones 
for Soviet agriculture, especially for grain 
(where there were very small harvests in 1977, 
1979, and 1980), and sugar beets (which have 
been disappointing in every year since 1977). 
The Findings of this paper suggest the follow- 
ing (tsntative) conclusion: Whatever accounts 
for tre dismal performance record of Soviet 
agriculture, its problems do not seem to be 
endemic to the technology of production. 

The search for an explanation must lead 
elsewhere, perhaps to that illusive and uncon- 
trollable, but extremely important, productive 
input, the weather. Meterological factors, 
subsumed in the normally distributed distur- 
bance term, may very well account for the 
extreme annual variation in Soviet crop (espe- 
cially grain) production. If so, and if, as sug- 
gested by the results of this paper, there are no 
obvios technological limitations which would 
make Soviet institutional choices inappropri- 
ate, then a major reappraisal of Western con- 
venticnal wisdom on this subject is surely in 
order. 


[Received August 1980; revision accepted 
January 1961.] 
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Multiattribute Utility Analysis: The Case of 


Filipino Rice Policy 


Gordon C. Rausser and Joseph Yassour 


Major uncertainties and ccnflicting objectives often arise in public-policy analysis. This 
parer advances a framework that is appropriate for public policy problems frequently 
encountered in agriculture and food systems. Among other possibE benefits, its principal 
value is to provide focus on the major conflicts, trade-offs, and suéjective perceptions 
among affected groups. It can be used to isolate major disagreemerts, needed empirical 
evidence, appropriate deg-ees of risk aversicn, equity value judgments, and consensus 
solutions. In an empirical setting, the framework is used to evaluate price policy for rice 


in tae Philippines. 


Key words: multiattribute utility analysis, Philippine rice system, public policy, risk 


aversion. 


Agricultural public agencies generally are 
charged with the responsibility for meeting the 
needs and desires of different groups. These 
groups include producers, consumers, the 
government, suppliers of inputs, interme- 
diazies (assemblers and distributors), and 
landowners. Hence, it is not surprising that 
these agencies have more than a single objec- 
tive by which to evatuate their effectiveness. 
The evaluation of trade-offs among the result- 
ing multiple objectives is confounded by major 
uncertainties found in most agricultural com- 
modity systems. Weather conditions, pests, 
and diseases introduce significant y:eld varia- 
bilizy. Frequently, low demand and supply 
elasticities compound the effect of such varia- 
bility on market price uncertainties. 

The purpose of this paper is to demonstrate 
empirically how a stochastic, multiple-objec- 
tive, decision-making framework can be oper- 
ationally useful for public agencies. The first 
part of the paper describes the general model 
for optimization under uncertainty and multi- 
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ple objectives. This model is then applied to 
determine the optimal price policy for rice in 
the Philippines. 


Model and Methodology 


The paradigm for decision making under un- 
certainty and multiple objectives has been re- 
ferred to as multiattribute decision analysis 
(Keeney and Raiffa). This approach consists 
of two major components: the decision tree 
and -he objective function. Decision trees aré 
flow diagrams which illustrate problems as a 
chroaological arrangement of choices that are 
cont-olled by the decision maker and those 
determined by chance (Raiffa). The probabil- 
ity d:stributions assigned to chance events can 
be based on historical data, regression analy- 
sis, econometric modeling, or—as often hap- 
pens—the subjective perceptions of the de- 
cision maker. 

The most difficult task in multiattribute de- 
cision analysis is to determine the appropriate 
objective function. The least restrictive objec- 
tive function is the expectation of the ‘multiat- 
tribue utility function (MUF): 


(1) Eu(xi, Xo, ... , X4). 

The zonstruction of such a function involves 
the fellowing steps: (a) prepare a list of objec- 
tives (b) select a performance measure or 


attritute for each objective; (c) determine 
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whether special independence relationships 
hold among the performance mezsures allow- 
ing simplification of the MUF; (d) assess—if 
such independence relationships hold—the 
univariate utility function for each perfor- 
mance measure, и;(х;); (e) determine the scal- 
ing constants (weights? of the univariate utility 
function in the multivariate objective function; 
and, finally, (f) compute the expected utility. 

It is crucial to identify clearly the major 
objectives of the agency in question. Most of- 
ten, objectives are vaguely identified. The 
most common objectives of agricultural public 
agencies are (a) increzsed income of farmers, 
(b) increased welfare of consumers, (c) self- 
sufficiency, (d) price stability, (e) improve- 
ment in the balance of payments, (f) de- 
creased operational expenditures, and (g) sta- 
ble flow of supply. 

The performance measure or attribute asso- 
ciated with each objective must be quantified. 
The measures should be simple and meaning- 
ful to the users of the model. This is particu- 
larly important because the users must pro- 
vide utility functions for each of the attributes, 
independence relationships, and weights for 
the MUF. Because -his task is sufficiently 
complicated with simple performance mea- 
sures, overly sophisticated or theoretical mea- 
sures should be avoided. The construction of 
the objective function relies heavily on the 
preference structure and thus the degree of 
risk aversion of the decision maker. It requires 
a thorough interviewing process. 

If independence exists among the perfor- 
mance measures, then such relationships can 
be used to specify the appropriaie form of the 
MUF. For simplicity, analysts often assume 
additive independence relationships. How- 
ever, other independence rela-ionships can 
exist and can be used as a basis for more 
general forms of the MUF. Three types of 
independence relationships are examined: pref- 
erential independence, utility independence, 
and additive independence. The form of the 
objective function depends оп whether all or 
some of these relationships exist. In what fol- 
lows, each type of independence will be de- 
fined and its implications for the form of the 
objective function will be drawn. 

The set of attributes A is preferentially in- 
dependent of set B if preferences over set A do 
not depend on the amounts in B. Preferential 
independence is not reflexive. Set A is utility 
independent of set B if preferences over lot- 
teries on (a, b') do not depend on the fixed 
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amount of b'. Utility independence is not 
reflexive. The set of attributes A and B are 
additively independent if preferences over lot- 
teries (a, b) depend only on the marginal 
probability distributions of a and b and not on 
their joint distributions. 

It has been shown by Fishburn and by 
Keeney that, if additive independence holds 
among all attributes, the MUF is of the form, 


Q) u(x) = Zikun (a) 


(additive). If, however, preferential indepen- 
dence and utility independence hold but addi- 
tive independence does not, the MUF has 
been shown by Keeney to be of the form, 


(3) 1 + ku(x) = IL[1 + kkju;(x;)] 


(multiplicative), where k; is the scaling con- 
stant for utility function, u; and k is the 
aggregate scaling constant. 

If the objective function is separable— 
additive or multiplicative—the researcher eval- 
uates the risk perception of the decision 
maker for each of the attributes, i.e., uni- 
variate utility functions are assessed. A five- 
point utility function may be constructed using 
50-50 lotteries.! The general form of the func- 
tion (risk-neutral, constant risk-averse, de- 
creasing risk-averse, etc.) also is determined. 
Using the general form of the utility function 
and the five-point utilities, a continuous utility 
function is approximated. 

After the independence relationships and 
the form of the multiattribute utility function 
are known, the researcher determines the scal- 
ing constants or weights of the attributes. 
These constants are represented by the k and 
k,’s in equations (2) and (3). 


The Case of the Filipino Rice Industry 


The agency charged with the responsibility for 
formulating and implementing rice policy in 
the Philippines is the National Grains Author- 
ity (NGA). In general, the NGA attempts to 
promote the integrated growth and develop- 
ment of the Filipino rice industry. Specifically, 
Presidential Decree No. 4 states: 


1 For a good description of the 50-50 lotteries procedure, see 
Anderson, Dillon, and Hardaker (pp. 70-75). This approach cap- 
tures the certainty equivalent for a specified lottery by determining 
the point of indifference between a risky prospect and a sure 
prospect. The difference between the certainty equivalent and the 
expected monetary value is the risk premium which is a function 
of decision maker degree о? risk aversion. 
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NGA shall devise a system by which it can insure the 
adequacy of supply and stability of consumer prices 
at levels within the reach of the low-income families 
while maintaining the announced floor price to assure 
farmers or producers with a fair return on their in- 
vestment. The rationale behind this is the fact that 
grain is a major item in the food basket of Filipino 
families. Thus, it has a pervasive effect on Philippine 
scciety such that the slightest imbalance in its supply 
and price is felt nationwide. 


Five objectives were chosen to represent 
the rice welfare of the Philippines for the 
NGA: (a) increase rice farmers’ net income, 
(b) attain self-sufficiency in rice production, 
(c) increase consumers' welfare, (d) stabilize 
the market price of rice, and (e) decrease gov- 
ernment expenditures. The selection of these 
objectives was based on interviews with 
officials of the NGA. Similar objectives are 
reported in Barker, Apiraksirikul and Barker, 
Mangahas, Herdt and Lacsina, and Timmer. 

The performance measure for farmers' net 
income is the average net income of a rice 
farm in one cycle (wet).? The net income was 
defiaed as the gross income (sales) minus the 
variable cost (hired labor and inputs): 


(4) m= 


2 
> ML — Н, — Hj), — ACL; + Ct] 
j=1 





, 


where х; is average net income to farmer per 
cycle (pesos), M; is number of farms in cate- 
gory j, j is 1 for irrigated farms and 2 for 
nonirrigated farms, Y; is yield per hectare in 
farm. of type j (kilograms per hectare), h is 
average farm size (2.5 hectares), H. is farm 
household consumption per cycle (535 kilo- 
grams of palay [paddy rice]), H, is farm house- 
hold storage in the wet cycle (135 kilograms of 
palay), P, is the price of palay to the farmer 
(pes»s per kilogram), CL; is cost of hired labor 
in farm type j (pesos per hectare), and CI, is 
cost of inputs in farm type j (pesos per hec- 
tare}. The net income of farmers is defined as 
the income above the subsistence level. 
Household consumption and household stor- 


2 We distinguish two production cycles of rice in the 
Philiprines—the dry cycle during which only irrigated rice is 
plantec and the wet cycle during which both nonirrigated and 
irrigated rice is planted. In order to include nonirrigated farms, the 
period of analysis will refer to the wet cycle. Since the wet cycle 
covers only half a year, the period of analysis is referred to as a 
semester. - 
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age consumed during the dry cycle were sub- 
tracted from wet cycle production. 

Tte performance measure for self-suf- 
ficiency in rice production is the percentage 
of tte quantity supplied out of the quantity 
needed to meet the average consumption of 
the ronrice-farming population (100 kilograms 
per capita per year), 

(5) x, = —#— 100, 

Qn 
where x; is the measure for self-sufficiency, д, 
is the quantity of rice supplied per capita 
(kilograms), and д, is the quantity consumed 
per capita (kilograms). 

А common measure for consumers’ welfare 
is consumers’ surplus. Government officials 
and economists alike face difficulties in assess- 
ing a utility function over this measure. In the 
case Of rice in the Philippines, such a measure 
can Le approximated easily. In particular, for 
a perfectly inelastic demand, the change in 
consumer welfare is proportional to the 
change in the price. Because domestic rice 
demand in the Philippines is reasonably inelas- 
tic, a good approximation to consumer surplus 
performance measure is provided by 


(6) 


where P, is the price of rice to the consumer. 
Giver this measure, less of x, is preferred to 
more This feature will be reflected by a mono- 
tonicelly decreasing utility function (see equa- 
tion [11]). We could, of course, define this 
performance measure as | — P, or 1/Pm, but 
this is unnecessary, given that the perfor- 
mance measures enter the utility function as 
arguments. 

The performance measure for price variabil- 
ity is zhe absolute deviation of the consumers’ 
price from the price in the previous season, 


(7) Xa Pal 


where x, is the price variability measure and 
Pm is the price to the consumer in period t. 
The common measure for price variability is 
the standard deviation of the prices. But once 
again, a simple measure has been chosen 
which simplifies the assessment of the deci- 
sion maker’s utility function. Moreover, note 
that this performance measure does not 
penalize for large deviations from the previous 
price. If such penalties exist, they will be 
reflected by the utility function. 

The performance measure for government 


хз = Ры, 


|Р, ы 
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expenditures (x;) is the total expenditures per 
capita of NGA in executing its policies. These 
expenditures consist of the (a) cost of pur- 
chasing palay from the farmers, (b) plus the 
cost of importing rice less the revenues from 
selling rice to consumers, (c) less the revenues 
from exporting rice, and (d) plus the transpor- 
tation, operating, and storage costs. 


Empirical Estimation of the Objective Function 


Based on an interview with the former ad- 
ministrator of the Rice and Corn Administra- 
tion and various members of the current NGA, 
it was found that the five performance mea- 
sures are pairwise preferential independent 
and that at least one performance measure is 
utility independent. It was also found that ad- 
ditive independence did not exist among the 
performance measures. This implies (Keeney 
and Raiffa, p. 344) that the MUF, is the ap- 
propriate objective function, 


(8) 


1  ku(xi, хо, X3, X4, X5) 
5 
= [LU + а). 


i=1 


Given equation (8), it is necessary to deter- 
mine the u,(x,) and К?з for i = 1, 2, 3, 4, 5. 

The univariate utility functions were as- 
sessed by determining the certainty equiva- 
lents for 50—50 lotteries. More specifically, we 
set u(x?) = 0 and u(x;!) = 1, where x, and x, 
are the lowest and highest levels each perfor- 
mance measure i can assume. Then we find 
x, which is equivalent to a 50—50 lottery be- 
tween x? and x;!. Then, similarly, we find x;?*, 
which is equivalent to a 50-50 lottery x,° and 
x; 5; and, finally, we find х 75. These five points 
are the basis for fitting a continuous utility 
function. 

Using the procedure described above, we 
obtained the following univariate utility func- 
tions for the five performance measures: 


(9) Qu) = 1.01 — 4.29 exp (—.00125 xı), 
(10) us(xp) = —1.12 + 0.54 In (x, — 68), 
(11) u(x) = 0.09 + 0.66 In (5 — x), 

(12) u(x) = 0.72 In (4 — x), and 

(13) us(xs) = —4.81 + 1.28 In (85 — xs). 


As casual observation would suggest, the 
objective performances, x, and x;, are mea- 
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sured as "goods," while хз, x4, and x, are 
measured as ‘‘bads.’’ In addition, note that the 
univariate utility function for farmer net in- 
come, x,, reveals constant risk aversion while 
all other utility functions, as expected, exhibit 
decreasing risk aversion. Hence, except for 
farmer net income, the more favorable the 
level of the performance measure, the smaller 
the degree of risk aversion. In the case of 
farmer net income, decreasing risk-averse 
functions proved to be poor approximations, 
while the constant risk-averse function fitted 
the five points very closely and prevented bias 
estimates of the minimum farmer net income 
level. 

The scaling constants (weights) of the ob- 
jective function (k,;’s and К) were assessed by 
equating five different combinations of the var- 
ious performance measures and using equa- 
tions (8)-(13) to solve the five equations for 
the five k&’s and then using 

5 
l+k= [[ 2. + kk) 


i=l 


(14) 


to solve for k. The estimated scaling constants 
(k,’s) were k, = .8, ky = .58, ka = .65, k, = .52, 
k; = .33, and К = —1. Thus, the MUF used in 
the model is 


(15) u(x, хо, хз, Xa, xs) = 1 — [1 — .8иу(х,)] 
[1 — -58x2(x2)][1 — .б5из(хз)] 
[1 — .52u4(x4)][1 — .33и5(х5)]. 


Note that all x;'s appearing in (15) are ran- 
dom variables. This randomness relates large- 
ly to uncertain rice yields (appearing in 
хі, X», and ху) and uncertain prices (appearing 
in x1, Xs, x4, and ху). Over the relevant ranges, 
the performance measures have the expected 
effects on u(-). Increases in both x, and xz 
result in larger utilities (‘‘goods’’), while in- 
creases in x3, x4, and x; lead to smaller utilities 
(‘‘bads’’). In all instances, except for хз, these 
outcomes conform to conventional treat- 
ments; increases in farmers' net income (xi) 
and production self-sufficiency (х,) and de- 
creases in price instability (x,) and govern- 
ment expenditures (x;) lead to improvements 
in multiattribute utility. The apparent perverse 
outcome for the proxy consumer welfare per- 
formance measure (хз) is simply because x; is 
the negative of the consumer well-being mea- 
sure. 

From (15), the trade-offs among the various 
performance measures can be derived. Be- 
cause of the preferential and utility indepen- 
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dence properties of (15), each trade-off is a 
veriable measure of only its own ве 
levels. For example, 


ахз (5 — x5)(— .00429е- 9012521) 
[.9415 — .43 log (5 — x)]. 


The sign on this trade-off is, as expected, 
dx,/dx > 0; thus, for a constant level of mul- 
tiattribute utility and all other performance 
measures, an increase in x, must be accom- 
panied by an increase in хз. The remaining 
trade-offs over the relevant ranges are dx,/dx; 
< 0, dx,/dx,4 > 0, dx,/dxs > 0, dx,/ dxs > 0, 
dx./dx, > 0, and dx./dxs > 0, dxy/dx, < 0, 
dx,/dxg < 0, and ах,/аху < 0. 


(16) 


Alternative Price Policies 


The price policy for rice consists of determin- 
ing the floor price to the producers (pesos per 
kilogram of paddy), ceiling price to the con- 
sumers (pesos per kilogram of rice), and re- 
serve stock policy. Only the different alterna- 
tives of floor and ceiling price will be evalu- 
ated. In particular, three forms of NGA inter- 
vention will be examined, namely, (a) ‘‘free 
market” or no floor or ceiling price policy, (b) 
"complete" intervention under which NGA 
would import (export) the quantity necessary 
to drive the market price down (up) to the 
ceiling (floor) price, and (c) ‘“‘limited’’ inter- 
vention under which NGA attempts to satisfy 
various forms of free enterprise constraints. 

Domestic prices of paddy to producers and 
consumer rice prices are, of course, uncertain. 
These uncertain prices depend upon a number 
of other uncertainties including farm yields, 
consumer demand, farmers’ response, the 
wo-ld market price, and the form of NGA 
intervention. The free market form involves 
no domestic price limits, while form (2) re- 
quires setting a floor price to producers (P*,) 
anc a ceiling price to consumers (P*,). For 
the latter policy intervention scheme, domes- 
tic prices are determined by the intersection of 
consumer demand and producer supply and 
the margin of the intermediaries, bounded by 
P*, and P*,. Because there is empirical evi- 
dence that the margin between the retail and 
the farm price is more or less constant (Cas- 
tile; Mangahas, Recto, Ruttan; Mears et al.; 
Yassour),.a fixed margin (P;) of .45 pesos per 
kilogram may be imposed. 

For complete NGA intervention, policy im- 
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plementation depends upon two distinguish- 
able cases: (a) the floor price to producers 
pius the intermediaries' margin is greater than 
or equal to the ceiling price to the consumers, 


a7. P*, + Р, mP*., 


and (b) the floor price plus the intermediaries’ 
margin is lower than the ceiling price, 


(18; P*, + P, < P*,. 


For (a), NGÀ has to intervene regardless of 
the market behavior. It is assumed that, for 
those policies which imply relation (17), NGA 
will subsidize the rice by the amount (P*, + P, 
— Pa) for a kilogram consumed domestically. 
If tne quantity locally supplied is greater 
(smaller) than needed to meet the ceiling 
price, NGA will export (import) the surplus 
(def ciency). Note that, for any level of P*,, 
and a particular demand function, there is a 
corresponding level of q*, or quantity (per 
capi-a) marketed necessary to achieve the ceil- 
ing price. In this instance, P,, = P*, and P, = 
P*,, and governmental expenditures are de- 
termined by 


(19) xs = q*,(P*, + Р, — Ph) ~ 
(ds — 9*m)(8rP, — P*, — Pi), 


whe-e P, is the actual price of rice to the 
farrrer (pesos per kilogram), Pm is the actual 
price of rice to the consumer (pesos per kilo- 
gram), q, is the quantity locally supplied per 
capiza (kilogram per capita), P, is the world 
market price for rice CIF Manila (dollars per 
kilogram), r is the rate of currency exchange 
(pes s per dollar), and 6 is 1 if g, = q*,, (CIF) 
and 8 if g, > q*, (FOB). The first component 
of the left-hand side of the government expen- 
ditures equation is the subsidy paid by the 
government, and the second component is the 
revenues (costs) from exporting (importing). 
In case (b), where relation (18) applies, the 
market equilibrium is allowed to play a crucial 
role. In this setting, three possible market 
scenarios are distinguishable. Scenario 1 is 
wher. P, < P*,, and P, — P; < P*,, where P, is 
the equilibrium price at the consumer level. 
For this scenario, the consumers’ side is 
satisoed but not the producers’. Hence, in 
order to meet the floor price to the producers, 
NGA purchases and exports enough to main- 
tain the domestic floor price. In this instance, 
NGA would export the quantity 4; — 9%, 
P, = P*,, Pm = P*, + Pi, Pm < P*m, and 


(20) x, = (qs — 9*,)(Р*, + Р, — .8rP,), 
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where q*, is the quantity marketed necessary 
to meet the floor price for the realized demand 
function. 

Scenario 2 is when P, < Pm and P, — Р, > 
P*,. In this scenario, since both sides are 
satisfied, NGA would not intervene in the 
market. The prices would be P, = Pe, P, = P, 
— P,, and government expenditures would be 
Zero. 

Scenario 3 is when P, > P*, and P, – Р; > 
P*,. For this scenario, the producers' side is 
satisfied but not the consumers'. In order to 
meet the ceiling price to the consumers, NGA 
would import the quantity q*,, — qs. Prices 
would be P, = P*,, P, = P*m — Pi, Pp > P*ps 
and government expenditure is determined by 


(21) Xs = (q*n — q;)(rP = Pa) 


For limited forms of NGA intervention, pol- 
icies are constrained by desires to keep the 
amount of involvement in the private sector at 
some minimal satisficing level. Tkese forms of 
intervention presume that NGA is reluctant to 
implement a policy which implies fixed prices 
to farmers and consumers and an associated 
large subsidy program. Since limited involve- 
ment in the rice industry of the Philippines was 
not treated as one of the measurable objec- 
tives, trade-offs between the rate of gov- 
ernmental involvement and the other perfor- 
mance measures are not available. 

Three specifications of the limited involve- 
ment constraint will be examined. The first 
severely limited NGA involvement by requir- 
ing no direct government subsidies. Recall 
that direct government subsidies are required 
whenever the consumer price is lower than the 
farm price plus the intermediaries’ margin. 
Hence, no direct government subsidies are re- 
quired when P*,/.61 + Р, < Pm, where .61 is 
the rate of recovery from paddy to rice. A 
second specification limits the producer floor 
price to no more than 1.20 pesos per kilogram, 
i.e., P*, = 1.20. Finally, a third specification 
combines these two constraints zs the satisfic- 
ing levels for the limited involvement objec- 
tive. Note that, for each of these specifica- 
tions, the shadow prize of the corresponding 
constraint may be computed; on the basis of 
these computations, NGA and the government 
of the Philippines can make an informed judg- 


3 The constraints implied by the desire for such limited in- 
volvements may be regarded zs the highest o5jective in a lexico- 
graphically ordered criterion function with the second objective 
measured by the MUF (15); i.e., given the satisfaction of a limited 
involvement constraint, proceed to maximize EU (x1, x», xay X4, xs). 
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ment of whether or not the corresponding lim- 
ited involvement objective justifies its costs. 


Uncertainty: Weather 


A subjective probability distribution was as- 
sessed for the nature conditions variable with 
three possible outcomes: ‘‘bad’’-—-production 
is 10% below normal; "moderate" '—produc- 
tion is normal; and ‘‘good’’—production is 
about 10% above normal. Based on the as- 
sessments of NGA officials, agricultural econ- 
omists, and farmers, the probability distribu- 
tion used in the analvsis was good nature con- 
ditions, p = .2; moderate nature conditions, p 
— ,5; and bad nature conditions, p — .3. A 
more objective analysis of rice yields (Yas- 
sour) resulted in a similar distribution. 


Uncertainty: Farmers’ Response 


Two types of farms are distinguished here: 
irrigated and nonirrigated. For the irrigated 
farms, the farmers usually grow more than one 
crop per year; these are less vulnerable to 
nature conditions and are more profitable. The 
nonirrigated farms, however, are less inten- 
sively cultivated. Most of them are in areas far 
from the big marketing centers and are less 
flexible in their marketing options. 

NGA Officials and Filipino agricultural econ- 
omists have been asked to assess the re- 
sponse of farmers who grow rice in irrigated 
and nonirrigated farms to different levels of 
floor price for paddv. Their assessments are 
summarized in table 1. | 


Uncertainty: Demand 


Uncertain demand arises with respect to both 
its functional form and the price elasticity. The 
uncertain functional form was admitted by 
specifying both linear and Cobb-Douglas 
forms. In the case of price elasticities, the 
findings of Mears, Nasol, and Apiraksirikul 
show that the price elasticity of demand for 
rice in the Philippines ranges from —.2 to —.5. 
By substituting the current quantity consumed 
per capita per year (100 kilograms) and the 
current consumer price (2.10 pesos per kilo- 
gram) in linear and Cobb-Douglas functions, 
the respective demand functions were ob- 
tained. A subjective probability distribution 
was then assigned over the elasticities. This 
was done with the advice of the researchers in 
the Department of Agricultural Economics of 
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Table 1. Subjective Assessments of Probability Dist-ibutions of Farmers’ Response to Different 
Levels of Floor Price 

















Probability 
Irrigated Nonirrigated 
Flcor Price .25 ‚5 25 ‚25 5 28 
€ екы — (% of production?) -------------------- 
1.0) peso per kilogram 92 37 102» 95 98 101 
1.1) pesos per kilogram 100 100 160 100 100 100 
1.2) pesos per kilogram 102 104 106 100 101.5 103 
Free market? 99 100 101 97 99 101 





? Fermers intend to grow 100% procuction under ihe current floor price (1 10 pesos per kilogram). This basic figure differs for irrigated 
and nonirrigated farms. 

> H gher production for lower price was explained эу the fact that there is a group of farmers who place a high value on leisure time. The 
quaatity those farmers produce is that which is sufficient to cover their basic needs. Prices at the level of 1.00 peso per kilogram force 
them to produce more in order to meet their subsis:ence level. 

с This row represents ће subjective assessment of how farmers would behave if the floor price policy were terminated and the free 


market would operate t» determine producer prices. 


the University cf the Philippines, Los Banos, 
and of the International Rice Research Insti- 
tute. The elasticities to be analyzed in the 
mcdel, their respective demand functions, and 
their probabilities are shown in table 2. 

In order to avoid skyrocketing prices for 
very small quantities as a result of an exponen- 
tial demand funztion and negative prices for 
very large quantities as a result of a linear 
demand function, the demand furction was 
specified as linear to the left of the current 
quantity consumed (100 kilograms per capita 
per year) and exponential to its right. 


Uncertainty: World Market Price cf Rice 


The price NGA would pay (receive) for im- 
ported (exportec) rice is also a rardom vari- 
able. Based on their knowledge about the situ- 
ation of rice and grains in the international 
ma-ket, NGA officials provided the probabil- 
ity distribution shown in table 3 for the year 
1978. 

The prices in table 3 include the cost of the 
rice itself, sea transportation and insurance, 


and transportation from the port to the 
warehouse. The price that NGA would receive 
for one ton of exported rice (FOB) is, of 
course, lower. NGA officials estimated that, 
for the same quality of rice, the export price 
per топ would be lower than the import price 
by about 20%. 


Empirical Results 


The NGA decision problem under the uncer- 
tainties discussed above is shown in deci- 
sion-tree form in figure 1 for cases of P*, 
1.20 and no intervention.^ At each end point of 


4 Tre following data were used in analyzing the model: average 
family size of a rice-growing farm is 6.5 (Hayami et al.); current 
yearly consumption of rice is 100 kilograms per capita (Avigue- 
tero): "ate of recovery from palay to rice is .61; wet season produc- 
tion is 62.5% of the total yearly production; yield of irrigated and 
nonirrgated farms is 2.25 and 1.5 tons per hectare, respectively 
(45 ani 30 cavans per hectare); the number of irrigated and nonir- 
rigatec farms is 360,000 and 600,000, respectively, with an average 
farm sze of 2.5 hectares; current price to consumers is 2.10 pesos 
per kibgram (Alix, Kunkel, Gonzales); cost of labor per irrigated 
and ncnirrigated hectare is 400 pesos per hectare and 300 pesos 
per hectare, respectively; cost of inputs is 400 pesos per hectare 
and 25) pesos per hectare, respectively (NGA files); and exchange 
rate is 7.3 pesos per dollar. 


Table 2. Price Elasticities of Demznd for Rice, Demand Functions, and Probabilities 





Demand Function 








Price Elasticity Expoaential Linear? Probability 
—.2 P = (.16/q)5 Р = 12.60 — .105q 3 
-3 Р = (125/9): Р = 9.10 — .079 3 
—.4 Р = (135/q)?4 Р = 7.10 — .05q 3 
-.5 Р = (145/q)? Р = 6.10 — .04¢ Л 





а The linear demand functions are the linear approximations of the exponen ial functions at the region of the current price and quantity 


cons.med per capita. 
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Table 3. Subjective Probability Distribution 
of World Market Price for Rice 
Price of Imported Rice 

CIF, $/ton 

250 


Probability 


270 
300 
330 
350 


о 








Source: Personal communication with National (Grains Authority. 
Department of Corporate Planning. 


the decision tree for these as well as all other 
alternatives, we have the levels of each per- 
formance measure, x, . These performance 
measures depend on the policy and the rele- 
vant uncertainties, reflected by probability 
measures representing the chance of reaching 
a particular end point. The values of the five 
performance measures, together with the uni- 
variate utility functions (9)—(13) and the prob- 
ability distributions, are then used in (15) to 
compute the expected utility for each policy. 
The analysis was conducted for feasible floor 
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prices ranging from 1.00 to 1.50 pesos рег 
kilogram of paddy and ceiling prices ranging 
from 1.70 to 3.10. This was done for the com- 
plete and limited forms of NGA intervention. 

A complete intervention policy involving a 
floor price set at 1.40 and a ceiling price set at 
2.10 maximizes expected utility; for this pol- 
ісу, EU = .96984. Ест a .61 rate of recovery 
from palay to rice and an intermediaries’ mar- 
gin of .45 peso, this policy generates a price at 
the consumer level cf 2.74 and thus implies a 
subsidy of .64 peso per kilogram. This policy, 
along with the limited intervention policies, 
proved superior to the free market policy 
which generated an expected utility of .95569. 

For the ''limited" involvement of no direct 
government subsidies, i.e., P*,/.61 + P, < 
Pm, the optimal solution is P*, = 1.30 and P*,, 
= 2.90, which generates an expected utility of 
.96696. For the second limited involvement 
specification, i.e., P*, = 1.20, the optimal pol- 
icy is P*, 1.20 and P*, = 2.10, with ex- 
pected utility falling to .96678. This policy im- 
plies a direct government subsidy of .32 peso 


250 
-2 
102% 00% з 1 
Ef -3 4 270 
2 25 25 3 З 
$- dd 104% “5 101.5% 5 -4 С 4 300 
e Q з 25 25 1 2 330 
Po E 106% 103% 5 
Qa 350 
No 250 
Ол, 99% 97% ~2 | 
be Е : 
С 3 270 
9 ^ 56 25 -3 > 
г M o5 00% 5 99% 3 -4 ceca 300 
3 25 25 | 2 330 
101% 101% -5 | 
350 
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Figure 1. The decision tree 
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рег kilogram of rice. Finally, for both con- 
straints, P*,/.61 + P; « P, and P*, = 1.20, 
the optimal policy is P*, = 1.20 and P*,, = 
2.90, and the expected utility is .95675. 

А comparison of the various policies reveals 
small differences in the expected multiattri- 
bute utility. This is due to the assessment pro- 
cedure of the Keeney and Raiffa approach, 
which bounds U between zero and unity. The 
small differences may imply large movements 
in the certainty equivalents for each perfor- 
mance measure, x;. In sorting out the implica- 
tions of the expected multiattribute utility in 
terms of the individual performance measures, 
however, some obvious difficulties arise. The 
scaling constants, multiple performance mea- 
sures, trade-offs, and associated univariate 
utility functions complicate the relationship 
between EU and any particular x,. To obtain 
corsistent results, one way to proceed would 
be to fix the level of four performance mea- 
suras and, given EU, solve equation (15) for 
the remaining performance measure. 

For example, fixing x2, хз, x4, and x; at levels 
for which и; (х) = .84, i = 2, 3, 4, 5, where the 
valie .84 for EU; (x;) was chosen to stay within 
the original range of the attributes, we can 
derive the complete intervention expected util- 
ity 2quivalent measure for x;. It is x*, = 2,642. 
Proceeding in this fashion, expected utility 
equivalents for the remaining x;'s can be ob- . 
taired for each policy. These results are re- 
ported in table 4. Note that a higher door price 
results in a lower expected-utility-equivalent 
measure for governmental expenditures. This 
is tecause all the gains from increased floor 
prices (namely, farmers’ net income and self- 
sufficiency) are translated into savings in the 
governmental expenditure policy equivalent 


Table 4. 


© vention 
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measure. To be sure, increased floor prices 
lead to larger actual governmental expendi- 
tures; but the gains in other performance mea- 
sures, when translated into the utility equiva- 
lentz for government expenditures, more than 
compensate for its actual increase. 

The above approach allows policy debate 
to take place in terms of individual perfor- 
manze  measures—namely, their utility 
equivalents—rather than the more obscure 
mul&üattribute utility measures. For example, 
in comparing the current policy (1.10, 2.10) 
with the maximum floor-price, limited inter- 
venton policy (1.20, 2.10), the difference in 
expected utilities will have little meaning to 
policy makers. However, a “‘utility equiva- 
lent’ difference of 39.5 pesos less 11.5 pesos 
per capita, or 1,232 million pesos for the total 
population, is more revealing. This means 
that, in terms of the criterion function (15) 
incorporating all performance measures, a util- 
ity equivalent comparison of government ex- 
pencitures results in savings of 28 pesos per 
capita. Similar multiattribute utility compari- 
sons can be made in terms of the remaining 
performance measures. 


Sensitivity Analysis 


Sens tivity analysis was conducted for a num- 
ber of important variables. As expected, it was 
found that higher expected utilities resulted in 


5 Thx figure 11.5 pesos per capita was derived by substituting 
96678 Zor EU on the left-hand side of (15) and .84 for all EU,(x,), 
i # 5, thus obtaining EU;(xs) = .69. Substituting the computed 
value .«9 into (13), we find x*, = 11.5 pesos per capita. A similar 
ргосейг ге is followed for all expected utility equivalent measures, 
x^. 


Comparisons between Current, Complete, znd Various Limited Forms of NGA Inter- 














Limited: 
Limited: Limited: Maximum Floor 
Current No Direct Maximum Price and No Direct 
Policy Complete Sub: idies Floor Price Subsidies 
[1.10, 2.10] [1.40, 2.10] [1.30 2.90] [1.20, 2.10] (1.20, 2.90] 
Expected utility .95809 .96984 .96496 .96678 .96675 
Value of? 
x", (pesos) 2,095 2,642 2,-70 2,460 2,458 
х (96) 89.3 107.6 1020 101.7 101.6 
x”; (pesos/kg.) 2.84 1.78 2.08 2.10 2.11 
x^4 (pesos/kg.) 2.10 64 108 1.10 1.11 
х^ (pesos per capita) 39.5 -19 108 11.5 11.7 








а The values of x*, result in the above expected utility when the values of tre other performance measures are fixed such that (x) = 


84, J # i (x, = 2,853 pesos, x, = 105.7%, хз = 1.38 pesos/kg., xi 


.79 resos/kg., and ху = 2.40 pesos per capita). 
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lower consumption, decreased population, 
higher yields, more rice farms in general, and 
more irrigated farms in particular. Generally 
speaking, the floor pricz of the optimal policy 
decreased as the total production increased. 
Because of space limitations, we report here 
only the sensitivity analysis perfo-med on the 
responsiveness of farmers to chznges in the 
floor price and the potential instability in the 
trade-offs among alternative performance 
measures. Because the sample cata did not 
include a floor price above 1.20 pesos per 
kilogram, a number of zlternative assumptions 
were investigated. The results for the conser- 
vative assumption that farmers' response to 
floor prices above 1.20 pesos per kilogram 
would be the same as for 1.20 pesos per kilo- 
gram clearly indicate that a 1.40 floor price and 
2.10 ceiling price for the complete intervention 
scheme dominates all alternatives examined 
(floor prices range from 1.00 to 1.30 pesos per 
kilogram and ceiling prices from 1.70 to 3.10 
pesos per kilogram). The second-best policy 
was [1.50, 2.10]. 

With respect to potential instability in per- 
formance measure  trade-offs, significant 
changes in NGA membership composition or 
interest group influence will be reflected in the 
scaling constants. Initially, these constants 
were determined as follows: k, = .8; К, = .58, 
k; = .65,К = .52, and k; = .33. In the sensitiv- 
ity analysis, all 243 pcssible combinations of 
kı = .9, .8, and .7; kz = .7, .6, and .5; А; = .75, 
.65, and .55; k, = .6, .5, and .4; and k; = .45, 
.35, and .25. Of the 243 combinations exam- 
ined, 75 resulted in [1.50, 2.10] as the best 
policy; 47 in [1.40, 2.10]; 26 in [1.20, 2.10]; and 
21 in [1.20, 2.70]; the remaining 74 combina- 
tions resulted in seven other policies. The op- 
timal policy was sensitive mainly to the values 
of К, and А. 


Conclusion 


This paper illustrates an approach to public 
policy analysis emphasizing uncertainty and 
conflicting objectives. The framework seems 
especially appropriate for public policy prob- 
lems frequently encountered in agriculture and 
food systems. Its principal value may be to 
provide focus on the major conflicts, trade- 
offs, and subjective perceptions among af- 
fected groups. It can be used to isolate major 
disagreements, needed empirical evidence, 
appropriate degrees of risk aversion, equity 
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value judgments, consensus solutions, and the 
like. 

Determining price policy for rice in the 
Philippines served as an illustration of the 
framework. Here, the optimal complete inter- 
vention policy consisied cf a floor price of 1.40 
pesos per kilogram and a ceiling price of 2.10 
pesos per kilogram. This policy implies fixed 
farm and retail prices and a subsidy of .64 
pesos per kilogram. Such a policy requires 
major changes in NGA operations and admin- 
istration. Moreover, it contradicts free-enter- 
prise ideals. Therefore, as a first stage, NGA 
might implement a policy in which the floor 
price is 1.30 pesos per kilogram and the ceiling 
price is 2.70 pesos per kilogram. This does not 
imply fixed prices or direct government sub- 
sidies (1.30/.61 + .45 < 2.70). A ceiling price 
of 2.70 pesos per kilogram at the farm may 
result in a sharp increase in the consumer 
price. The probability of such an increase, 
however, is lower under the suggested policy 
than under the current policy. This is because 
of the expected higher production occurring 
response to the higher floor price. In the un- 
likely case of a nationwide disaster, NGA 
could launch a temporary emergency program 
of direct government subsidies. 


[Received June 1979; revision accepted 
December 1980.] 
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Predicting the Diffusion of Improved 


Pastures in Uruguay 


Lovell S. Jarvis 


Research suggests the logistic curve is the characteristic diffusion path for new 
technologies. Econometric analysis of fertilized grass-legume pastures in Uruguay 
indicated that their diffusion during the first years following introduction also followed 

a logistic path. Some departure from a simple logistic shape was explained by including 
beef and fertilizer prices within the diffusion framework. Both the rate and limit of 
diffusion were positively related to changes in the technology’s profitability, but the 
estimated price elasticity of each was low. Extrapolation predicted that a ceiling equal to 


12% of Uruguayan pasture area would be reached in 1980. 


Key words: diffusion, logistic curve, new technology, pastures, prediction, Uruguay. 


This paper analyzes the diffusion of improved 
pastures in Uruguay, a development promoted 
since 1961 by a joint Government of Uru- 
guay/World Bank lending and technical assis- 
tance project (Hirschman, Jarvis 1976). The 
cumulative growth in the number of ranch- 
ers who have adopted this technology and 
total area planted to improved pastures is ex- 
plained by fitting the diffusion data to logistic 
curves. However, the diffusion process is ana- 
lyzed before diffusior. has ceased. Total diffu- 
sion and the date at which che ceiling is 
achieved are predicted using observations 
from the first years of the process. Beef and 
fertilizer prices are incorporated into the anal- 
ysis to obtain improved estimates of future 
diffusion. 

The introduction cf fertilized grass-legume 
pastures increased livestock output about 18% 
between 1961 and 1975, two-thirds of the en- 
tire increase (Jarvis 1976). Fertilized grass- 
legume pastures are the principal, feasible 
means to higher Uruguayan livestock produc- 
tion and exports. Annual gross pasture in- 
vestments rose from 18,000 hectares in 1961 
to 320,000 hectares in 1973, the historical 
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peak. Cumulative net pasture improvements 
reached 1.64 million hectares in 1975, 11.596 of 
the total pasture area (table 1). By 1975, total 
adopters numbered more than 15,000, or more 
than half the potential (table 1). Nonetheless, 
the increase in area planted to improved pas- 
tures has been slower than hoped. Improved 
pasture use is still much less than in New 
Zealand (62% of pasture area), the source of 
this particular technology. 

In 1975, the rate of pasture investments was 
declining. A sharp decline in beef prices had 
occurred, making the two phenomena appear 
related. Some experts believed that a recovery 
of beef prices would cause a recovery in pas- 
ture investments. Because this belief was im- 
portant for government policy and relevant to 
future World Bank lending in Uruguay for 
livestock development, the following hypoth- 
eses were tested. (a) The rate and the limit of 
technology diffusion can be predicted with in- 
formation from the first years following intro- 
duction. (b) The rate and the limit of diffusion 
are positively related to changes in the tech- 
nology's profitability. 


The Model 


Several studies analyze the diffusion of new 
technologies, e.g., Griliches and Mansfield. 
Because these studies observed a characteris- 
tic diffusion path, I wanted to determine if the 
diffusion of improved pastures in Uruguay fol- 
lowed the same pattern. If so, perhaps the 
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Table 1. Adopting Ranchers, Pasture Improvements, and Beef Prices 

(1) (2) (3) (4) (5) (6) (7) 

Cumulative Annual Gross Cumulative Annual Net 

New Adopting Pasture Pastures Pasture Pasture Beef 

Year Adopters Ranchers Investments In Producticn* Depreciation? Investments? Pricest 
-----—---------- (thou:and һесїагев)-—-—--------—------- 

1960 120 143 
1961 141 141 18 128 10 8 98 
1962 120 261 24 136 11 13 86 
1963 136 397 32 149 12 20 79 
1964 300 697 68 169 14 54 91 
1965 247 944 91 224 18 73 116 
1966 501 1,455 130 297 24 106 126 
1967 615 2,060 145 403 32 113 92 
1968 1,187 3,247 225 516 41 184 72 
1969 2,037 5,284 200 700 56 144 73 
1970 1,815 7,999 160 844 68 92 85 
1971 2,455 9,554 270 936 75 195 108 
1972 1,911 11,465 320 1,131 90 230 143 
1973 2,302 13,767 308 1,361 109 199 126 
1974 911 14,678 282 1,560 203 79 101 
1975 320 14,998 101 1,639 230 —129 61 
1976 475 15,473 87 1,510 227 —140 44 
1977 95 1,370 195 —100 65 
1978 91 1,270 60 





Sources: Col.(1), author's estimate using information om Banco de la RepubLca; col.(2), from col.(1); col.(3)- (6), Plan Agropecuario; 


col.(7), Ministry of Agriculture. 
a Col.(¢), = (Col.(3) + Col.(4) -CoL.(5)].i. 


^ Col.(*) = (.08)Col.(4) for 1961-73; from agricultural sample surveys for 1974-77. 


* Col.(€) = Col,(3) — Col.(5). 


4 Index of real producer price (average price 1960—79— 100) for steers, per kio liveweight at slaughterhouse. Nominal producer price 


was de‘lated by Montevideo cost-of-living index. 


future of pasture investments could be pre- 
dicted by extrapolation. These studies showed 
that the cumulative adoption path often be- 
haves like a logistic curve (fig. 1). Diffusion 
begins when the technology first becomes 
availeble (t). The number of adopting produc- 
ers increases slowly at first, because only the 
most progressive and/or less risk-averse 
adopt. Then it increases more rapidly as in- 
formstion spreads to other producers. Finally, 
it slows when nearly all producers who will 
find the technology profitable have adopted, 
the process reaching an essentially stable ceil- 
ing (t_). 

The logistic function traces diffusion toward 
an equilibrium by assuming that the technol- 
ogy's profitability remains constant. Because 
diffus.on often requires twenty years, it would 
be surprising if changes in prices, technology, 
and learning over time did not seriously affect 
the d:ffusion process and distort its profile 
away “rom a simple pattern. The issue zs worth 
further research. In this paper, the logistic is 
accep:ed as a starting point because of its 
matbematical simplicity. However, scme de- 


parture from a simple logistic shape will be 
explained by including other variables within 
the diffusion framework. 

The logistic curve is defined as follows: 


K 
Mi “Tren 
where 7, is cumulative number of adopters by 
time /: К is ceiling, i.e., the total ranchers 
adopting by the time the diffusion process 
ceases ([K/T] is the final percentage of the 
ranche-s expected to adopt, where T is total 
potential adopters); ф is the rate at which dif- 
fusion occurs; and c is a constant term. 
. Previous economic studies attempted to 
show taat diffusion conformed to the logistic 
shape and that variations in the diffusion rate 
and the ceiling reached (among different pro- 
cesses) were related to observed economic 
variables. Analysis occurred after diffusion 
had ceased and a stable ceiling was observ- 
able. Thus, only the diffusion rate was esti- 
mated. In this study, because the ceiling had 
not been reached, both the ceiling and the rate 
of diffusion were estimated simultaneously. 


2, 


Jarvis 


Characterizing the Diffusion of 
Improved Pastures 


Consider first adoption by individual ranchers. 
The number of new farmers borrowing each 
year from the Bank of the Republic (BROU) 
for pasture development is used аз a proxy for 
new adopters. A high proportion of adopters 
borrowed from the BROU to make their first 
investment. The BROU offered very favorable 
credit terms within an otherwise very restric- 
tive financial context, and reques-s for BROU 
credits were handled rapidly. BROU credit 
recipients also received good technical assis- 
tance from the Plan Agropecuario (PLAN), 
which coordinated the livestock development 
project. About 15,000 different ranchers re- 
ceived credits between 1961 and 1976 (Jarvis 
1977). The timing of their first loans is given in 
table 1. 

The information on borrowers provides a 
good estimate of total adopters and, more im- 
portant, the rate at which new adopters ap- 
peared over time. A few ranchers probably 
made their first pasture investments without 
borrowing from the BROU, but the BROU 
data are consistent wich the number of adopt- 
ing ranchers that appears in the 1970 Agricul- 
tural Census and in several recent sample sur- 
veys (Alonso and Perez). 

By rearranging equation (1), we obtain 
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2, = pctot 

(2) [quM E 
which, if K is known, can be estimated linearly 
in logarithms. Because K was not known, 
equation (2) was estimated by varying K 
parametrically from 1096 to 10096 of the total 
producers considered potential adopters 
(29,000).! The equation yielding the highest R? 
was assumed to give the best conditional esti- 
mates for K and $. The best estimate suggests 
that the logistic curve reflects closely the 
adoption of improved pastures by Uruguayan 
ranchers (table 2). In equation (2), which is an 
autoregressive transformation of equation (1), 
R? is maximized at K/T = 0.56. This implies 
that 56% of Uruguayan producers will eventu- 
ally adopt, with 90% of the ultimate ceiling 
being reached in 1975, and 99% in 1979. 

These results have two implications: (a) a 
majority of potential adopters have invested in 


1 Of the 77,000 farms and ranches in the 1970 agricultural cen- 
sus, the BROU considered 29,000 potential borrowers. Farms 
with less than 10 hectares (23,000) were excluded as too small. 
Larger farms in areas where livestock is not produced (13,000) and 
farms having title or credit problems (12,000) also were excluded. 
The 29,000 farms considered potential borrowers control 85% of 
total agricultural area. 

? The difference of beef price from its mean was used, preserv- 
ing the comparability of the constant term with that in previous 
regressions. Price was lagged one year; decisions regarding pas- 
ture investments are usually made at the end of one year for 
implementation early in the next. 


Table 2. Estimated Logistic Curves (Log-Linear Method) 














C do Фф, K/T R? DW Rho 
Ranchers adopting: 
1) —35.85 0.51 0.56 .996 0.91 
(63.87) (62.29) 
2) —35.61 0.51 0.56 ‚997 1.57 0.56 
(28.24) . (28.23) 
Hectares planted: 
3) —21.03 0.30 0.08 0.14 .976 0.91 
(24.76) (24.06) (3.77) 
4) — 19.80 0.28 4.03 0.14 .979 1.24 0.69 
(7.06) (7.07) (2.75) 
Projection of Future Adoption 
K KIT 0.09ка 0.99K From 
Ranchers adopting: 16,499 0.56 14,900 16,350 table 2, eq. (2) 
(1975) (1979) 
Hectares planted: 4 
a) 1,960,000 0.14 1,765,000 1,940,400 table 2, eq. (4) 
(1978) (1987) 
b) 1,660,000 0.12 1,491,000 1,640,000 table 3, eq. (6) . 
(1975) (1980) 





* Date when the projected percentage of ceiling is reached is given in parentheses. 
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improved pastures, confirming that informa- 
tion on pasture use and profitability is widz- 
spread; (b) the entry of new adopters is now 
small and declining. Unless some fuadamental 
factor is altered, few additional adopters w_ll 
aprear. 

Nonetheless, improved pasture ггеа could 
expand on rancaes where adoption has al- 
ready occurred. In fact, it was originally ez- 
pected that Uruguayan adopters would begin 
with small іпуеѕ-тепіѕ and steadily increase 
the proportion of their ranches devoted to im- 
proved pastures until a high proportion of total 
pasture area hac been converted. Such was 
the experience ir. New Zealand under similer 
conditions. Some expansion of planted area 
has occurred on edopting ranches in Uruguay, 
but it is importan: to test if this expansion will 
concinue. 

Improved pastures, once established, can 
be productive incefinitely if properly managed 
and refertilized. Pastures of twenty years and 
more аге соттол in New Zealand, but inter- 
sive pasture menagement requires an ap- 
proach different from the extensive ranching 
traditionally pracziced in Uruguay. Also, beef 
prices are not sufficiently high to make im- 
proved pastures profitable enough to induce 
farm intensification, as once thought possibl2 
(Hirschman). This, pasture detericration in 
Uruguay has been more rapid thar. in New 
Zealand. Estimated at about 8% per year until 
1974, Uruguayar pasture deterioretion has 
been even higher since then, due to overgraz- 
ing end reduced refertilization during the live- 
stocs crisis which began in that yeaz. Depre- 
ciation reduces met investment significantly 
below gross investment, especially since the 
total stock of imoroved pastures has grown 
(table 1). Although 2.8 million hectares were 
plan-ed prior to .977, only 1.3 million were 
still in productior at that date. 

Net pasture improvement is the variable ог 
interest. Fortunately, the data on both annua. 
investments and depreciation are good. The 
PLAN has monitored closely a large sample of 
rancaes over the last fifteen years. The result- 
ing depreciation estimates are consistent, at 
the rational level, with data from agricultural 
census and subsequent sample surveys. 

The cumulative net hectares of improved 
pasture in produciion were fitted to a logistic 
equa-ion using the same procedure followed 
for ranch adopters. R* was maximized at a 
ceilirg equal to 18% of the area assured suit- 
able for improvec pastures (14 million hec- 
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tares). However, serial correlation was pre- 
sent even after an autoregressive transforma- 
tion, making the estimated coefficients statis- 
tically insignificant. Other variables, like 
prices, then were included in the analysis. 


The Effects of Prices on Diffusion · 


Previous studies recognized that diffusion 
coulc be affected by variables such as prices. 
Griliches showed that the diffusion rate of 
hybrid seeds in different farming areas were 
posit vely related to the increased profit 
achieved by the farmers introducing the new 
seed. Mansfield (1961) showed. that diffusion 
rates of various technologies in several indus- 
tries were positively related to the profitability 
of th» new technologies. I am not aware of 
research in which the diffusion rate of a single 
innovation has been expressed as a function of 
economic variables, although Mansfield (1968,. 
p. 142) suggests this possibility. 

Beef prices in Uruguay oscillated markedly 
between 1960 and 1978 (table 1). Because a 
return from low prices in 1975-76 to normal 
market conditions could encourage wider dif- 
fusior, the logistic was reformulated to esti- 
mate directly the effect of price on hectares 
planted. 

First, only $, the rate of diffusion, was 
made a function of beef price. Letting ф = 
фо + $,P, equation (1) becomes 


(3) x 


Zi = ea 

The inclusion of prices improves the results 
(table 2, equations [3] and [4]). The regres- 
sions were carried out with and without an 
autoregressive transformation; in both cases, 
the Darbin-Watson statistic is in the indeter- 


- minate range. The price coefficient is positive 


and significant at the 2% level, assuming no 
serial correlation. Iterating over K yielded 
maximized R? at K/T = 0.14. Assuming no 
change in the technology's profitability, 9076 
of the ceiling would be reached in 1975 and 
99% im 1980. 

An -terative nonlinear least-squares method 
was used next, permitting a direct estimate of 
K. Thus both¢ and K are specified as functions 
of the beef price. This estimator is probably 
more efficient than the log-linear (Oliver). The 
specification also was slightly changed by as- 
suming that diffusion followed a nonlogistic 
path until 1961, when the livestock develop- 


Jarvis 


ment project was initiated, and afterwards a 
logistic path (Economides). Much experimen- 
tation was required before the new pasture 
technology was adequately adapted to Uru- 
guayan climate and soils. Difftsions along 
a logistic path probably did not begin until 
1965. Slow growth between 1961—65 skews the 
diffusion slightly from a true logistic. 


КТ + КРТ 


(4) 2; = mT * 1 F e-cbo-o Pt , 


where m + kọ = K/T. 

Equation (4) was estimated for both adopt- 
ing ranchers and for planted hectares with dif- 
ferent zero restriction on the values of m, k, 
and ф, (table 3). M is significant at the 5% level 
only once for adopting ranchers but nearly 
each time for planted hectares. In the latter 
case, this formulation reduced the Durbin- 
Watson statistic. 

When only ¢ is a function of beef price, the 
price coefficient is positive but not significant 
for either adopting ranchers or planted hec- 
tares. Price had little impact or the rate of 
diffusion. When only K is a function of price, 
the price coefficient is positive and significant 
at the 1% level for both adopting ranchers and 
planted hectares. Price had an impact on the 
ceiling. Correcting for slight heteroscedastic- 
ity did not affect the parameter estimates. 
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When both K and ¢ are functions of beef 
price, the results are not completely satisfac- 
tory; the functional form chosen cannot fully 
characterize the price effect. For adopting 
ranchers, neither coefficient is statistically 
significant; while for hectares planted, both 
are statistically significant. The coefficient on 
k, is positive and that on $, is negative. The 
sign on @, changes. Because the ceiling is sen- 
sitive to price and the diffusion rate is not, the 
increased ceiling (resulting from a price in- 
crease) must be associated with a longer diffu- 
sion period. With the formulation used, Фф, 
must have a negative sign. This does not imply 
that a price increase itself causes the diffusion 
rate to decline. 

The estimated ceilings for the two diffusion 
processes are quite similar for both the non- 
linear and the log-linear methods. For adopt- 
ing ranchers, both methods estimate a ceiling 
of about 0.56. For planted hectares, the non- 
linear method provides the only significant es- 
timate, about 0.115, slightly lower than the 
statistically insignificant estimate provided by 
the log-linear method. The diffusion rate esti- 
mated by the nonlinear estimator is sig- 
nificantly higher than that estimated by the 
log-linear method for hectares planted, but 
about the same for adopting ranchers. 

All estimates suggest that diffusion will 
reach a ceiling well below the area the gov- 
ernment of Uruguay believed feasible. Beef 


Table 3. Estimated Logistic Curves (Nonlinear Method) 





m ko kh C bo Фф R DW 
Ranchers adopting - 
Equation (1) 0.5539 — 39.63 0.5632 .999 1.58 
(70.43) (30.26) (29.57) 
(2) .0079 `- 0.5400 —41.86 0.5947 .999 2.07 
(2.16) (59.13) (25.58) (25.33) 
(3) 0.5525 —39.18 0.5571 1.1859 .999 2.16 
(74.72) (32.45) (31.73) (1.86) 
(4) . 0.5597 0.1856 —38.32 0.5441 І .999 2.16 
| (82.70) (3.07) (36.06) (35.17) 
(5) 0.5609 0.2103 —38.24 0.5429 —0.2495 .999 2.18 
(64.42) (1.84) (33.30) (32.27) (0.27) 
Planted hectares 
(6) 0.1182 —27.79 0.4040 ‚971 0.80 
(17.12) (8.09) (7.80) 
(7) 0.0089 0.1042 —36.20 0.5243 .976 0.96 
(2.32) (13.46) (5.66) (5.63) 
(8) 0.0083 0.1042 — 36.43 0.5287 5.1606 .977 1.26 
(2.34) (13.99) : (5.45) (5.40) (1.63) 
(9) 0.0073 0.1063 0.1792 —33.64 0.4881 .997 2.66 
(5.16) (36.33) (10.03) (16.17) (16.17) 
(10) 0.0065 0.1097 0.2293 —31.51 0.4553 —2.6444 .988 2.82 
(4.79) (32.47) (7.33) (16.32) (16.09) (2.26) 
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price variation influences the number of ranch- 
‘ers finding the technology profitable and the 
amount planted by those who adopt. How- 
ever, each influence appears small. The price 
elasticity of K/T for adopting ranchers is only 
about 0.05, and for planted hectares about 
0.3.3 Thus, given an estimated ceilirg of 11.5% 
of total pasture area under mean price condi- 
tions, increasing the oeef price by 10% would 
increase the ceiling only from 11.5% to 11.8%. 
Doubling the beef price would increase the 
ceiling only to 15%. 

To study the diffusion rate further, residuals 
from the simple logistic, estimated by both the 
log-linear and the nonlinear estimators, were 
regressed on a series of variables. These vari- 
ables included beef price in year г and year 
t—., the fertilizer price (net of government 
subsidy) in year ғ and t— 1, the inflation rate, 
and the Central Bank index used to adjust 
priacipal and interest payments cn pasture 


improvement loans. No variable except beef . 


price had a statistically significant coefficient.* 
A more significant coefficient was obtained 
when beef price was multiplied by a time 
trend. As more ranchers each installed more 
improved pastures, a higher proportion of pas- 
tures became marginally profitable and are 
therefore sensitive to price variation. In the 
period 1960—76, beef prices explain 60% of the 
res:dual variation for the nonlinear estimator. 
Noaetheless, the total variation about the 
logistic curve is small when compared with the 
patern predicted by the logistic itself. 


The Sensitivity of the Logistic Coefficients 
to Period Variation 


Est:mating the logistic curve for different sub- 
periods, beginning with 1961—76 and subtract- 
ing one year at a time, permitted analysis of 
сое ћсіепі sensitivity to changing numbers of 


observations. Using the nonlinear method, 


reasonably similar coefficient estimates sig- 
nificant at the 196 level were obtained for the 
period 1961-71 through 1961-76. The esti- 


3 Borrower information does not permit identification of ranch- 
ers who once adopted, but subsequently dropped, pasture im- 
provement. Hence, the measured price elasticity is probably un- 
dereszimated. 

4 The coefficients on inflation and the adjustment index dis- 
played the expected signs, assuming that inflation would reduce 
the real interest rate on partially adjusted loans amd that an in- 
creass in the adjustment index would increase the real interest raze 
ranchers expected to pay. 
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mates for the periods 1961-69 and 1961-70 
were statistically insignificant; no estimates 
were sought for earlier periods.? It appears 
that an inflection point must be reached before 
stable coefficient estimates emerge. 

The estimates of K/T for various periods 
vary only slightly, from 0.10 to 0.15. The high- 
est estimate exceeds the lowest by 50%, but 
botk are low relative to the total number of 
hectares considered suitable for improved pas- 
ture Thus, estimation of the logistic curve 
wou'd have indicated by 1971 that the ceiling 
woud be low. Even during the period of 
favorable prices and high annual net pasture 
investments, 1971—73, the estimated ceiling 
did not increase radically. The government 
therefore might have gained several important 
years by recognizing that diffusion was to be 
more limited than expected. It then could have 
devcted more resources to studying the factors 
limitng diffusion and developing policies for 
increasing it. 


Furtier Implications of the Price Coefficients 


Cattle producers in Uruguay have experienced 
extreme beef price cycles during the last two 
decades. These cycles probably explain the 
low 2stimated price elasticity of pasture im- 
provement. Because producers are accus- 
tomed to wide price cycles, producers' price 
expectations likely contain both a mean and a 
cyclizal component. If so, producers are unaf- 
fected in their long-run investment plans by 
price variations which do not alter the mean 
price component. Relatively small adjust- 
ments are made only when a permanent 
change in the mean price is expected. 

Even so, tbe effect which price variations 
have had on diffusion during recent years can 
be outlined briefly (fig. 1). In 1975, the total 
stock of improved pastures peaked at about 
1.6 million hectares, or 11.5% of total pasture 
area. The planted area declined since 1975, to 
abou: 1.3 million hectares in 1978, or 9% of 
total pasture area. The 1975 figure reflects the 
impazct of high prices during the period 1972- 
74, which raised the expected ceiling tem- 
porarily to about 13.3%. The estimated logistic 
functon indicates, however, that diffusion had 


$ The length of the diffusion period for improved pastures in 
Urugua- (twenty years) is similar to those of other technologies in 
other szuations (Mansfield 1968). 
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not ended by 1975, having reached only about 
90% of its final ceiling. Accordingly, the area 
planted to improved pastures should have 
been about 12% of total pasture area (0.9 x 
13.3). This figure is close to the 11.5% actually 
recorded. Similarly, the low prices of 1975-77 
would have lowered the ceiling to about 10.5% 
of total area. By 1978, however, the diffusion 
should have reached more than 95% of the 
(mean price) ceiling. Thus, the area dedicated 
to improved pastures would have been about 
10% of total pasture area, close to that actually 
observed, 9%. 

Assuming that prices cycle the same mean 
observed during the last twenty years, the area 
planted will average 11.5% over the price cy- 
cle. Because this ceiling already has been 
reached, no further permanent diffusion is ex- 
pected. However, when prices rise to their 
peak, about 50% above the meen price, the 
total area planted should rise to about 13%. 
When prices decline to the trough, the area 
should decline to about 10%. However, if 
either international demand for Uruguayan 
beef or government policy determining the re- 
lation between domestic and international 
prices are altered, the ‘‘permarent’’ ceiling 
could be changed. 
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The Underlying Causes of Limited 
Improved Pasture Diffusion 


Farm level information also was sought to ex- 
plain why some producers have not adopted, 
and why. adopters usually have planted, im- 
proved pastures on only a small proportion of 
their ranches. The evidence is fairly clear on 
two major issues (Jarvis 1980). First, about 
one-third of Uruguay's ranchers have not 
adopted because currently available fertilized 
grass-legume pastures do not thrive under 
some soil and climactic conditions. Second, 
improved pastures are used sparingly even on 
ranches where adoption has occurred because 
their marginal profitability declines for three 
reasons: (a) the impact of the pastures on total 
beef output varies by season and by the type 
of animal fed (under current conditions, im- 
proved pastures are profitable when planted 
principally to ease the winter forage shortage); 
(b) as a ranch's area of improved pastures is 
increased, management becomes more com- 
plex; and (c) after the improved area reaches 
about 20%-25%, forage is wasted during sea- 
sons of abundant production because existing 
herds cannot consume it, and it is not profit- 
able to harvest and store it. 
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Technological Improvements and 
the Logistic Curve 


Over time, refinements have been made in the 
availability and management of Uruguavan 
technology, resulting in some upward shift in 
improved pasture profitability. These refine- 
ments surely have extended the diffusion of 
improved pasture, though it is difficult to mea- 
sure their effects with the data available. Un- 
less similar but distinct technologies can be 
identified, we cannot determine wien the ceil- 
ing for each is reached. Accordingly, the ob- 
served diffusion path will be an aggregate fcr a 
group of technologies which appear unique but 
are developed and introduced serially. The 
shape of the aggregate diffusion path will re- 
flect the heterogeneity of soils, c.imate, and 
producers, plus the timing of new advances. In 
Uruguay, most of the important technological 
advances were made before 1966. Thus, the 
diffusion path probably has not yet been seri- 
ously affected. However, апу maor techno- 
logical improvement could result ir. additional 
diffusion, which itself could be logistic in na- 
ture. 


[Received February 1979; revision accepted 
March 1981.] 
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The Supply and Demand of Marketing 


Contracts under Risk 


Steven T. Buccola 


Bernoullian decision theory is used to characterize a firm’s willingness to purchase or sell 
a good under contract. Contract supply and demand functions are then specified in which 
willingness to contract is related to contract-pricing provisions, to decision maker risk 
aversion, to open market opportunities, and to other factors. On the basis of these 
relations, a theory of exchange is proposed which incorporates decision making under 
risk. Implications of the analysis differ by contract type; cost-plus and fixed-price 


forward deliverable contracts are emphasized. 


Key words: exchange, expected utility, forward deliverable contracts, marketing 


contracts, risk. 


Agricultural economists have made wide use 
of programming techniques to generate risk- 
efficient farm plans and marketing portfolios 
(Ward and Fletcher, Anderson, Barry and 
Willmann, Schurle and Erven). In several 
studies, the additional step has been taken of 
employing decision maker utility functions to 
generate maximum-expected-utility solutions 
(Eidman, Dean, Carter; Attanasi and Karl- 
inger). 

A principal limitation of both approaches is 
that risk-efficient portfolios and their probabil- 
ity density functions may change dramatically 
as parameters of alternative farm enterprises 
or marketing options are varied (Buccola and 
French 1978). For example, new risk-efficient 
frontiers must be developed each time the 
mean return of an individual marketing or pro- 
duction option is revised. Any normative eco- 
nomic analysis requires redevelopment of op- 
timum solutions once important parameters 
are varied. In neoclassical theory, entre- 
preneurs identify new maximum-profit output 
or input levels in response to each new output 
or input price, and these responses are incor- 
porated into a broader theory of exchange. No 
such theory has been elaborated for decision 
makers who wish to select portfolios of ex- 
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change arrangements that maximize Bernoul- 
lian expected utilitv, although related work 
has been conducted by Holthausen, Hildreth 
(1974), and Buccola and French (1979). 

In this paper, aspects of such a theory of 
exchange under risk are investigated. The 
analysis focuses on a buyer and seller of a 
fixed quantity of a single commodity, each of 
whom seeks to allocate his purchases (or 
sales) between two exchange arrangements so 
as to maximize his own expected utility. An 
example is that of a farmer who is faced at 
planting time with allocating his eventual 
product sales between forward deliverable 
contracts and open market transactions. A 
first handler may face a similar problem in 
allocating his eventual raw product purchases. 


The Seller 


Consider first a firm which plans to produce A 
units of a good; it has the choice of selling 
some of these units under marketing contract 
and some on the open market. The contract 
may take numerous forms. A wide class of 
marketing contract arrangements may be de- 
fined by expressing the price clause of the 
contract as a price base B and an associated 
contract price parameter k. For instance, the 
price received under a cost-plus arrangement. 
would be kB, where B is the seller's per unit 
variable cost of production (a random vari- 
able) and k > 1 is some positive factor. In a 
fixed-price arrangement, both k and B would 
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be stated constants. Defining М as the open 
market price, V as the proportion of A sold 
uncer contract, С as per unit variable costs, 
and F as per unit fixed costs, the seller’s profit 
a, is 


(1) 7, = A[VkB + (1 — V)M- C Е], 


where 0= V x 1. 

The form of the expected utility function 
associated with (1) depends upon the form of 
the decision maker's Bernoullian utility func- 
tion for profit. A variety of functional forms 
has been proposed. Unfortunately none of 
those exhibiting the desirable property of de- 
creasing absolute risk aversion pernit an ex- 
pec:ed utility formulation that can te 
maximized explicitly (Lin and Chang, Keeney 
and Raiffa).! This analysis is confired to the 
negative exponential function U = — exp 
[—Ат], А > 0, with constant absolute risk- 
aversion coefficient А. Freund has shown thet 
if returns т are normally distributed, the ex- 
pected utility function associated with nega- 
tive exponential utility may be maximized by 
maximizing the certainty equivalent Z = E(z) 
— (./2)var(z) if X > 0. 

Ir. the following, expected values are de- 
noted by £;, variances by 5,2, and covariances 
by Xj. Assuming that the variance of fixed 
costs F is zero, tae certainty equivzlent Z of 
riskv prospect (1) is 


(2) Z = А[а + (-E,  E,K)V] 
— (A/2)A?[b + (2c + 2dk)V 
* (Sin? a 2.55. T 5,22 )V? у], 


where 
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The portfolio proportion V* at which сег- 
tainty equivalent Z reaches an extreme value 
is 


(3) (-E, + EK) — AA(c + dk) 


AA(S,? — 2Symk + 8202) ' 


where 0 « V* < 1. Second-order conditions 
for ғ maximum are satisfied because 


982/302 = —AA*'(SQ! — 2Somk — 


y* = 


5,48) 


1 Am example is the Bernoullian utility function recommended 
by Hildreth (1977), U = ах — 6exp[—Ax] where U is utility, x is 
income, and a, 0, à > 0. Ex ~ №и, o?), expected utlity is EU = 
aj; — Jexp [7A707/2 — u], which feasibly may be maximized 
only with numerical techriques. The constant elasticity family of 
functicns recommended ty Tsaing poses similar prcblems. 
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is no1positive regardless of the value of k. The 
seller would maximize expected utility if he 
coulc sell AV* of his product under the con- 
tract arrangement and A(1 — V*) at the open 
markst price. 


Supp?y of Marketing Contracts 


Proportion V* may be interpreted as the 
seller's willingness to sell under contract. It 
increases with the expected return (Е) and 
decreases with the variance of return (52А?) of 
the contract. In addition, willingness to con- 
tract is a function of price parameter К, risk- 
aversion coefficient А, and total sale quantity 
A. Tte seller's contract supply curve is the set 
of proportions V* that is generated as price 
parameter k varies and А and A are held fixed. 
The slope of this curve is a complex function 
of k. Better insight into the behavior of the 
supply curve is provided by analysis of the 
respcnsiveness of V* to the risk-aversion pa- 
rame:er A. For this purpose, it is useful to 
define the ‘‘equi-mean’’ value of price param- 
eter z as that value which equates the ex- 
pectel values of the contract and market 
pricez; that is, it is the value of k for which 
Esk = Em, or k = E,/E,. 

If k is below equi-mean (and thus the mar- 
keting contract offers lower return than the 
open market), increases in the risk-aversion 
coefficient increase the seller's relative prefer- 
ence for the contract. If k is above equi-mean, 
increzses in risk aversion decrease relative 
preference for the contract. At the equi-mean 
point, risk aversion has no impact on such 
preferences. To prove this, note that the par- 
tial derivative of V*, the optimal contract 
share of the portfolio, with respect to А is . 


En ER Ек 
№МА(5.2 — 25. + Spk?) ` 


Where k < E,,/E,, expression (4) is positive 
(since the denominator is positive), meaning 
that V* rises with à. Where k > Em/ Ep, V* falls 
with increasing А. On the other hand, if k = 
E,,/E;. the value of (4) is always zero. 

As a consequence, increases in risk aver- 
sion cause the contract supply curve to rotate 
counterclockwise around the contract price 
parameter k’s equi-mean value. That is, in- 
creasing risk aversion decreases the sensitiv- 
ity with which optimal portfolios react to 
changes in the price parameter. The greater 
the positive or the smaller the negative corre- 


(4) a¥*/ax = 
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lation between the contract price base and the 
open market price, the greater is this rotation 
response to risk-aversion changes. It is easily 
shown that increases in the total quantity A of 
product sold also rotate the seller’s contract 
supply curve counterclockwise around pa- 
rameter k’s equi-mean value.? 


Cost-Plus and Fixed-Price Contracts 


If a cost-plus contract is envisioned, E, in (4) 
is identical to E,, the expected variable cost of 
production; furthermore Spm = Sem, and S? = 
5,2. In this case, (4) may be interpreted as 
saying that increasing risk aversion increases, 
has no effect on, or decreases preference for 
the cost-plus contract according as the ex- 
pected cost-plus price Ек falls short of, 
equals, or exceeds the expected market price 


If the marketing contract considered is in- 
stead a fixed price per unit, the optimal con- 
tract proportion V* assumes an especially 
simple form. Because the fixed price, ЕК, isa 
legally or morally binding price, its variance 
(S,?k?) and all covariances involving the con- 
tract price (Spmk and S,.k) are zero. Hence (3) 
is reduced to 


(3)! 





The slope of this supply function, that is the 
impact of a marginal increase in the fixed price 
on the optimal contract proportion, is 


1 
©) VAS” 


which is positive and invariant with respect to 
the fixed price level. Similarly, the impact of 
increasing risk aversion on the optimally con- 
tracted proportion is 


(4) 


дУ*/Ә(Е,К) = 


Em — ЕК 
MAS)? 


Fixed-price contracts have received special 
attention in the literature because farmers fre- 
quently have the choice at planting time of 
forward contracting a portion of their crop for 
a fixed and known price; the remainder can be 


2 0. 


8V*/àÀ = 


? This is seen by analysis of the partial derivative aV*/aA = 
(Em — E,k)/AA* (SS? — 2Symk + 5,20). 
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sold after harvest at the prevailing market 
price which, at planting time, is a random 
variable (Barry and Willmann; Eidman, Dean, 
Carter). Examination of (3), (5), and (4) 
provides several important insights for risk- 
averse farmers with exponential utility, facing 
normally distributed prices and costs, and 
considering fixed-price contracts. 

(a) If the covariance Sme between market 
prices and variable production costs in (3)' is 
near zero, the proportion of acreage optimally 
allocated to a fixed-price contract is less than 
100% only when the fixed price is less than the 
expected market price. 

(b) As the perceived variance of open mar- 
ket prices increases, the proportion of acreage 
optimally allocated to fixed-price contracts 
approaches 100%. 

(c) The effect of increasingly positive as- 
sociation between open market prices and 
production costs is to increase optimal prefer- 
ence for open market sales. When market 
prices and production costs are positively as- 
sociated, even extremely risk-averse farmers 
will prefer a combination of fixed-price and 
market price sales. 


The Buyer 


The buyer situation comparable to the above 
is that in which a processing firm wishes to 
purchase A units of a good, transform them in 
some way, and resell them. The buyer has the 
choice of dividing its acquisitions between 
contract and open market purchases. De- 
fining, on a raw-product-equivalent basis, R as 
the per unit resale price, T as the per unit 
variable cost of transformation, G as the per 
unit fixed cost of transformation, W as the 
proportion of goods purchased by contract, 
and all other symbols as previously noted, the 
buyer's profit 7, may be represented as 


(6) m = A[R - WkB - (1- WM - T- G], 


where 0 = W= 1. 

If prices and yields are normally distributed 
and the buyer has exponential profit utility 
with absolute risk-aversion coefficient y, the 
certainty-equivalent function Y corresponding 
to (6) is 


(7) Y= A[j + (En — EJOW] 
— (у/2)А 7+ (22 + 2hk)W 
+ (Sn — 25,6 SKW], 
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| 


= -Sm + Smr б E, 

= — Sp, + Som + Sp = Q. 

The portfolio proportion W* at which the 
buver's certainty equivalent, and thus his ex- 
pected utility, reach an extreme vzlue is 


(8) ж — (Em p ЕК) a yA(g + hk) 7 
YA (Sm = 2Somk + S,7k*) 


This again represents a maximum because 
927/9W? = —yA?*(S,? — 2Symk + 5,202) = 0. 


where 
J= Е. ~ E, -GZz0, 
fes es 5 
a 2(S mr + Sh 2 mt) = 0, 
8 
А 


Deinand for Marketing Contracts 


Prcportion W* is the buyer's demand for pur- 
cheses under contract; the relation between 
W* and k is the buyer’s contract demand 
curve. Propositions analogous to those proven 
for the seller can also be proven for the buyer. 
For example, if k is below the equi-mean point 
(and thus the contract price offers higher ex- 
pected return than the open market), increases 
in risk aversion decrease the buyer's relative 
preference for contract purchases. If k is 
abcve equi-mean, higher risk aversion in- 
creases relative preference for cortract pur- 
cheses. At the equi-mean point, risk aversion 
has no impact on optimal portfolio preference. 
These relations, which are opposite in sign to 
those holding for sellers, are characterized by 
the partial of W* with respect to risx-aversion 
coefficient y: 


—Em + БК 
PA (Sa? — 2Somk + SUE). 


Equation (9) is negative, positive, or zero ac- 
cording as k falls short of, exceeds, or equals 
Ем, Ey, the equi-mean value. Thus the buyer's 
cortract demand curve rotates clockwise 
around the equi-mean value Е,„/ E, as absolute 
risk-aversion coefficient y rises. 


(9) aW*/ay = 


Fix2d-Price Contracts 


In che special case of a fixed-price contract, 
the demand curve is always negativzly sloped 
and linear. This holds because whea 5,2 = 0, 
(8) is reduced to 
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(А ж — 

8) W JAS% 
ae es Кы Ek at (Smr a Sm) 
VAS m” Sm? 

the slope of which is 

$ —1 

* ———— < 

(107 aW*/a(E,k) = An 0, 


` a constant with respect to the initial level of 


fixe- price Бк. Implications of (10) are that 
the buyer’s demand for fixed-price purchases 
bec-mes perfectly inelastic with respect to 
cha-ges in the fixed price as the absolute 
risk-aversion coefficient, the total quantity 
sought for purchase, or the perceived variance 
of s»ot market prices becomes large. In (8)', 
covzriance Sm between raw product market 
prices and transformation costs is normally 
small; but the association Sm, between raw 
product and finished product market prices is 
oftem strongly positive. Under these condi- 
tione the third term in (8)' will have negative 
effet, so that buyers with high risk aversion 
wil always prefer some spot market pur- 
chazes. Note that when the contract price is 
fixe? and risk-aversion coefficients of buyer 
and seller are identical, slopes of the supply 
and demand curves are equal and opposite in 
sign (compare [5] and [10]).? 


Equsiibrium 


It is instructive to define conditions under 
which seller and buyer agree on the portfolio 
proportions théy would allocate to contract 
transactions. Assume the two traders have 
equal bargaining power and identical subjec- 
tive probability distributions of revenues and 
cost:. Then the contract price parameter &, for 
which trade agreement is reached is that value 
of k for which V* in (3) equals W* in (8). 
Equ=ting the right-hand sides of (3) and (8); 
divicing each by a = y/d, then cross- 
mul: plying and cancelling terms, this is 
equrvalent to the value of k for which 


УАГ Em — Ek) — yA(g + hk)] 
= ayA[(— E, + Rk) — ХА(с 
+ dk)]. 


3 Fx cost-plus contracts, the slopes are approximately equal 
under hese conditions because terms AA(c + dk) and yA(g + Ak) 
in (3) snd (8) are small relative to (Em — E,k). In the absence of the 
two fe-mer terms, V* would be identical to —W*, so that 8V*/ak 
woulc equal —aW*/ak. 
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Regrouping terms, solving for equilibrium 
value ke, and substituting for g, c, h, and d, 


Ea + æ) — YA (Smr — Smt — Smo) | 
Ej(1 + a) — yA(Sor — Sy — Sve) 


The equilibrium parameter increases with the 
expected market price and with the 
covariances between market price and pro- 
duction costs (Sm: and Sme). It decreases with 
increases in the covariance between raw and 
final product market. prices (Smr). 

If a cost-plus contract is considered, the 
contract price basis B is identical to C (per unit 
variable cost), so that Sj, = S > 0. In many 
situations, furthermore, covariances Sp, = Ser, 
Sy = Sq, Sm, and Sme are near zero. Making 
these assumptions, (11) reduces to ` 


(11) E,(l + a) "S YAS nr 
E.(1 + a) + yAS.? 


Hence, for the frequent, but not universal, 
case in which raw product and finished prod- 
uct market prices are positively correlated 
(Smr > 0), ke is less than E,/E,. That is, the 
expected equilibrium cost-plus price, Eeke, is 
less than the expected market pzice Е. 

If a fixed-price contract is considered, B is 
nonstochastic and 5, = Sy, = 5, = 0. Equa- 
tion (11) then reduces, in cross-multiplied 
form, to 


ap” Eske = Em = YA(Smr — Sm: 
= Smc)/(1 + a). 


The equilibrium fixed contract price, E,k,, is 
less than the expected market price Em if, as 
would be true in many cases, the covariance 
Smr between raw product and finished product 
market prices is algebraically greater than the 
sum (Sm + Sme) of covariances between raw 
product market price and produciion costs. In 
general, the equilibrium fixed price depends 
on the relative magnitudes Smr and (Sme + Se) 
as well as on o. If seller and buyer are risk 
neutral (y = а = 0), or if all prices and costs 
are uncorrelated (Smr = Sm = Sme = 0), the 
equilibrium fixed price equals the expected 
market price. In the latter case, all goods are 
sold by fixed-price contract because V* in (3) 
апа W* in (8) equal one. 


(11) ke = 


ke = 


Applications 


Data drawn from contract negotiations at 
planting time between a California tomato 
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processor and producers are now used to illus- 
trate some of the above relationships.* 


Cost-Plus 


In the first application (figure 1), producer and 
processor each select a marketing portfolio 
consisting of some combination of cost-plus 
contracts and open market transactions. Thus, 
V* represents the proportion of total acreage 
the tomato seller optimally allocates to cost- 
plus sales, and W*, the proportion of total 
acreage the tomato buyer optimally allocates 
to cost-plus purchases. Quantities (1— V*) and 
(1 — W*) represent the proportions of total 


-acreage optimally allocated by each to market 


price sales or purchases. By (3) and (8), pro- 
portions V* and W* are functions of markup 
parameter k. 

The first set of supply and demand curves 
(solid lines) in figure 1 were derived using 
absolute risk-aversion coefficients actually es- 
timated from utility responses of a tomato 
producer and tomato processor representa- 


* The modeled producer had 1,333 acres of tomatoes to sell on 
contract to a single processor, and the processor sought to pur- 
chase by contract a total of 30,000 acres of tomatoes from all 
growers. Because total buyer volume exceeded total seller vol- 
ume, it was assumed that the buyer treated all sellers alike from 
the standpoint of contract negotiations. Means, variances, and 
covariances were estimated from historical price and cost series 
and from decision makers' subjective probabilities. Chi-square 
tests of the null hypotheses that each price and cost variable was 
normally distributed did not indicate any non-normality at the 5% 
confidence level (Buccola and French 1978). 


Equi-mean Value 


142 


138 


134 


Cost-plus markup , k 


130 





10 - 30 50 70 90 
Portfolio proportions, V* and W°, of cost-plus option (%) 


Figure 1. Equilibrium portfolio agreement 
between seller and buyer when the alternative 
marketing options are cost-plus and market 
price ў 
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tive. (They were А = .0012 for the producer 
and y = .000045 for the processor, where 
profit is expressed in $1,000 units.} Increases 
in cost-plus markup k increase the proportions 
of total acreage offered by the producer on a 
cost-plus contract basis and decrease the pro- 
portions of total acreage sought by the pro- 
cessor on a cost-plus contract basis. Despite 
the complex form of functions (3) and (&), 
each is relatively linear in this example. Opti- 
mal portfolio proportions of buyer and seller 
agree only where k = 1.374, that is, where the 
cost-plus contract pays 137% of variable pro- 
duction costs. This is considerably below the 
equi-mean value (1.222) where cost-plus and 
market price formulas have equal expected 
value. The dotted line in figure 1 results when 
the processor-buyer's risk-aversion coefficient 
is increased: the demand curve rotates 
clockwise around equi-mean value k = 1.422, 
and the equilibrium value of k (that is ke) falls 
to 1.325. 


Fixed-Price 


In the second application (figure 2), the pro- 
ducer optimally allocates a proporion V* of 
his tomato acreage to fixed-price-pzr-ton far- 
wacd deliverable contracts and the remaining 
prcportion (1 — V*) to open market sales. The 
prccessor optimally zllocates a proportion W* 
of the tomato acreage he contracts to fixed- 
price terms and the remainder (1 — W*) to 
open market purchases. Because acres rather 
than tons are согігасгеа in this instance, some 


Buyer Sort 0} 


Price parameter, k 


тг2® 





10 50 50 70 90 
Portfolio proportions, V* and W°, of fixed - price option (%) 


Figure 2. Equilibrium portfolio agreement 
between seller and buyer when the alternative 
marketing options are fixed price and market 
price 
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yield risk remains in the fixed-price contract, 
and t is not strictly true that S, = Sym = $ = 
0. However, the estimated coefficient of varia- 
tion of tomato yields was small (less than 3%) 
and considered negligible for our purposes. 
The fixed price, represented by Ek, is here 
varied by varying К and holding E, constant, 
such that E,,/E, = 1.422 (as in figure 1). Thus, 
a forward contract’s fixed price per ton 
equelled the expected tomato market price 
per :on when k equalled 1.422. 

Three situations are depicted in figure 2. In 
the <irst (solid lines), the covariance between 
market prices of raw tomatoes and processed 
tomato products (Smr) was as empirically es- 
timated. Because this covariance was positive 
(correlation = .514) and greater than co- 
variance sum (Smi + Smo) in (11)', the equilib- 
rium fixed-price level Epke was less than ex- 
pected market value E,,. In the second situa- 
tion. covariance Sm, was set at zero, with the 
result that the processor-buyer's demand 
curve, equation (8), shifted to the right. 
Quantity yA(S;, + Smo) in (11) was a rela- 
tively small number in this example; thus, in 
the new equilibrium solution the fixed tomato 
price approximately equalled the expected 
market value of tomatoes. For the third situa- 
tion. covariance Sm, was assigned an arbitrary 
negetive value (correlation = -—.179), the 
buyer demand curve shifted further to the 
right, and no equilibrium solution was 
achizved. Further buyer-seller negotiations 
wou.d, if conducted on an equal-market- 
powsr basis, result in a fixed price somewhere 
above the expected market value. 


Conclusions 


Exp.icit representation of decision makers’ 
expected utility functions provides important 
insights into rational marketing portfolio selec- 
tion. In general, a decision maker's demand 
for each marketing alternative is a function of 
the contract price parameters specified. Quan- 
tities that sellers wish to trade under each al- 
ternative may be expressed as positively 
sloped contract supply curves. Quantities that 
buyers wish to trade may be expressed as 
negatively sloped contract demand curves. 
Mutually agreeable marketing portfolios then 
can 5e determined using standard equilibrium 
methods. 


Buccola 


The analysis shows that, among individuals 
with exponential utility, sensitivity of optimal 
marketing portfolios to changes in contract 
price parameters diminishes as risk aversion 
rises. Negotiated equilibrium levels of such 
parameters as cost-plus markups or fixed 
prices depend critically upon perceived 
covariances between revenue and cost vari- 
ables in buyers' and sellers' profit functions. 
Only in special cases, such as when decision 
makers are risk neutral or covariances are 
zero, could one anticipate that all negotiated 
price formulas would have equal expected 
values. 

An important application of this analysis to 
farmer market contracting is where farmers 
are faced with the choice at planting time be- 
tween sales at fixed-price, forward deliverable 
contracts and sales at eventual open market 
prices. An example suggests that mutually 
agreeable fixed prices for forward deliver- 
able contracts are highly sensitive to the 
covariance that (a) the buyer perceives be- 
tween raw product and finished product 
prices, and (b) the seller perceives between 
raw product prices and farm production costs. 
Other than by reference to these covariances, 
and to the risk aversion of the buyer relative to 
the seller, it is impossible to determine 
whether fixed prices negotiated on an equal- 
market-power basis will be above, equal to, or 
below expected market prices. 

The present framework does not permit 
sellers and buyers to select the stage in the 
production process at which it would be opti- 
mal to contract. However, given its static lim- 
itations, the framework is applicable to a wide 
variety of pricing arrangements between 
sellers and buyers, including use of futures 
contracts. Its principal value is to extend the 
theory of exchange to cases in which the out- 
comes of marketing arrangements are not 
known with certainty. 


[Received April 1980; revision accepted 
February 1981.] 
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An Interval Approach to Measuring 
Decision Maker Preferences 


Rebert P. King and Lindon J. Robisor 


A method for constructing interval measurements of decision make-s’ absolute 
risk-aversion functions is presented. Under this new procedure, thz form of the absolute 
risk-aversion function is not restricted, and the precision of the inte-val measurement can 
be determined by the analyst. Interval measurements are used мії} the criterion of 
stochastic dominance with respect to a function to order uncertain : ћоісеѕ. An empirical 
test shows that interval measurements exclude preferred choices fr »m consideration less 
ofte2 than do single-valued utility functions and are more discrimir=ting than first- and 


seccnd-degree stochestic dominance. 


Key words: prefererce measurement, risk aversion, stcchastic dcminance, uncertainty. 


Agricultural producers operate in a highly un- 
cer:ain decision-making environment. Recog- 
niz:ng this, agricultural economists have made 
corsiderable progress in incorporating uncer- 
tainty into the framework for decisicn analysis 
(e.g., Halter and Dean; Dillon; Anderson, Dil- 
lon, Hardaker). These advances often have 
proved difficult to implement in practice, 
however, and in many instances the impact of 
uncertainty is either ignored or treated in a 
maaner that is difficult to reconcile with 
theory. 

The expected-utility hypothesis is the basis 
for much of the theory of decision making 
uncer uncertainty. It states that choices made 
under uncertainty are affected by the decision 
maxer's preferences and expectations, and it 
provides a general decision rule—expected 
utility maximization—which integrates infor- 
ma-ion on these two factors to identify pre- 
ferred choices. Despite its wide acceptance as 
a theoretical tool, important operational prob- 
lems make the expected-utility hypothesis 
difficult to apply in the analysis of actual deci- 
sions. One such problem is that use of the 
expected-utility hypothesis requires explicit 
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information about the decision maker's pref- 
ererzes. Unfortunately, as Young et al. note, 
prefzrences are difficult to measure accurately 
enocgh to permit the reliable evaluation of 
alteraative choices. 

Ir this paper, a new method for measuring 
prefzrences is introduced. This method over- 
comes many of the problems stemming from 
the ase of existing procedures and can be a 
useful tool in applied decision analyses. In the 
sectons which follow, currently used tech- 
niqu2s for measuring and representing prefer- 
ences are first reviewed. A recently developed 
critezion for ordering uncertain choices, 
stockastic dominance with respect to a func- 
tion (Meyer 1977a), is then introduced, and a 
prefzrence measurement technique designed 
to bz used in conjunction with this criterion is 
presented. Procedures for implementing this 
new method are then described, and the re- 
sultz of an empirical test of its effectiveness 
are aresented. 


Exising Techniques for Measuring and 
Representing Preferences 


The most direct way to measure preferences is 
to derive the decision maker's utility function. 
Utilzy functions relate the outcomes of 
chokes to single-valued indices of desirability. 
As =uch, they are exact representations of 
prefzrences. Because of shortcomings in the 
desizn of preference elicitation interviews 
(Offer and Halter, Binswanger), problems in 
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statistical estimation (Knowles), and respon- 
dents’ own lack of precise knowledge about 
their preferences (Zadeh), however, utility 
functions also tend to be unreliable. Despite 
such problems, a utility function, once esti- 
mated, is usually treated as an exact represen- 
tation of preferences when alternative choices 
are ordered. Any absolute difference in the 
expected utilities of two choices is taken as a 
clear indication that one is preferred to the 
other. As a result, inaccuracies in an elicited 
utility function can cause the rejection of a 
choice actually preferred by the decision 
maker. 

Imprecision in the measurement of decision 
maker preferences can be recognized explic- 
itly be using an efficiency criterion rather 
than a single-valued utility function to order 
alternatives. An efficiency criterion is a de- 
cision rule that provides a partial ordering of 
choices for decision makers whose prefer- 
ences conform to a specified set of condi- 
tions. For example, first- and second-degree 
stochastic dominance (Hadar and Russell; 
Hanoch and Levy) are among tae simplest 
efficiency criteria. First-degree stochastic 
dominance holds for all decision makers who 
prefer more to less—i.e., for all those who 
have positive marginal utility for the perfor- 
mance measure being considered. Second- 
degree stochastic dominance places an addi- 
tional restriction on preferences. It requires 
that the decision maker’s marginal utility be 
both positive and decreasing. Other familiar 
efficiency criteria, such as mean-variance 
efficiency (Markowitz) and mean-absolute de- 
viation efficiency (Hazell), impose alternative 
sets of restrictions on preferences and/or on 
the form of the probability distributions of the 
performance measure. 

The use of an efficiency criterion to order 
choices is, in many respects, preferable to the 
use of a single-valued utility function. No di- 
rect preference measurements need be made, 
and, if enough alternatives can be eliminated, 
a final choice can be made by direct compari- 
son of the outcome distributions af those that 
remain. Unfortunately, the most commonly 
used efficiency criteria have several serious 
shortcomings which limit their usefulness. 
First, they often are not discriminating 
enough. In an application of second-degree 
stochastic dominance by Anderson, for exam- 
ple, twenty of forty-eight randomly generated 
farm plans were in the efficient set. Further- 
more, the restrictions on preferences imposed 
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by an efficiency criterion may be difficult to 
reconcile with theoretical and empirical 
findings. Again focusing attention on second- 
degree stochastic dominance, strong theoreti- 
cal arguments have been made for the possibil- 
ity of increasing marginal utility over certain 
outcome ranges (Friedman and Savage; 
Kahneman and Tversky), and empirical evi- 
dence indicates that agricultural producers do 
at times exhibit increasing marginal utility 
(Officer and Halter; Conklin, Baquet, Halter; 
Dillon and Scandizzo; Halter and Mason). Fi- 
nally, unrealistic assumptions also may be im- 
posed on probability distributions. Under 
mean-variance efficiency, perhaps the most 
widely used efficiency criterion in the agricul- 
tural economics literature, outcome distribu- 
tions are assumed to be normal. This assump- 
tion is highly suspect, given the skewed nature 
of price and yield distributions in agriculture. 
There is a need, then, for efficiency criteria 
which are both more flexible and more dis- 
criminating than those described above. Fur- 
thermore, there is a need for preference mea- 
surement techniques which, though less pre- 
cise than those used to construct single-valued 
utility functions, provide an empirically based 
representation of a decision maker's prefer- 
ences. In the two sections which follow, a 
more powerful efficiency criterion, stochastic 
dominance with respect to a function (Meyer 
1977а), is introduced, and a preference mea- 
surement technique designed to be used in 
conjunction with this criterion is presented. 


Stochastic Dominance with Respect 
to a Function 


Stochastic dominance with respect to a func- 
tion is an evaluative criterion which orders 
uncertain choices for decision makers whose 
absolute risk-aversion functions lie within 
specified lower and upper bounds. The abso- 
lute risk-aversion function (Arrow, Pratt), 
r(y), is defined by the expression: 


(1) rO) = -u'()/u' (у), 


where u’(y) and и” (у? are the first and second 
derivatives of a von Neumann-Morgenstern 
utility function u(y). In the most abstract 
terms, values of the absolute risk-aversion 
function are simply local measures of the de- 
gree of concavity or convexity of a utility 
function. As such, they also serve as indi- 
cators of the extent to which a decision maker 
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is risk-averse or risk-loving. Perhaps the most 
important propertv of the absolute risk- 
aversion function, however, is that it is a 
unique measure of preferences, while a utility 
frnction is unique only to a positive linear 
transformation.! In effect, then, upper and 
lawer bounds on a decision maker's absolute 
risk-aversion function define an interval rep- 
resentation of preferences. Stochastic domi- 
nance with respect to a function orders 
choices on the basis of such a representation. 

More formally stated, stochastic dominance 
with respect to a function is a criterion which 
establishes necessary and sufficient conditions 
for the distribution of outcomes defined by the 
cumulative discibution function F(y) to be 
preferred to that defined by the cumulative 
distribution function G(y) by all individuals 
whose absolute risk-aversion functions lie 
everywhere between lower and upper bounds 
ry) and (у). As developed by Meyer 
(1977a), the solution procedure requires the 
identification of a utility function u,(y) which 
minimizes 


(2) [ [60 - F0)w'0)45, 
subject to the constraint, 
(3) ri) = —ин"(у)/и' (у) = rely), 


for all y. The expression in equation (2) is 
ecual to the difference between the expected 
utilities of outcome distributions F(y) and 
Сту). If, for a given class of decision makers, 
the minimum of this difference is positive, 
F(y) is unanimously preferred to G(y), since 
this implies that the expected utility of F(y? is 
always greater than that of G(y). If the mini- 
mim is zero, it is possible for an individual in 
the relevant class of decision makers to be 
indifferent between the two alternatives, and 
thzy cannot be ordered. Should the minimum 
be negative, F(v) cannot be said to be unani- 
mously preferred to С(у). In this case, the 
expression 


" | тво) - G0)]v04y 


must then be minimized subject to equation 
(31 to determine whether G(y) is unanimously 


! Because a utility fanction is unique only to a positive lirear 
trarsformation, u(y) and 


иу) = а + buty, b 5 0 


are strategically equivalent, though perhaps highly dissimilar, util- 
ity functions. The absolute risk-aversion functions of these two 
util&y functions, however, are identical. 
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preferred to F(y). It should be noted that a 
complete ordering is not ensured by the crite- 
rior. It is possible for the minimum of both 
equations (2) and (4) to be negative, which 
implies that neither distribution is unani- 
mously preferred by the class of decision 
maxers being considered. 

Meyer uses optimal control techniques to 
derive the necessary and sufficient conditions 
for the solution of this problem. These condi- 
tions define a rule for determining the absolute 
risk-aversion function of the utility function 
wh ch minimizes equation (2)—a rule can be 
aprlied if the relatively unrestrictive assump- 
tion that [G(y) — F(y)] changes sign a finite 
nunber of times is met. Details of the solution 
tecanique are given in Meyer (19772), and an 
example showing how the solution can be im- 
plemented is given in King and Robison 
(1931). 

The major advantage of this criterion is that 
it imposes no restrictions on the width or 
shape of the relevant risk-aversion interval. 
The lower and upper bound absolute risk- 
aversion functions need not be constants and 
can be placed anywhere in risk-aversion 
space. Less flexible efficiency criteria, such as 
firs- and second-degree stochastic domi- 
nance, can be viewed as special cases of this 
more general criterion. The requirement under 
firs-degree stochastic dominance that margi- 
nal utility be positive places no restrictions on 
the decision maker's absolute risk-aversion 
function—i.e., (у) = —o and (у) = œ for all 
possible values of y. The requirement under 
second degree stochastic dominance that mar- 
ginzl utility be decreasing as well as positive, 
on “he other hand, implies that no) = 0 and 
ro(y| = © for all values of y. 

A. simple example will help to demonstrate 
the advantages of stochastic dominance with 
respect to a function. Consider the three out- 
come distributions in table 1. Let them repre- 
sen- probability distributions of net farm in- 
come levels associated with three distinct, 


Table 1. Probability Distributions of Net 
Farn Income for Three Hypothetical Farm 
Plams 


A B c 
ee ($)------------------- 
9.9508 10,000 10,100 
12.000 12,000 10,100 
13.075 13,000 10,100 





a Eaca element of each distribution has a one-third probability of 
occurring. 
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hypothetical farm plans. Assume that a 
single-valued utility function of the following 
form has been elicited for an agricultural pro- 
ducer: 


(5) 


where y is net farm income and .0003 is an 
estimated constant value of the decision 
maker’s absolute risk-aversion function. This 
value falls within the range suggested by 
Freund. Using this utility function and the cri- 
terion of expected utility maximization to 
order the three farm plans, В is preferred to A, 
and both A and B are preferred to C. The 
difference in the expected utilities of plans A 
and B is quite small, however. Most decision 
makers would have difficulty choosing be- 
tween them in an actuel decision situation, and 
many would ask for additional information be- 
fore selecting one over the other. With strict 
reliance on the ordering provided by equation 
(5), however, only plan B would be presented 
to the decision maker. 

Plans A and B cannot be ordered under the 
criteria of first- and second-degree stochastic 
dominance. The difficulty decision makers 
would have in ranking these distributions is 
recognized, then, under these criteria. Unfor- 
tunately, they also fail to order distribution C 
with respect to either A or B. This is true 
because the ultimate risk averter, the decision 
maker who employs a maximin decision 
rule and so prefers distribution C, is included 
in the class of decision makers for whom both 
first and second degree stochastic dominance 
hold. As a result, nothing is eliminated from 
consideration. 

Finally, if these three distributions are eval- 
uated using stochastic dominance with respect 
to a function with lower and upper bounds on 
absolute risk aversion being set at .0001 and 
.0004, only plans A and B are in the efficient 
set. Unlike the single-valued utility function, 
then, this criterion does not require an exact 
representation of preferences and does not 
limit the efficient set to a single choice when 
the ordering of some alternatives may be sen- 
sitive to small errors in the measurement of 
preferences. Unlike other first- and second- 
degree stochastic dominance, it does not re- 
quire that fixed restrictions be imposed on the 
representation of preferences. Rather, be- 
cause the bounds on absolute risk aversion 
can be placed anywhere in absolute risk- 
aversion space and as close together as de- 
sired, stochastic dominance with respect to a 


u(y) = — @70003и, 
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function can be the basis for a more complete 
ordering than can be obtained with these crite- 
ria. 

The problems associated with single-valued 
utility functions and first- and second-degree 
stochastic dominance are not particularly 
serious when only a few choices are involved, 
as is the case in this example. In situations 
where the number of possible actions is quite 
large and some optimization procedure is used 
to evaluate them, as is typical in farm-planning 
problems, these shortcomings do become im- 
portant. In such an analysis one must question 
the wisdom of presenting the decision maker 
with a single optimal plan based on unreliable 
preference measurements, and one must ques- 
tion the value of presenting him with an 
efficient set of choices containing a very large 
number of plans. Stochastic dominance with 
respect to a function has the potential for al- 
leviating these difficulties by allowing the 
analyst to specify the degree of precision with 
which preferences are represented. 


An Interval Approach to the Measurement 
of Decision Maker Preferences 


Stochastic dominance with respect to a func- 
tion is a powerful analytical tool. If it is to be 
used in an applied context, however, an opera- 
tional procedure for the determination of 
lower and upper bounds on a decision maker’s 
absolute risk-aversion function is required. 
Such a procedure is introduced in this section. 
It uses information revealed by a series of 
choices between carefully selected distribu- 
tions to establish lower and upper bounds on 
an individual's absolute risk-aversion func- 
tion. The degree of precision with which pref- 
erences are measured—i.e., the size of the 
interval between the lower.and upper bound 
functions—can be specified directly in accor- 
dance with the characteristics of the problem 
under consideration. At one extreme, the 
interval can be of infinite width; at the other 
extreme, it can converge to a single line. 
The procedure for constructing interval 
measurements of decision maker preferences 
is based on the premise that under certain 
conditions, a choice between two distributions 
defined over a relatively narrow range of out- 
come levels divides absolute risk-aversion 
space over that range into two regions: one 
consistent with the choice and one inconsis- 
tent with it. The properties of the two distribu- 
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tioas determine the level of absolute risk aver- 
sion at which the division is made and so 
define the two regions. The decision maker's 
preferences, as revealed by his ordering of the 
two distributions, determine into which of the 
two regions his level of absolute risk aversion 
is said to fall. By confronting the decision 
maxer with a series of choices between care- 
fully selected pairs of distributions, the region 
of zbsolute risk-aversion space consistent with 
the decision maker's preferences can re- 
peatedly be divided. With each choice, a por- 
tion of that region is shown to be inconsistent 
witn the decision maker's preferences, and the 
interval measurement for the level of absolute 
risk aversion is narrowed. The procedure con- 
tinues until a desired level of accuracy is at- 
tained. 

The validity of the premise that a choice 
between two distributions is, under certain 
conditions, the basis for a division of absolute 
risk-aversion space into regions consistent and 
inconsistent with a decision maker's revealed 
preferences can be demonstrated using a 
theorem proved by Meyer (1977b, p. 483). The 
theorem states that, given cumulative distribu- 
tion functions F(y) and С(у), F(y) is preferred 
to G(y) by all decision makers more risk- 
avezse than the utility function k(y), and deci- 
sior makers having utility function k(y) are 
indifferent between the two distributions only 
ЁС у) is preferred to F(y) by decision makers 
less risk-averse than k(y).? The function k(y), 
ther, can be called a boundary function be- 
cause it separates a class of decision makers 
whc prefer F(y) from a class who prefer G(y). 

If the distributions F(y) and G(y) are defined 
over a narrow range of outcome levels, and if 
the decision maker's absolute risk-aversion 
function can be approximated by a constant 
value А over that range, preference for F(y) 
implies that À is greater than or equal to the 
minimum value of the absolute risk aversion 
associated with kiy). Otherwise, the decision 
maker would be less risk-averse than (у), 
and his choice would be inconsistent with ex- 
pected utility maximization. Preference for 
G(y), on the other hand, implies that À is less 
than or equal to the maximum value of the 
absolute risk-aversion function associated 
with k(y), since F(y) is preferred by all deci- 
sion makers more risk-averse than k(y). It 


2 Using Pratt's definitioa of risk aversion in the large, г decision 
maker with utility function u(y) is more (less) risk-averse than k(y, 
if the absolute risk-aversion function associated with u(y) is 
everywhere greater (less) than that associated with k(y). 
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should be noted that the assumption that a 
decision maker's absolute risk-aversion func- 
tion can be adequately approximated by a 
constant value over a narrow range of out- 
coms levels is critical here. The theorem 
stated above does not imply that decision 
makers who prefer F(y) to G(y) are more ^ 
risk-averse than k(y); nor does it imply that 
decision makers who prefer G(y) to F(y) are 
less risk-averse than k(y). With the assump- 
tion of constant absolute risk aversion in the 
neighborhood of a given outcome level, how- 
ever it can be inferred that decision makers 
who prefer F(y) to G(y) are not less risk- 
averse than k(y) , and those who prefer G(y) to 
F(y) are not more risk-averse than k(y). 

Bcundary functions do not exist for each 
pair of distributions. For example, one would 
not exist if one distribution dominates the 
othe: by first-degree stochastic dominance. 
Similarly, the existence of one boundary func- 
tion does not preclude the existence of others. 
In general, however, the properties of a boun- 
dary function for two distributions are deter- 
mined by the distributions. By careful selec- 
tion of distributions, a boundary function can 
be placed anywhere in risk-aversion space. A 
series of comparisons can be devised, then, 
which focuses successively on different re- 
gions of absolute risk-aversion space and so 
allows the repeated reduction of the range of 
risk-aversion levels consistent with the re- 
vealed preferences of a decision maker. 

An example will help to illustrate how the 
procedure works. Consider the three outcome 
distributions given in figure 1. Each contains 





1. Согзраге distributions 1 and 2, and indicate which 
one you prefer. If you prefer distribution 1, go to 
question 3; otherwise, go to question 2. = 

2. Compare distributions 1 and 3, and indicate which 
one you prefer. =% 

3. Compare distributions 2 and 3, and indicate which 
one you prefer. РЕ 





DISTRIBUTIONS 
i 2 3 
2,100 1,000 1,750 
2,400 2,050 1,950 
2,550 2,650 2,500 
3,100 3,800 2,750 
3,250 3,900 3,950 
3,450 5,200 4,000 





? Each element of each distribution has a one-sixth probability of 
occurring. 

Figure 1. A sample questionnaire for interval 
preference measurement 
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six possible outcomes said to have equal prob- 
ability of occurring. Using stochastic effi- 
ciency criteria developed by Meyer (1977b), 
it can be shown that distribution 1 is pre- 
ferred to distribution 2 by all decision mak- 
ers whose level of absolute risk aversion is 
greater than .0005 over the range of outcome 
levels covered by these two distributions. Dis- 
tribution 2, on the other hand, is preferred by 
all decision makers whose level of absolute 
risk aversion is less than .0001.? The two dis- 
tributions cannot be ordered by unanimous 
preference over the interval (.0001, .0005), 
which can be termed a boundary interval in 
risk-aversion space. The absolute risk-aver- 
sion function associated with a boundary 
function. for these two distributions lies 
everywhere within this interval over the range 
of outcome levels being considered. If a deci- 
sion maker prefers distribution 1 to distribu- 
tion 2, and if it is reasonable to assume that his 
absolute risk-aversion function can be ade- 
quately approximated by a constant value 
over the range of outcome levels covered by 
these distributions, it can be concluded that 
his level of absolute risk aversion over that 
range is not less than .0001, since there is 
unanimous preference for distribution 2 by de- 
cision makers less risk-averse than .0001. 
Similarly, if he prefers distributicn 2, it can be 
concluded that his level of absolute risk aver- 
sion is not greater than .0005. Therefore, pref- 
erence for either one.of the two distributions 


? Meyer (1977b) shows that distribution F(y) is preferred to 
G(y) by all decision makers more risk-averse than k(y) if 


[ [GG — F(x)]k'@)dx = 0 


for all y, and if the inequality is strict for some value of y, and that 
G(y) is preferred to F(y) by all decision makers less risk-averse 
than Ду) if 


[t6 — F(x)k'(x)dx x0 


for all y, and if the inequality :s strict for some value of y. In this 
instance k(y) takes the negative exponential form, — e^", where A 
is a constant level of absolute risk aversion. Let F(y) and G(y) be 
the cumulative distribution functions of distributions 1 and 2, re- 
spectively. Since 


| [С(х) – F(x))[.0005e-9951dx 2.0 
for all у, and 
| TG) — F(x) ][.0001e-=]dx <0 


for all y, with the inequality being strict for some y in each case, it 
can be concluded that distribution 1 is preferred by all decision 
makers more risk-averse than .0005 and that distribution 2 is 
preferred by those less risk-averse than .0001. 
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identifies a portion of risk-aversion space in- 
consistent with the choice made. 

Boundary intervals also can be identified for 
distributions 1 and 3 and distributions 2 and 3. 
For distributions 1 and 3, the interval is 
(—.0001, .0001), with distribution 3 preferred 
below the boundary interval and distribution 1 
preferred above it. For distributions 2 and 3, 
the interval is (.0005, .0010), with distribution 
2 preferred below and distribution 3 preferred 
above. 

Using this information as a guide, the series 
of questions at the top of figure 1 was spec- 
ified. The decision maker is always asked to 
make the first comparison, but which of the 
second two he makes will depend on the 
choice he makes in the first. For example, if 
distribution 2 is preferred to distribution 1 in 
the first comparison, this implies that the deci- 
sion maker’s level of absolute risk aversion is 
less than .0005. He is then directed to compare 
distributions 1 and 3. If he prefers distribution 
1, his level of absolute risk aversion is shown 
to be greater than —.0001. This combined with 
the information from the first comparison indi- 
cates that his level of absolute risk aversion 
lies on the interval (—.0001, .0005). Had he 
preferred distribution 3, his level of absolute 
risk aversion would have been shown to be 
less than .0001, which, when combined with 
the information from the first question indi- 
cates that it lies on the interval (—оо, .0001). 
Note that, given preference for distribution 1 
in the first comparison, the third comparison 
would not provide any new information. It 
could serve as a consistency check, however, 
since preference for distribution 3 in this case 
would not be consistent with preference for 
distribution 1 in the first question. 

By making interval measurements in the 
neighborhood of several outcome levels and 
interpolating between known values, lower- 
and upper-bound absolute risk-aversion func- 
tions can be constructed for a much wider 
range of outcomes. Each of the two absolute 
risk-aversion intervals shown in figure 2 was 
based on four such measurements. In this in- 
stance, net income was the performance vari- 
able, and possible values ranged from a loss of 
$5,000 to a gain of $30,000. It should be noted 
that the form of absolute risk-aversion func- 
tions based on interval measurements is not 
restricted. For decision maker A, the bounded 
interval slopes downward as income in- 
creases, while for decision maker B, it slopes 
upward and then downward. The interval 
measurements for both decision makers con- 
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RISK 
IWERSION 

.0008 


.0006| 






-4 0 4 8 “NZ 16 20 24 28 32 


-00024 NET INCOME (THOUSANDS OF DCLLARS) 


IHTERVAL MEASUREMENT FOR DECISICN MAKER A 


ABSOLUTE 
RISK 
AVERSION 


4 8 ^2 16 20 24 28 32 


NET INCOME (THOUSANDS oF DOLLARS) 
INTERVAL MEASUREMENT FOR DECISION MAKER 3 


Figure 2. Interval measurements of absolute 
risk aversion for two decision makers 


tain negative as well as positive values at some 
income levels. When absolute ris«-aversion 
functions are derived from empirically esti- 
maed utility functions, оп the other hand, 
their properties are severely limited by the 
functional form used to estimate :he utility 
function (Lin and Chang). It shouid also be 
noted that the interval approach to the mea- 
surement of preferences avoids another com- 
mon problem encountered in the estimation of 
single-valued utility functions. Because all 
questions posed require a choice between two 
uncertain prospects, biases due to preference 
for or aversion to gambling per se (Officer and 
Haler) are avoided. The greatest strength of 
the procedure, however, is its flexibility, 
which allows direct specification of tae degree 
of precision with which preferences are mea- 
sured. 


Implementation of the Procedure 


The discussion in the preceding section pre- 
sents a method for corstructing interval pref- 
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erence measurements, but it does not explain 
the mechanics of implementing this proce- 
dure. The implementation of the interval ap- 
proach to preference measurement is outlined 
briefly in this section. A more detailed expla- 
nation is given in King and Robison (1981) 
alcng with listings of computer programs used 
in constructing preference measurement ques- 
tioanaires and in ordering choices with the 
criterion of stochastic dominance with respect 
to a function. 

Implementation of the interval approach be- 
gins with the specification of a measurement 
scale—a set of reference levels in absolute 
risk-aversion space which serve as the basis 
for preference measurements. Because this 
sca.e determines the degree of precision with 
which preference measurements can be made, 
careful attention should be given to its spec- 
ificetion. 

The number of reference levels on the mea- 
surement scale depends on the number of 
comparisons the decision maker will be asked 
to make as absolute risk aversion is measured 
in tre neighborhood of any particular outcome 
level. As the number of choices increases, 
morz accurate measurements сап be made, 
but more reference levels are required. In gen- 
eral. if N comparisons are to be made, the 
measurement scale should be comprised of at 
least 2" reference levels. In the example pre- 
sented in the preceding section, for example, 
the decision maker was required to make two 
comoarisons and the measurement scale was 
comprised of four absolute risk-aversion 
level: —.0001, .0001, .0005, and .0010. 

Reference levels need not be placed at regu- 
lar irtervals. In many instances it is desirable 
to ccncentrate them in that region of absolute 
risk-aversion space where the decision 
maker’s actual level is expected to fall or ina 
region where relatively small changes in abso- 
lute risk aversion have a great impact on pref- 
erence orderings. Experience to date indicates 
that most of the levels on the measurement 
scale should be concentrated in the risk- 
avers:on interval between —.0001 and .0010. 
Actuel measurements for a number of individ- 
uals Гауе tended to fall most frequently within 
this interval, and tests on several empirical 
decision problems have indicated that choices 
are most strongly affected by changes in abso- 
lute r:sk aversion within this range. 

Next, sample distributions must be gener- 
ated, and boundary intervals on the measure- 
ment scale must be identified for as many pairs 
of distributions as possible. Sample distribu- 


King and Robison 


tions are constructed in a random manner by 
generating several hundred variates from a 
user-specified distribution and grouping them 
into sets containing an equal numer of obser- 
vations. Each set of observations is consid- 
ered to be a distribution of outcomes, and each 
element of a distribution is said to have an 
equal probability of occurrence. The sample 
distributions should be defined over a rela- 
tively narrow range of outcome levels, be- 
cause the decision maker’s level of absolute 
risk aversion is said to be constant over that 
range. Experience to date indicates that a 
range of 5% to 10% of the possible range of 
outcomes is adequate. In past applications, six 
elements have been included in each distribu- 
tion. More complex distributions would make 
decision makers’ choices unduly difficult, 
while distributions with fewer elements may 
not be rich enough to make the choices in- 
teresting. The use of six element distributions 
also facilitates explanation of the choice situa- 
tion to the decision maker, because the proba- 
bility of any one element occurring can be 
equated directly to the probability of obtaining 
a specified number of dots on a single roll of a 
die. Distributions with either a larger or 
smaller number of elements can, however, be 
employed. 

Given the measurement scale, the program 
that generates the sample distributions uses 
the criteria developed by Meyer (1977b) for 
stochastic dominance given lower or upper 
bounds on absolute risk aversion to identify 
the narrowest boundary intervel for each pair 
of distributions. Absolute risk-aversion inter- 
vals defined by adjacent reference levels on 
the measurement scale are tested iteratively 
for each pair of distributions to identify the 
highest reference level, 4,, such that all deci- 
sion makers less risk-averse then A, prefer one 
distribution and the lowest reference level, A», 
such that all decision makers more risk-averse 
than A, prefer the other distribution. These 
two reference levels define the boundary 
interval (А,, А) for that pair cf distributions. 

If enough sample distributions are consid- 
ered, at least one pair of distributions having a 
boundary interval between any two adjacent 
levels on the measurement scale should be 
identified. Once this has been done, a series of 
comparisons can be formulated, with each 
focusing on a different boundary interval. The 
comparisons are arranged so that the decision 
maker is directed through a hierarchy of 
Choices designed to increase continually the 
precision of the interval measurement. In gen- 
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eral, each comparison should focus on an 
interval in the center of the region of absolute 
risk-aversion space consistent with the deci- 
sion maker's prior choices. 

Series of choices among distributions cen- 
tered around several outcome levels are re- 
quired for the construction of an overall inter- 
val measurement. Experience to date has 
shown that direct measurements in the neigh- 
borhood of three or four outcome levels pro- 
vide an adequate basis for the construction of 
lower and upper bound absolute risk-aversion 
functions over even a broad range of out- 
comes. If, for example, annual income is the 
performance measure for which preference in- 
formation is to be elicited and the relevant 
income range is from 0 to $20,000, direct mea- 
surements of absolute risk aversion could be 
made in the neighborhood of $3,000, $10,000, 
and $17,000. Portions of the lower and upper 
bound functions based on direct measure- 
ments are connected by linear segments to 
determine absolute risk-aversion levels at 
intermediate outcome levels. 

The elicitation of preferences under the 
interval approach is straightforward. Comple- 
tion of a questionnaire comprised of four 
series of three comparisons takes approxi- 
mately twenty minutes and requires little 
supervision. Experience to date has shown 
that decision makers find this procedure more 
interesting and more informative than the 
interview process required to elicit a single- 
valued utility function. 

Finally, interval preference measurements 
are used in combination with the evaluative 
criterion of stochastic dominance with respect 
to’ a function to order choices. Lower and 
upper bound absolute risk-aversion levels for 
each of the outcome levels where direct mea- 
surements have been made and the outcome 
distributions to be ordered serve as inputs to 
the computer program designed to accomplish 
this task. A listing of that program is given in 
King and Robison (1981) along with a discus- 
sion of its structure and use. 


An Empirical Test 


A simple experiment was designed and con- 
ducted to test the effectiveness of the interval 
approach to the measurement of decision 
maker preferences. Three questionnaires were 
administered to a group of graduate students 
from the Department of Agricultural Econom- 
ics at Michigan State University. The first 
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questionnaire employed the procedure de- 
scribed in the preceding sections to obtain an 
interval measurement of each subject's abso- 
lute risk-aversion function. The second ques- 
tionnaire was used to elicit information re- 
quired for the construction of a single-valued 
utility function for each subject. Finally, in the 
third questionnaire the respondents were 
asked to make a series of six choices between 
pairs of distributions, defined on the overall 
interval for which preferences had been mea- 
sured. Information from each of the first two 
questionnaires was used to predict the choices 
made in the third questionnaire, and these 
predictions were compared to the actual re- 
sponses. In this way the accuracy of each of 
the two approaches to preference measure- 
merrt was tested. The distributions on the third 
questionnaire also were ordered by first- and 
seccnd-degree stochastic dominance, so the 
performance of these criteria could also be 
evalaated. 

In evaluating each approach, two criteria 
were considered: the number of correct pre- 
dictions and the number of choices for which a. 
definite ordering was made. A prediction was 
said to be correct if the respondent's choice 
was not excluded from the efficient set of 
choices and incorrect if it was excluded. The 
preference measure having the highest propor- 
tion of correct predictions was said to be the 
most accurate according to this criterion. 
Concern with the proportion of correct predic- 
tions is analogous to concern with the proba- 
bility of Type I error in a statistical test—i.e., 
with zhe probability that a true statement will 
be judged false and rejected. This measure of 
accuracy, however, is not a good indicator of 
the discriminatory power of a preference mea- 
surement. First-degree stochastic dominance, 
whick holds for all decision makers who prefer 
more of the performance measure to less, 
should never exclude a preferred choice from 
the efficient set and so should be perfectly 
accurate according to this criterion. Often, 
however, it also fails to exclude many choices 
from the efficient set. A single-valued utility 
function, on the other hand, is the basis for a 
complete ordering of choices—i.e., it always 
leads -o an efficient set having a single ele- 
ment. Therefore, the number of choices actu- 
ally ordered was also considered. Concern 
wth the discriminatory power of a criterion is 
analogous to concern with the probability of 
Type II error in a statistical test.—i.e., with the 
probakility that a false statement will be 
judged to be true and not rejected. 
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C early there are trade-offs between the ac- 
curacy and discriminatory power of a prefer- 
ence measurement. Unlike other measure- 
meni techniques and evaluative criteria, the 
comoined use of interval preference mea- 
surements and stochastic dominance with re- 
spect to a function permits explicit considera- 
tion of these trade-offs. As the precision of the 
interval measurement increases, it becomes a 
more discriminating basis for the ordering of 
choices, but the probability of excluding pre- 
ferred choices from the efficient set also in- 
creases. Such trade-offs between accuracy 
and discriminatory power were analyzed in 
the experimental test of the interval approach 
to the measurement of preferences. Direct 
interval measurements were made at three 
levels of income—the relevant performance 
measure in this instance. These measurements 
were based on a sequence of four questions at 
each income level. By constructing interval 
measurements on the basis of information 
available at the end of each question, how- 
ever, four preference measurements—each 
more precise than the one which preceded 
it—were made for each subject. 

Ninz of ten subjects correctly completed all 
three questionaires.* Because each subject 
made six choices on the third questionnaire, 
each preference measurement was used to 
predic: a total of fifty-four choices. The results 
of the experiment are presented in table 2. 
They show a clear trade-off between accuracy ` 
and dsscriminatory power. First-degree sto- 
chastic dominance and the single-valued util- 
ity function are at opposite extremes in this 
trade-cff relationship, and the interval mea- 
surements are arrayed between the two. Sev- 
eral factors should be noted. With regard to 
the accuracy of the interval measurements, it 
falls at a relatively constant rate as the number 
of questions posed increases, but even at the 
higher levels of precision it exceeds that of the 
single-s alued utility function. The discrimina- 
tory power of the interval measurements, on 
the other hand, increases dramatically as the 
number of questions asked at each income 
level increases. In contrast, first- and second- 
degree stochastic dominance clearly do not 


* The terth subject made comparisons cut of order on the inter- 
vai measurement questionnaire and made several inconsistent 
choices. The suggested format of the questionnaire has since been 
revised to reduce the possibility that comparisons will be made out 
of order. The problem of inconsistent choices, which has also 
occurred in other trials of the procedure, suggests that it may be 
desirable te incorporate consistency checks into the question- 
naire. To cate the value of such checks has not been formally 
evaluated. 
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Table 2. Performance Indicators for Alternative Preference Measures 


Interval Measurement 





Single-Valued First-Degree Second-Degree 








Ека Bumper of Questions Utility Stochastic Stochastic 
Indicator 1 2 3 4 Function Dominance Dominance 
1. Percentage of choices 

predicted correctly 98 88 78 72 65 100 98 
2. Percentage of choices 

ordered 9 50 83 91 100 0 7 





discriminate well among the distributions the 
subjects in the experiment were asked to or- 
der. 


Concluding Remarks 


These experimental results demonstrate how 
interval preference measurements allow ex- 
plicit consideration of trade-offs between ac- 
curacy and discriminatory power of prefer- 
ence measurements. Unlike single-valued util- 
ity functions, they are not exact representa- 
tions of preferences and so are not as likely to 
eliminate a preferred choice from considera- 
tion. Unlike the representations of preferences 
assumed under commonly used efficiency cri- 
teria, they are empirically based and can be 
made as precise as desired. 

This experimental test was conducted under 
controlled conditions quite different from an 
actual decision-making environment. The 
interval approach to preference measurement 
also has been used in a more practical set- 
ting—a series of extension workshops—as a 
tool to help farmers think more clearly about 
their risk preferences. The interval measure- 
ments in figure 2 were made at such a work- 
shop. The seventeen farmers for whom abso- 
lute risk-aversion intervals were constructed 
found the choices in the interval measurement 
questionnaire to be interesting and had little 
difficulty completing it without supervision. 
Their preferences ranged from the extremely 
risk-averse to the extremely risk-loving. Sev- 
eral discernible patterns did emerge, how- 
ever. Most individuals exhibited increasing 
absolute risk aversion over lower income 
levels and decreasing absolute risk aversion at 
higher income levels. For most, the interval 
measurement of absolute risk aversion in- 
cluded negative as well as positive values at 
some income levels. In fact, only four had 
lower-level absolute risk-aversion functions 


‘that were everywhere non-negative. This casts 


serious doubts on the reliability of single- 
valued utility functions, which typically re- 
strict the form of the absolute risk-aversion 
function, and on the applicability of a criterion 
such as second-degree stochastic dominance, 
which holds only for decision makers who are 
risk-averse at all income levels. 

Finally, in an application of stochastic 
dominance with respect to a function con- 
cerned with farm enterprise choices under 
price, yield, and weather uncertainty (King, 
and Robison, 1981), interval measurements 
made in the extension workshops were used to 
order 500 randomly selected farm plans. For 
the two decision makers whose interval mea- 
surements are given in figure 2, each efficient 
set contained less than ten plans, and only one 
plan appeared in both sets. This demonstrates 
that interval measurements can be used to rep- 
resent differences in preferences and that they 
can be used effectively to eliminate a large 
number of choices from consideration in a 
realistic decision situation. 


[Received June 1980; revision accepted 
January 1981.) 
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The Potential Role of Multilevel 
Programming in Agricultural Economics 


Wilfred Candler, Jose Fortuny-Amat, and Bruce McCarl 


This paper discusses a new class of problem related to mathematical programming but 
with two separate decision makers in hierarchical relationship, each with his own 
objective function and control over distinct but interacting variables. The relationship of 
this problem to agricultural (energy and environmental) policy problems is developed, 
together with the relationship of this new problem structure to mathematical 
programming, game theory, control theory, and principal agent theory. Suggested 
computational approaches are reviewed, zlong with the solution to two illustrative 


examples of the use of the technique. 


Key words: agricultural policy, mathematical programming, multilevel programming. 


In this paper we wish to take the reader be- 
yond sector modeling to the next logical step, 
the use of sector models to find optimum ag- 
ricultural policies. As will be illustrated, this 
leads to a new model structure, which has 
been called multilevel programming. 

A key characteristic of agricultural (or eco- 
nomic) policy problems is that the govern- 
ment, or other policy makers, have only a 
limited range of variables under their direct 
control. Other variables, acreage of crop 
grown, tons of fertilizers applied, choice of 
crop, machinery investment, and the like, are 
decided by a myriad of decentralized decision 
makers following a variety of behavioral rules. 
While models have been constructed to reflect 
the competitive behavior of decentralized de- 
cision makers in the agricultural sector, little 
attention has been given to a clear articulation 
of policy objectives or the acceptable range for 
policy variables such as taxes, subsidies, 
quantitative limitations, or entitlements. 

Consider for a moment an agricultural sec- 
tor model of the CHAC type (Duloy and Nor- 
ton), in which downward-sloping demand 
functions and upward-sloping input supply 
functions are used to calculate equilibrium 
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prices and quantities. Such a model has been 
used to represent competitive behavior by the 
agricultural sector. Given such a model, in 
which the objective fuaction of maximizing 
the area between the demand and supply func- 
tions serves to locate the competitive solution, 
policy experiments can then be performed to 
examine the results of price policies, taxes, 
subsidies, production quotas, supply short- 
ages, and the like. For any one experiment, 
i.e., for any one setting of the policy variables, 
the model will yield the corresponding com- 
petitive solution. Any number of experiments, 
limited only by time and the research budget, 
can be performed. So far so good, but note 
that this experimental approach finessess the 
need to state explicitly ''the policy problem.” 
Typically, it fails to deüne clearly (a) the full 
spectrum of variables under the control of the 
policy maker, (b) the acceptable ranges for 
these variables, or (c) the policy objective 
function. 

Authors can be found who will assert that it 
is better not to be tied to a single objective 
function, that it is better to present a range of 
scenarios and let the policy maker choose. 
Such authors are content to present ‘вооа’ 
policy options, without any idea how far short 
these options fall from the best policy. If we 
accept the challenge of attempting to find the 
best policy in the context of a sector model, 
then it is evident that we have two types of 
variables (those under the direct control of the 
policy maker and those not under his direct 
control) and two objective functions (the pol- 
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icy maker’s objective function and the objec- 
tive function that determines the selection of 
variables not under the direct control of the 
policy maker). This immediately distinguishes 
the policy problem from mathematical pro- 
gremming—and from the multilevel (decom- 
position) algorithms of the type discussed 
by Dirickx and Jennergren, which are con- 
cerned to find efficient solutions to mathemat- 
ical programming problems with one objective 
furction and one set of control variables— 
which recognizes only one objective function 
and only one class of variables (all under the 
control of a single decision maker). Equally, 
game theory is of little help because most vari- 
ables are continuous; and even if we we-e 
cortent with a discrete approximation, this 
would involve enumeration of the entire policy 
space and all possible responses to each policy 
setting. So long would be spent enumerating 
tha- we would never have time to choose. 

While this paper focuses particularly on tke 
derivation of optimum economic policy, the 
: same model structure can be applied to other 
policy problems (environment, energy, etc.) 
or, indeed, to private decision problems with 
the appropriate hierarchical structure. 

In the next section the multilevel program- 
minz problem is defined, for the '*usual"' linear 
two-level case. The third section relates mul- 
tilevel to multiobjective programming, and the 
fourth section shows that multilevel problems 
can have local optima. A fifth section relates 
multilevel programming to related problem 
structures, the sixth section briefly reviews 
soluzon principles, and the seventh section 
presents illustrative numerical results. A final 
section summarizes the ideas which have been 
advanced. No automatic, fast, large-scale so- 
lution procedures are available, largely be- 
caus? the field is too new for the various sug- 
gestions to have been tested and implemented 
in Јаве codes. 


Problem Definition 


First consider a standard linear programming 
problem: P1: Find x,, such that 


(1.1) 2; = max сух), 
subject to 

(1.2) Азїхї = by, 
(1.3) x; = 0, 
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where this problem might involve any of the 
following applications: (а) an agricultural sec- 
tor nodel (Duloy and Norton) such as CHAC, 
where the objective function (1.1) serves to 
locete the competitive equilibrium solution; 
(b) a river basin model (Duloy et al, 
Kutzher), where (1.1) again serves to find the 
competitive equilibrium solution; (c) and the 
like. 

Now, suppose that a policy maker (a) 
knows the structure and coefficients of P1, and 
(b) can influence through the setting of policy 
variables some of the parameters within c, and 
b, (and even Aj, through activities such as 
research and development and extension), but 
(c) cannot control (any element of ) x, directly, 
and (d) that the levels of x, enter into the 
utility function U(x) of the policy maker. 

Induencing the size of c; typically would be 
achieved by tax or subsidv policy or possibly 
by fizing mandatory buying and selling prices. 
In the case of an input-supplier, c; would be 
influenced directly by the prices he chooses to 
charge. Influencing the size of b, might involve 
prodaction quotas, set-aside acres or control 
over quantitative supplies of inputs. Because 
changes іп с; and b, may have direct costs or 
benefits to the policy maker, his utility func- 
tion should perhaps be better expressed as 
U;(x,; сі, bı). Note that in these examples we 
are dealing with strictly hierarchical decision 
structure. Once the policy maker has decided 
on the values of c, and 5, the lower level (or 
behavioral) decision maker simply solves P1, 
in the light of these values. There is no ele- 
ment of bargaining. 

As mentioned earlier, the usual way in 
which hierarchical decision problems of this 
sort are studied is to build an explicit model of 
P1, and then solve it for a range of values of c, 
and bi, leaving it to the outer decision maker 
to eva. uate his utility function for the resulting 
X,, and су, by. 

The traditional approach is basically sloppy 
since no account is taken of the feasible range 
for c, and b,, nor is it possible to select the 
experimental values of c, and b, in regions of 
likely interest to policy makers. And finally, it 
makes very little sense, having gone to the 
expense of constructing and calibrating P1, to 
fail to find the optimum available policy. In the 
next section we touch briefly on the derivation 
of the policy objective function. In the balance 
of this section, we simply assume that a satis- 
factory estimate of the policy maker's objec- 
tive function U, is available and is convex. 
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Given this assumption, we can state the 
two-level programming problem as P2: find x,, 
хә, and da, such that 


(2.1) z= max C21X1 
+ Сохо + Coada + 2,0, 
subject to 
(2.2) Gods + AgyX, + Азх = bz, 
(2.3) Xa d; = 0, 
where x, solves 
(2.4) Zz = max (ci? + 4)х\. 
subject to 
(2.5) Aux, S b? — Ayre, 
(2.6) x, 2 0, 


where x, gives the set of allocation policies 
available to the policy maker, and d, gives the 
set of pricing policies available to the policy 
maker. | 

For given x; = X», d; = dz, then (2.4) to (2.6) 
corresponds to the linear programming prob- 
lem P1, with 


су = Cj! + dy, bi = bi! — Apia, 


i.e., it is the inner decision maker’s problem, 
after the policy maker has selected the policies 
(хә, 4) and thereby bi, cy. 

Restraints (2.2) to (2.3) restrict the accept- 
able values of the outer (policy) variables 
d», x», in the light of the values of x. 

The outer objective function (2.1) contains 
linear terms for x1, х, and dz, and a quadratic 
term in d,x,, because this is the total subsidy 
or revenue from per unit subsidies and taxes, 
də», multiplied by quantity produced or used, 
x, 

In general, the inner problem, P1, could be 
replaced by any mathematical programming 
problem; and (2.2) to (2.3) could be replaced 
by nonlinear constraints, while (2.1) could be 
of higher order than quadratic. 

The important features of the two-level pro- 
gramming problem P2 are (a) the hierarchical 
nature of policy decision making is explicitly 
recognized, where (b) the varizbles under the 
control of the policy maker, dz, x2, are clearly 
distinguished from the variables, x,, which are 


! The interaction of d; and x, may belong in the constraints. 
However, the problem as stated is analytically simpler and corre- 
Sponds to Lagrangian relaxation (Geoffrion) of a problem with the 
quadratic term in the constraints. 


Multilevel Programming in Agricultural Economics 


523 


under the control of the inner (or behavioral) 
decision maker; and (c) the existence of two, 
potentially conflicting, objective functions is 
explicitly recognized. 

Whether or not an acceptable algorithm for 
P2 is available, the use of the two-level struc- 
ture to express a policy problem is a great aid 
to intellectual rigor. The model structure 
forces on the policy analyst questions, such 
as: Which variables are under the control of 
the policy maker? What are the constraints to 
acceptable values of these variables? What are 
the policy objectives? In particular, this for- 
mulation should help avoid the misuse of sec- 
tor models, whereby a simple technical objec- 
tive is used in place of a behaviorally consis- 
tent obejctive. As McCarl and Spreen have 
said, ‘‘A classic example of misuse is one 
where a research team convinces itself that the 
country wishes to optimize nutritional produc- 
tion and then the research team replaces (or 
originally formulates) the objective function to 
do so. One needs only to wonder how many 
farmers will forego income to produce calories 
for the aggregate population to see the fault of 
this modelling strategy" (p. 98). 


Multiobjective and Goal Programming 


The typical policy problem is characterized by 
(a) more than one objective or goal that the 
policy maker wishes to maximize or observe 
and (b) incomplete control over all variables. 
Multiobjective and goal programming em- 
phasize the former feature, while multilevel 
programming emphasizes the latter. 

A recent review of multiple objective and 
goal programming makes the distinction be- 
tween situations in which all variables are, or 
are not, under the direct control of one deci- 
sion maker (or committee): ‘The Goal Pro- 
gramming approach can be an extremely use- 
ful tool for situations in which the decision 
maker. . . commands the system in question 
(i.e., many private sector decisions) . 
(Willis and Perlack, p. 71). This is distin- 
guished from policy situations in which no one 
individual controls all variables. Unfortu- 
nately, the literature in this area has failed to 
recognize that in the usual case, where not all 
variables are under the control of one decision 
maker, it can be badly misleading to analyze 
alternatives as if all variables were under the 
control of a single decision maker. For most 
policy (i.e., public sector) problems, this in- 
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validates one-level approaches. Kornai and 
Liptak recognized that some variables may 
not be under the direct control of policy mak- 
ers, but even their contribution assumes har- 
mony in the central and decentralized objec- 
tive functions. 

Equally, the presentation given so far in 
which a single, known, objective function is 
assumed to exist for the policy maker might te 
attacked as too simplistic. Fortunately, the 
multiobjective and goal-programming litera- 
ture has considered the problem of how an 
unknown (or only subjectively known) objec- 
tive function in several dimensions may be 
reduced to, or approximated by, a locally 
linear objective function (Candler and Boehlje, 
Keeney and Raiffa, Zeleny). 

Tnis paper does not pursue the question of 
derivation of the policy objective in greater 
depth, because the problem is complex 
enough even if this objective is known a priori. 
Let us comment, however, that use of mul- 
tilevel programming to identify optimum or 
gooc policy responses to an arbitrary approx- 
imaton to the policy objective, in order to 
improve heuristically the approximation, is 
completely consistent with the approach being 
desc-ibed. If the objective is known, then we 
can proceed to an optimum or good solution. 
If the objective is not known a priori, then a 
detour may be necessary to learn more about 
the policy objective function before proceed- 
ing to results which are more than an aid to 
heuristic improvement of the statement of the 
objective function. 


Mathematical Difficulty 


The multilevel programming problem, unfor- 
tunately, is analytically difficult. Multilevel 
programming problems (which encompass 
linear programming as a subset) may have 
many local optima, even though all functions 
are lirear. It is a simple matter to demonstrate 
this difficulty. As will be shown later, no com- 
pletelv satisfactory algorithm is available for 
solution of such problems. To see the nature 
of the nonconvexities which may arise in pol- 
icy problems, consider the following: P2E, find 
Ху, Хы, and дуу, such that 


2, = max 2X4 + 4x12, 


Xn 


where 0 = x4, = 1, subject to 
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max 


= Хи T Xn 
Xuxidlx 


m 


—Х + Xs Ж .5 


—Х— Хә = 


хи, Xi 2: 0 


whica is the inner problem. 
For a given value of xz, the inner problem 
has solution 


Хи = .5 — X21 
X19 = 0 


if 0 = x4 = .5, or 


X11 =0 
Хур = Хәр — 5 
if .5 = х lI. 


These solution values, together with the re- 
sulting objective function value for the outer 
problem are illustrated in figure 1. Despite the 
inner problem being a well-behaved linear 
program for any given value of x;,, and despite 
the outer objective function being linear, there 
are two local optima, viZ., z; = 1 for xs, = 0 
and 2, = 2 for xs, = 1. 

Оше apart from mathematical difficulties 
introduced by this feature of multilevel pro- 


2 
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Figure 1. Graphical solution of sample prob- 


lem 
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gramming, it also tells us that a mix of good 
policies may be bad policy. Clearly, a 50:50 
mix of the policy of setting x; = 0 and x2; = 1 
results in xs, — .5, with a much lower value of 
the objective function than characterized 
either of the policies contributing to the mix. 

The existence of more than one local op- 
timum means that the problem cannot be 
transformed and solved as a linear program- 
ming problem. Rather, some form of implicit 
research of all local optima is called for. As we 
shall see, various authors have appealed to 
integer programming, branch and bound, spe- 
cially ordered sets, and restricted basis entry 
to achieve their implicit search. 

In the special case where the outer decision 
maker wishes to permit the inner decision 
makers to maximize their objective function, it 
may be possible to solve the problem by linear 
programming (Bisschop et al.). Indeed, in the 
special case where the inner and outer objec- 
tive functions are the same and there are no 
outer constraints, the problem is simply a 
linear program. 


Related Problem Structures 


We have now seen that even where all func- 
tions are linear, we cannot in general solve 
even a two-level problem by linear program- 
ming. Before passing on to a trief review of 
computational approaches and empirical ex- 
amples, it may help put the multilevel problem 
in perspective if we consider some related 
problem structures, namely parametric pro- 
gramming, game theory, control theory, and 
principal agent theory. 


Parametric Programming 


Looking again at the two-level problem P2 and 
assuming О, is null so that there are no qua- 
dratic terms, it is tempting to guess that the 
solution to P2 must be among the solutions to 
the parametric programming rroblem: P3, for 
ф = 0 to 1, find x. x», and d., such that 


(3.1) 23 = (1 — óMespa + Сәх 


+ са) + b(c1° + di)x, a max, 
subject to 
(2.5) 
(2.2) 
(2.3, 2.6) 


Алуху + Åz% = bio, 
God, + Azıx + А»х = bz, 


X1, X2, d; = 0. 
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This describes an outer envelope of feasible 
values of z, and z;, but the solution to P2 may 
not belong to this envelope. The reason for 
this is that, for fixed x; = х, and d; = d;, the 
inner decision maker has the possibility of 
selecting the x, to maximize this objective 
function (2.4) and without regard to the outer 
constraints (2.2). 

In one example (Candler and Townsley), 
where (2.1) was maximized over x, and x, 
subject to the constraints on P3, the solution 
value for 2, was 50,235. When х, was fixed at 
this value and the inner problem resolved, the 
value of 2, fell to 15,435, which illustrates the 
wide degree of discretion that may remain for 
the inner decision maker even after the values 
of the policy variables have been fixed. 


Game Theory 


A bimatrix game may be formulated equiva- 
lent to problem P2, with the players being the 
government and the private sector. The first 
step in constructing such a game would be to 
form the payoff matrix, which requires the 
determination of the strategies available to 
both players. Let X; be the set of admissible 
strategies for the government. The elements of 
this set are determined by economic and 
noneconomic considerations. Assume the 
government considers only certain discrete 
levels of policy measures. For example, the 
government may decide on a tax level among 
only predetermined figures, say 7%, 8%, or 
9%, but it will disregard any other values. Let 
the set 5 contain all vectors (x;,d,) of policy 
measures that the government considers as 
practical and feasible candidates to be im- 
plemented. The set 5 evidently is finite. Com- 
bining economic and noneconomic reasons re- 
sults in the following definition for the finite 
set X,: 


X, = [(x2,d2) = 0: (xe,do)eS, Ах, 
+ A12X3 = bi, and Gd; + AgyX, + АХ 
= b, for some х; > 0]. 


Let X, be the set of admissible strategies for 
the decentralized decision makers (industry); 
for any (X5,d;)eX;, this set could be found by 
enumeration of all extreme points of the sub- 
problem's convex region: 


Aux; = by — Ag; 


xi > 0. 
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Therefore, X, is the set of all extreme points of 
the convex polyhedrons defined by the above 
se? of constraints for all possible values 
(X;,d;)eXs: 


X; = [xy = 0, x, is an extreme 
point of Ах, € by — Аз _ 
for some (Ke, d,)eX; ]. 


After defining the sets of strategies for both 
players, the next step in constructing the 
bimatrix game is the determination of the 
payoffs. Evidently, for any triple (4,5,4) 
such that (d;,x;)eX, and x,eX;, the payoff to 
the government is Ca¥; + Cost, + Сой + 
d;Qsx, and the payoff to industry is (c? + 
dj), as given by the respective objective 
functions. To completely specify the payoif 
matrix, we will assign the payoff pair (—%,— œ) 
if for strategy (х,,0)єХ, there is no feasible 
xj€X,. 

Ir. order to find a proper solution concept for 
the game just constructed, some behavioral 
remarks about its nature should be made. Be- 
cause the decision-making process is per- 
formed sequentially in two stages, with the 
government announcing its strategy in the first 
stage, we have a situation where the govern- 
ment acts as the leader and the industry acts as 
the follower (decides on its plan of action af- 
ter the government's strategy has been an- 
nounced). Under these circumstances it has 
been shown (Simaan and Cruz) that the best 
strategy to use by the player acting as leader is 
the Stackelberg strategy. 

There are two difficulties with this ap- 
proach. In the first place, the policy variables 
dy,X2 generally will be continuous variables, 
whereas the set X; would refer to a finite num- 
ber of discrete values of dz, x2. This is not a 
substantive objection since, in principle, the 
grid X, can be made arbitrarily fine. The sub- 
stantive objection is that this approach in- 
volves an explicit (not implicit) search over 
the pclicy grid X,. For each member of X;, 
linear programming problem P1 would need to 
be solved to find x, = f(x;,d;), and henze 2, = 
£(Xs,d;). For any reasonable grid X, and non- 
trivial problem P1, this would be computa- 
tionallv exhorbitant. 


Control Theory 


Control theory, as reviewed recently by Raus- 
ser, presents a somewhat similar problem 
structure, the major differences being that 
control theory is concerned with the evolution 
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of a system over several periods in which 
stochastic elements may be important, learn- 
ing can take place, and the form of the func- 
tion determining system evolution is known. 
By contrast in multilevel programming, we are 
concerned with a two-stage process operating 
under certainty, so that stochastic elements 
and learning cannot occur, and where evalua- 
tion of the functional form which determines 
the evolution of the system is the nub of the 
problem. Control theory deals with a dynamic 
system while multilevel programming deals 
with a static equilibrium. Nevertheless, mul- 
tilevel programming can be viewed as a special 
case of control theory. 


Principal Agent Theory 


A thi-d area of economic inquiry which is re- 
lated to the problem as formulated above is the 
area Df principal agent theory. This was re- 
cently reviewed by Holstrom and deals with 
the problem of maximizing an abstract func- 
tional form subject to a maximum of some 
problem's objective function. The principal is 
analogous to the government in our situation 
and private industry is analogous to the agent. 
This has been an area of considerable theoret- 
ical inquiry; however, it has not, at this point, 
yielded a rich empirical literature. The distin- 
guishing feature of principal agent theory is 
that the principal can decide on a level of 
enforczment effort to influence the behavior of 
the agent, cf., enforcement effort which might 
be associated with an effort to fix gasoline 
prices »elow their equilibrium value. So again, 
multilevel programming is a simplification of 
the gereral principal agent theory, where en- 
forcement effort is zero. 

The formal statement of the principal agent 
problem can be written (Holstrom, p. 76): P4 
find x;,.t2, such that 


(4.1) max E(G[x, — s(x2)]}, 
subject to 

(4.2) E{H{s(x2),x:]} = A, 
(4.3) x e argmax E(H[s(xz),x'1]), 
(4.4) x',eX;, 


where the notation ‘‘argmax’’ denotes the set 
of arguments that maximize the objective 
function that follows. In this case, X; is the 
enforcement effort and x, the variables not 
under the direct control of the principal. 


Candler, Fortuny-Amat, aad McCarl 


Summary 


None of the above should be construed to 
argue that multilevel programming is a more 
appropriate tool than the other techniques 
mentioned. Rather, the discussion illustrates 
the theoretical relationship of multilevel pro- 
gramming to other lines of inquiry. Since mul- 
tilevel programming is the newcomer in the 
theories being discussed, we have tried to em- 
phasize that it is genuinely different and to 
avoid the possibility that it will be dismissed as 
a special case of already well-understood 
quantitative techniques. 

As illustrated by the recent review by 
McCarl and Spreen, agricultural economists 
have been active in the construction of sector 
models, almost always motivated by an inter- 
est in economic development and agricultural 
policy. An obvious question is: Given a sector 
model, how can policy recommendations be 
optimized? It was exactly this question which 
led to the formulation of multilevel program- 
ming by Candler and Norton. It should therefore 
come as no surprise, that of the alternative 
analytical techniques, multilevel programming 
should be the most appropriate for this par- 
ticular application. 


Solution Principles 


At this writing, only limited numerical experi- 
ence exists for the solution of multilevel pro- 
gramming problems. No attempt is made here 
to provide a comprehensive review of the sug- 
gested algorithms; rather, we are concerned to 
identify the approaches which have been 
explored and point the interested reader to the 
relevant papers. 

A first "classical" approach, by Fortuny- 
Amat and McCarl, replaces the inner problem 
(2.4) to (2.6) by its Kuhn-Tucker conditions, 
which are then included as explicit constraints 
in addition to (2.1) and (2.3). As well as the 
addition of linear constraints, this adds the 
Kuhn-Tucker complementary slackness con- 
ditions. Fortuny-Amat and McCarl replace the 
complementary  slackness conditions by 
zero-one integer constraints, thus producing a 
mixed integer programming problem. | 

Bard and Falk carry out the same transfor- 
mation but initially ignore the complementary 
slackness conditions, using the specially or- 
dered sets algorithm (available on Apex 3 
software). Bialas, Karwan, and Shaw have 
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shown that a parametric raising of the policy 
objective, while a complimentary pivot al- 
gorithm is used to satisfy the Kuhn-Tucker 
conditions, can be used to find the global solu- 
tion to P2. 

Bialas and Karwan also have observed that 
if (2.2) is ignored, then the solution to P2 oc- 
curs at an extreme point of the convex hull 
(2.3), (2.5), and (2.6). They then propose a 
branch and bound search of these extreme 
points, starting from the point with highest 
value of 2,. This corresponds to enumeration 
of all feasible bases for the inner problem, 
such that 2, exceeds the solution value for P2. 

Another ''classical" approach is due to 
Bracken and McGill (1973, 1974). It simply 
recognizes the nonlinear nature of the problem 
and applies a generalized nonlinear search al- 
gorithm: SUMT. 

Candler and Townsley assume that d — 0, 
and a myopic search for a better basis is pur- 
sued until a local optimum appears to have 
been reached. At this stage, reduced-cost in- 
formation is examined to establish a set of 
vectors, at least one of which must be included 
in any better basis. 

Another special case, where the objective 
function of the outer problem is in total oppos- 
ition with that of the inner problem (i.e., a 
zero-sum situation), has been considered by 
Falk. 

To date, computational experience with all 
of the proposed approaches has been unprom- 
ising. Either the algorithm requires a special 
purpose code not available in large packages 
or problem size increases substantially as it is 
transformed to be solvable by existing large- 
scale codes. 

The largest problem solved to date was for 
an agricultural region in Mexico. This in- 
volved 50 constraints, 300 behavioral vari- 
ables, and 20 policy variables. A heuristic 
search procedure was employed, which found 
a solution value of 49,950 after establishing an 
upper bound of 50,235. The heuristic proce- 
dure is reported by Candler and Townsley. 
For large-scale problems, this heuristic may 
still be the most practical approach. 


Illustrative Examples 


Applications to date have been more illustra- 
tive than anything else. Nevertheless, applica- 
tions have been made in the context of the 
allocation of irrigation water into a canal 
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command and optimal pricing policy for a spa- 
tial monopolist. 


Irrigation Policy 


In this case, we considered a model of an 
irrigation canal command, where policy ad- 
ministrators could control the cotton quota 
and water releases. Two alternatives were 
considered for water release, the first where 
the government controlled only the annual 
availability of water to the canal command 
(leaving its distribution by the month to be 
decided by the farmers, possibly via a 
cooperative), and the second where the 
monthly availability of water was controlled 
by the government. Two policy objective 
functions were considered. The first involved 
the maximization of value added at interna- 
tional prices, and the second, the maximiza- 
tion of employment. In all cases, farmers were 
assumed to maximize value added at local 
prices (and there are marked differences be- 
tween domestic and international prices, in 
this case). 

Upper and lower bounds and ‘‘high point" 
solutions for the two policy objective func- 
tions. are shown in table 1 for both cases, 
where annual and where monthly water deliv- 
eries are controlled by the government. 

The upper bounds were obtained by 
max:mizing the relevant objective over ali 
variables (i.e., as if policy and behavioral de- 
cision makers were cooperating to maximize 
the relevant objective). These uppe- bounds 
are given in columns 1, 2, and 3. Thev illus- 
trate that substantial substitution possibilities 
exist within the model. Thus, depeading on 
choice of objective functions, the value of 
outpat at international prices can range from 
110,451 down to 39,208; employment can 
range from 16,894 to 22,435. The extreme dif- 
fererce in domestic and international prices 
can 2e seen from the first and third row of 
table 1. 

Lower bounds, columns 4 to 7, are obtained 
by fixing the relevant policy variables (cotton 
quota and total water in columns 4 and 5, and 
cotton quota and monthly water in columns 6 
and 7) and maximizing over the behavioral 
varizbles (areas of crops) with respect to local 
prices. In columns 6 and 7, where monthly 
water allocation is controlled by the govern- 
ment, this change in objective function yields 
the same plan, i.e., upper and lower bounds 
coincide, and the given water allocations gives 
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the giobally optimum plan with respect to the 
two abjective functions. It should be remarked 
that -he two plans have markedly different 
implications for employment and value added 
at international and at domestic prices. 

In columns 4 and 5, the lower bound is less 
than the upper bound, and in each case the 
value added at local prices has increased (i.e., 
for these given settings of the cotton quota and 
total water allocation, farmers have been able 
to change their cropping pattern so as to in- 
creas2 their incomes, with adverse effects on 
value at international prices or employment). 

It may also be remarked that rounded to the 
nearest integer (as the results in table 1 have 
been’, column 4 appears to dominate substan- 
tially column 5. In fact, the employment lends 
to five places are 


Col. 4 
Col. 5 


17036.02988, 
17036.29331, 


so thet column 5 does call for more employ- 
ment zhan column 4. Given the very high cost 
of this last fraction of job, in terms of value 
added (both at local and international prices), 
itis haghly likely that column 4 would be felt to 
be preferable to column 5. 

The lower bounds were obtained by the 
simple expedient of fixing the policy variables 
at their upper-bound solution values. 

Usiag a heuristic developed by Candler and 
Townsley, we were able to search for other, 
better settings of the policy variables. Only 
one cther good setting, ‘‘high point," was 
found with respect to international prices 
(yield ng 109,183 versus a lower bounds of 
107,427 and upper bound of 110,451). Two 
high roints were found with respect to labor. 
The frst (col. 9) was better than the lower 
bound on employment, but worse than the 
high point (col. 8) found in an attempt to 
maximize with respect to international prices. 
The second high point for labor; while much 
less than the upper bound, was better than any 
other known solution where the behavioral 
decision makers had been free to maximize 
with respect to their own objective function. 

At this stage, no great significance should be 
attached to the numbers obtained, since this 
was an ‘‘academic exercise" without policy 
makers’ involvement. The important thing is 
that given a model and given a policy objective 
function, it is now possible to use the model to 
searck for good settings of the policy vari- 
ables. Using any of the exhaustive search 
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techniques, one can even derive optimal set- 
tirgs of the policy variables. 


Monopolistic Pricing 


A second problem  (Fortuny-Amat and 
McCarl) considered involved a fertilizer 
dealer who enjoyed a geographical monopcly 
and could take competitors' prices as given. In 
these circumstances, his control variables 
меге the prices charged for his fertilizers in 
different forms, always subject to the knowl- 
edge that farmers would purchase from the 
least-cost source. The farmers (behavioral 
problem) had the choice of purchasing from 
our fertilizer dealer or from dealers in the 
neighboring regions, and their decisions with 
respect to quantities are assumed to be made 
with cost minimization as the sole objective 
(we assume farmers need a fixed amount cf 
fertilizer). The dealer of interest wanted to 
maximize profit which, in this case, involves a 
decision with respect to price only, since the 
quantities sold depend on the farmers' deci- 
sion. 

We solved this problem using the Fortuny- 
Amet and McCarl procedure to obtain the re- 
sults in table 2. 

Note that if the formulation ignored the 
existence of the sub-problem's objective func- 
tion, the outer decision maker would act as a 


Table 2. Global Optimum (Price per Ib.) 

















Purchasing 

Purchasing Modes Dealer? Competitor 
At plaat .08321 .07317 
Delive-ed .09041 .08748 
Delive-ed & applied .09334 .09334 
At plaat w/applicator 

rentzl .08421 .07903 
Delivered w/applicator 

rental .09141 .09334 

Sales (Pounds) 

Sale Mode Dealer Competitor 
At plant — 6,849,315.07 
Delivered — 
Delivered & applied 3,150,684.93 
At plan: w/applicator 

rental — 
Delivered w/applicator 

rental — 

Total Sales 3,150,684.93  6,849,315.07 





? Base price: Py = 0.08321. 
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monopolist facing a fixed demand and thus 
could raise prices without limit. 


Summary and Conclusions 


An incharitable summary of this paper might 
be that the authors can recognize multilevel 
programming problems, but they cannot solve 
them. Perhaps that is a good summary, but let 
us state this the other way around: 

(a) The two-level nature of most policy 
problems means that they are not generally 
amenable to solution by mathematical pro- 
gramming. Furthermore, solutions obtained 
by dint of ignoring the behavioral, or lower 
level, decision function are likely to be seri- 
ously misleading. 

(b; Multilevel programming provides a use- 
ful aaalytical framework for thinking about 
policz, because it forces a clear distinction 
between the variables policy makers' control 
and those they do not. It provides a quantitive 
framework for the oft-observed difference be- 
tweer private and public interest. 

(c) In certain special cases, solutions may 
be available relatively easily using linear pro- 
gramming, or a suitably modified code (Bis- 
schop et al.). 

(d) The existing practice of running policy 
scenarios to scan the policy alternatives can, 
of course, continue to be used, pending further 
algorithmic developments. Hopefully, the 
explicit statement of the two-level problem 
will, ir. these cases, be a useful prop to intui- 
tion in selecting interesting scenarios to exam- 
ine. 

(e) In the meantime, the ‘‘unsolved’’ al- 
gorithmic problems of multilevel programming 
should provide a fertile field for Ph.D. theses, 
for those suitably qualified and inclined. 


[Received September 1980; revision accepted 
December 1980.] 
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Notes 


The Impact of Increased Alcohol | 


Production on Agriculture: 
A Simulation Study 


Steven B. Webb 


The higher prices of petroleum and risks of an Or- 
ganization of Petroleum Exporting Countries 
(OPEC) embargo have stimulated the search for 
alternative liquid motor fuels, including alcohcl 
from renewable sources (Alcohol Fuels Policy Re- 
view, Office of Technology Assessment, Paul). 
Any plant matter can be converted to alcohol, but 
in the near future the main input in the United 
States will be corn, because the technology for 
using the other inputs is not yet so well developed. 

Tke federal and some state governments have 
enac:ed tax exemptions for fuel mixtures that in- 
clude grain alcohol, i.e., gasohol. Because the alco- 
hol content of gasohol is only 1096, the effective 
subsidy per gallon of alcohol is ten times the 
amount of the tax exemption. So, exemption from 
the 4z federal tax gives an effective subsidy of 40e 
per gallon of alcohol, and the effective state sub- 
sidies add on another 10g to a dollar (in Iowa) per 
galloa of alcohol (Alston, p. 10). The wholesale 
price of ethanol is less than a dollar above the 
pretax wholesale price of gasoline. The enacted 
subsidies are, therefore, inducing rapid increases in 
the production and consumption of fuel alcohol. 
Furthermore, a recent study predicts that after the 
mid-1980s, fuel alcohol will be increasingly eco- 
nomically attractive even without the subsidy 
(Schrittker Associates, p. 44). 

The supply curve of grain alcohol depends chiefly 
upon the supply of corn and other feedstocks and 
upon the supply of capital and labor. In the inter- 
mediate and long-run (five years or more), one can 
assure an infinitely elastic supply of labor and capi- 
tal to an industry as small as grain alcohol would be 
even under the most grandiose schemes. Federally 
subsidized loans for alcohol distilleries will further 
assure that the supply price of capital does not rise 
as the industry expands. The slope of the alcohol 
supply curve will depend chiefly on (in)elasticities 
of supply and demand in the agricultural sector. 
Agricultural inputs currently account for over half 
the cost of grain alcohol. 

This paper seeks in one sense to estimate the 
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upward slope of the supply curve of ethanol by 
estimating the response of agricultural prices to var- 
ious levels of corn alcohol production. An alcohol 
fuel program is, on the other hand, an agricultural 
policy as well as an energy policy. So a second 
purpose of this paper is to predict the impact of 
increased alcohol fuel production on important di- 
mensions of U.S. agriculture. 

The first section of the paper will describe in 
detail the linkages between agriculture and alcohol 
produstion from corn. The next section tells some 
relevant features of the model used for the 
simulztion—the U.S. Department of Agriculture's 
(USDA) NIRAP—and describes the results of the 
simuletion experiments. U.S. agriculture appears 
well able to adapt to the impact of increased alcohol 
production. Consequently, the upward slope of the 
alcohcl supply curve will be modest. The third sec- 
tion о> the paper describes this supply curve and 
some other wider implications of the simulations. 


The Linkage of Alcohol and Agriculture 


The ccnnections between the grain alcohol industry 
and ag-iculture may be described in two ways. The 
demand for agricultural commodities will shift in 
terms of quantity as a function of the volume of 
alcoho. output. Likewise, the cost of producing al- 
cohol will depend on the price of agricultural com- 
modities. 


Physical Flows 


Producing a gallon of alcohol requires 0.4 bushels of 
corn. &o, we shall model the input for a fuel alcohol 
program as an outward shift in the demand curve 
for corm, a shift whose size is directly proportional 
to the size of the program. Distillation from corn 
yields marketable by-products, whose value re- 
duces the cost of alcohol production by about one- 
fourth “Alston, p. 6; Office of Technology Assess- 
ment, ор. 11-12; Meekhof, Gill, Tyner, p. 15). 
Conventionally this by-product is a mash, which 
when dried is marketed as distillers dry grain 
(DDG) Production of a gallon of alcohol yields 6.8 
pounds of DDG; as cattle fodder it will substitute 
for about 3.4 pounds of soybean meal. In order to 
save the cost of drying the mash into DDG, many 
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plans call for using the mash wet in feedlots adja- 
cent to distilleries. In either case, though, we can 
assume the same ratio of substitution between soy- 
bean meal and by-products per gallon of alcohol 
obtained by conventional dry milling. It is also pos- 
sible to produce ethanol from corn by a wet milling 
process that yields corn oil and gluten meal as by- 
products (Alston, p.5). As DDG displaces some 
soybean meal in the fodder market, it will become 
desirable to have corn oil replace corresponding 
amounts of soybean oil. Therefore, a mix of the dry 
milling and wet milling processes probably will 
emerge. Because dry milling produces more alcohol 
per bushel of corn, and because soybeans are about 
four-fifths meal, dry milling will be the basis for the 
simulation here. The price of soybean meal per 
weight is just over four-fifths the price of soybeans. 
So a pound of DDG is equivalent to about two-fifths 
of a pound of soybeans, and each gallon of alcohol 
will yield by-products equivalent to about .045 
bushels of soybeans.! We can, in short, model the 
impact of each billion gallons of alcohol production 
by shifting out the corn demand curve by 400 mil- 
lion bushels and shifting in the soybean demand 
curve by 45 million bushels. 


Price Linkage 


. Both the input and output flows between alcohol 
distillation and agriculture contribute to the upward 
slope of the alcohol supply curve. Obviously, as 
increased alcohol production shifts out the demand 
curve for corn, the resulting higher price of corn 
. will raise the cost of alcohol production. Increased 
alcohol production also would increase the supply 
and thus drive down the price of the by- 
products—DDG—arid of the soybeans for which 
they substitute. Lower prices for by-products raise 
the total cost of the alcohol. With corn selling at 
$3.70 per bushel in December 1980 and DDG at 
$120 per ton (half the price of soybean meal) and 
with 20% inflation of Alston's estimate of other 
costs ($.55/gal. in 1978 dollars, p. 6), ethanol would 
cost $1.67 a gallon. Each percentage point rise in 
the price of corn would raise the cost of ethanol 
0.85%, and each percentage point fall in the price of 
DDG would raise ethanol cost 0.2596. 


Simulation with NIRAP 


The National Interregional Agricultural Projection 
(NIRAP) system is a computerized simulation 
model of the U.S. agricultural sector. A model of 
this complexity is necessary because of the numer- 
ous interactions that would take place as alcohol 
production simultaneously increased the demand 
for corn and the supply of a soybean substitute 
(DDG). Marginal land would be drawn into corn 


1 One gallon of ethanol yields 6.8 lb.DDG = 3.4 lb. soybean 
meal = 2.7 lb. soybeans = .045 bushels of soybeans. 
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cultivation. There would be substitutions in produc- 
tion as land was switched to corn from other crops, 
especially soybeans. There would be substitution in 
fodder usage, soybeans for corn. There would be 
substitution in animal raising and in meat consump- 
tion as animals needing relatively more soybeans 
(cattle) were substituted for those needing mostly 
corn (hogs and chickens). Exports would react to 
any changes in domestic prices. NIRAP incorpo- 
rates these interactions into its simulations. 


Simulations 


For the principal set of simulations, alcohol fuel 
output was 10 billion gallons annually. This is an 
upper bound on eventual production levels, since it 
would almost suffice for gasohol completely to 
replace straight gasoline at current levels of use. 
Ten billion gallons of alcohol per year would re- 
quire corn inputs equal to about half of current U.S. 
production. The structure of the NIRAP model is 
such that the effects of alcohol production are not 
exactly proportional to the volume of alcohol pro- 
duced. So some results from simulations of 5 billion 
gallons of alcohol per year are reported to give the 
reader a sense of the nonlinearities. 

Shifts in the export demand curves simulated the 
impact of a fuel alcohol program. The export de- 
mand curve for corn was shifted up by an amount 
corresponding to the input requirements for fuel 
alcohol production, and the export demand curve 
for soybeans was shifted down by an amount corre- 
sponding to the by-product output of 1979 and 1985. 
A longer phase-in period, 1979 to 1990, yielded 
similar results. 


Measures of Impact 


To measure the impact of grain ethanol production, 
the outcomes in various scenarios are compared 
with a base case in which there is no alcohol pro- 
duction and also no explicit government price sup- 
port programs. The NIRAP projections include a 
rate of inflation, which is certainly realistic in gen- 
eral but is not likely to be precisely accurate in 
predicting price levels ten or twenty years hence. 
So, the differences between values in the base case 
and those in the simulated scenarios are reported as 
percentage changes from the base case value. Table 
] reports for several simulations the percentage 
changes in some of the key variables in agriculture. 

For the purpose of estimating the slope of the 
ethanol supply curve, the changes in the price of 
corn and soybeans are most relevant. 

For the purpose of understanding how the struc- 
ture of agricultural production and consumption 
will change in response to large-scale ethanol pro- 
duction, we also want to look at changes in other 
key prices—wheat, beef, and pork. Even more re- 
vealing will be the changes in the production quan- 
tities of corn, soybeans, wheat, and meat, and in the 
amounts of these commodities that are exported. 
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Table 1. Projected Effects of Grain Alcohal Production on Selected Variables in the Agricultural 

Sector 

Column 2 3 4 5 6 7 

Alcohol output (bilion gal./yr.) 5 10 10 10 10 10 10 

Year 1£90 19£5 1990 2000 1985 1990 2000 

Corn inputs (million bu./vr.) 2,C00 4,00 4,000 4,000 4,000 4,000 4,000 

By-product output “soybean equivalent 
riillion bu./yr.) 225 4*0 450 450 0 0 0 

Percentage changes:? 

Corn — price 20.9 45.5 46.0 37.0 50.1 50.1 40.1 
cutput 203 37.5 42.8 35.5 37.6 42.5 35.1 
exports -57 -8.7 —7.0 -5.7 -9.2 -7.2 —6.0 

Sorbeans — price -54 -6.3 —9.8 -9.3 9.4 6.2 4.1 
cutput —91 —163_ -170 —152 4.0 4.2 2.9 
exports 46 9.8 10.1 8.1 2:2 1.9 0.9 

Wheat — price 13 SE 3.3 1.8 7.9 4.9 3.0 
output 25 5.C 5.4 4.1 4.9 5.3 3.8 
exports 13 3.2 3.0 2.0 2.8 2.6 1.5 

Beef — price —2.8 9.7 1.1 5.1 11.3 2.2 5.8 
output 0.1 0.¢ 0.7 +0.0 0.7 0.4 —0.4 

Pork — price 88 21,5 21.1 15.4 24.6 22.8 17.9 
output -23 -3.2 —4.0 —4.0 -3.7 -4.5 —4.6 

Farm prices (aggreg. index) 36 11.4 8.3 5.9 14.1 10.5 7.4 

Net farm income 77 32.: 18.3 11.4 41.2 23.6 14.3 





* Compared to the base case projection with no alcohol production and no price supports. The percentage change was calculated as the 
difference from the base case divided by the value in the base case. 


The ramifications of a fuel alcohol program for 
Americans’ overal lifestyle show up in two vazi- 
ables. The changes in real net farm income show 
the benefits that will accrue to farmers. The 
changes in an index of average agricultural prices 
(paid to farmers) reveal the adverse impact on ell 
consumers' budgets. 


Results 


The first 4 columns of table 1 show the projected 
values of key variables in simulations using tre 
standard assumptions about input and output flows. 
Each billion gallons of alcohol requires 400 millicn 
buskels of corn and yields by-products that subst- 
tute for 45 million bushels of soybeans. The max - 
mum levels of alcohol production—5 billion gallors 
annually for column 1 and 10 billion gallons fcr 
columns 2-4—are reached by 1985 and maintained 
thereafter. 


Price Effects 


Corn's price reacts most dramatically to alcohcl 
production. Each additional billion gallons of alce- 
hol per year raises he price of corn by about 4%. 
The relationship between alcohol production and 
corn price is linear in logarithms; each additional 
billion gallons of alcohol raises the naturai 
logarithm of the corn price by the same amount. 


0.038 in 1990. Alcohol production drives down soy- 
bean prices, as one would expect, because of the 
by-product DDG substituting for soybean meal. 
The relation for soybeans is complicated, however, 
by the substitution with corn in both production and 
consu mption, induced by the strong rise in the price 
of corn. Still we can say that each additional billion 
gallors of alcohol production per year will lower the 
price of soybeans and their substitutes (DDG) on 
the order of 1%. This is not out of line with the 
findinzs of Meekhof, Tyner, and Holland, using a 
mode: with only corn and soybeans, that increasing 
ethanol production from 1 to 2 billion gallons would 
raise :he price of corn 5.5% in the early 1980s and 
lower the price of soybeans 2%. 

Alcohol production also affects prices of com- 
modites not directly involved. Wheat prices would 
rise, kut only about half a percent for every billion 
gallons of alcohol annually. Pork prices reflect the 
effects of higher feeding costs, with the percentage 
rise ir projected pork prices being almost half as 
large as the percentage rise in corn prices. Beef 
prices react to at least three influences: high pork 
prices shift consumer demand toward beef; high 
corn rrices raise the production cost of beef; ànd 
falling soybean prices lower costs. Because the last 
effect zoes in the opposite direction from the first 
two and because the effects are nonlinear, beef 
prices fall for low levels of alcohol production and 
rise for high levels. The overall index of prices paid 
to farmers goes up a percentage point or less per 
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billion gallons of alcohol output. Although the ef- 
fect on the overall consumer price index would be 
imperceptible, the rise in meat prices would be 
noticed and might arouse political opposition to 
gasohol subsidies. 


Output Effects 


Increased alcohol production would push up corn 
output almost as much as corn prices. The percent- 
age of decline in soybean production is, on the 
other hand, around twice the percentage of decline 
in price. This happens because the increased avail- 
ability of DDG shifts the soybean demand curve 
leftward, while the switching of land from soybeans 
to corn shifts the soybean supply curve also to the 
left. Wheat output increases in order to fill the in- 
creased need for corn substitutes. One can visualize 
the wheat-growing regions expanding slightly, per- 
haps at the expense of the corn-soybean regions, 
while the crop mix in corn-soybean regions shifts 
strongly toward corn.? The small change in pro- 
jected beef production reflects that the price rise 
resulted from nearly equal upward shifts in its sup- 
ply and demand curves. The decline in pork output, 
much smaller than the rise in price, confirms that 
the supply curve shifted up along a relatively static 
demand curve. 


Exports 


The major changes in exports, caused by alcohol 
production, are the decline of corn exports and rise 
of soybean exports. Wheat exports actually rise 
some, presumably to fill the gap in world markets 
left by the decline of corn exports. The net change 
in the trade balance would be positive, chiefly be- 
cause of the higher corn prices. 


Without By-Product Sales 


One of the major uncertainties about large-scale 
grain ethanol production is how the corresponding 
large output of by-products will be marketable. In 
other words, will one billion bushels of DDG substi- 
tute for soybeans at the same ratio that 10 million 
bushels do at present? The scenarios discussed so 
far presume that they will. Realistically, one must 
expect some decline in the price of DDG and other 
alcohol by-products relative to the price of soybean 
products. 

To see an extreme upper bound on the effect of 
diminishing opportunities for utilizing alcohol by- 
products, columns 5,6, and 7 of table 1 report re- 
sults of a simulation where it was assumed that no 
alcohol by-products entered the agricultural econ- 
omy. Except on soybeans, the effects in this no- 
by-product scenario, which has the same alcohol 
output as columns 2,3, and 4, do not differ much 


1 The version of the NIRAP model that I used does not 
explicitly calculate the amount of land in cultivation. 
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from the standard scenario. The prices of corn, 
wheat, beef, and pork rise a little more in the no- 
by-product scenario, and their outputs rise slightly 
less or, in the case of pork, fall slightly more. Net 
farm income rises about 30% more in the no-by- 
product scenario. The big change, of course, is for 
soybeans, whose price and output rise rather than 
fall. 

Any other reasonable scenario for the prices and 
uses of by-products would yield results intermedi- 


‘ate between those in columns 2—4 and those in 


columns 5-7. 


Further Implications 


The previous section reports the simulated effects 
of increased alcohol production on the prices and 
flows of commodities in the agricultural sector. 
These changes will have some broader ramifica- 
tions for the supply price of ethanol, for the income 
of farm households, for the efficiency losses that 
our society would incur by subsidizing fuel alcohol, 
and for the moral issue of producing fuel from grain 
while millions of people in the world go hungry. 


Ethanol Supply Curve 


The long-run ethanol supply curve starts at a height 
approximately equal to its current cost, $1.67 per 
gallon, and slopes upward in accordance with the 
impact of ethanol production on agricultural prices. 
As described earlier, the cost of ethanol production 
rises 0.85% for each percentage point rise in the 
price of corn and 0.25% for each percentage point 
fall in the price of DDG. Each billion gallons of 
ethanol production will raise the price of corn 4% 
and lower the price of soybeans (DDG substitute) 
about 126. The ethanol supply curve will, therefore, 
rise 3,65% for every billion gallons of ethanol. So 
producing 10 billion gallons of ethanol annually, the 
upper bound, would push its price up 36.5%, to 
around $2.30 per gallon in 1980 dollars. 


Farm Incomes 


How the gasohol program ''plays in Peoria" and 
elsewhere in the rural Midwest depends chiefly on 
what it does to farm incomes—measured by ‘‘real 
net farm income” in the NIRAP model. Gasohol 
will be a political success with farm constituencies. 
In 1990, every additional billion gallons of alcohol 
annually would raise real net farm incomes by over 
1.596. 'The boost to net farm incomes from a given 
level of alcohol production appears to diminish over 
time. This occurs because land costs, which are 
netted out in the calculation of net farm income, 
rise in response to the greater demand for agricul- 
tural output. So if we count land rents as part of the 
profits of agriculture, rather than as part of the cost, 
then the supplement to farm income appears more 
accurately in the calculation for 1985: each billion 
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gallons of annual alcohol production raises farn 
income by 2% to 3%. 

As a policy to augment agricultural income, 
ethanol production subsidies should be compared 
with existing price support programs. To compare 
current crop diversion schemes with ethanol pro- 
duction, the NIRAP program was run with the con- 
Straint that government payments to farmers bc 
sufficient to give the same net farm income as in the 
simuiation for 10 billion gallons of ethanol produc- 
tion. The simulated necessary government outlay:. 
were 4.4% of potentially marketable output in 1985 
6% in 1990, and 1.9% in 2000. Government pay- 
ments were, in comparison, below 196 ir. the mid- 
1970s but over 696 in the late 1960s (USDA 1977, p 
32). 


Social Costs 


Stancard supply and demand analysis reveals the 
socia. cost of a fuel alcokol subsidy compared to £ 
free raarket situation. The area under the fuel alco- 
hol demand curve is the benefit to soc. ety from 
alcohol production—a gain divided between in- 
creased surplus for liquid fuel consumers and de- 
creased resource costs of producing nonalcohol 
fuels. The area under the alcohol fuel supply curve 
is the resource cost of its production. So zhe social 
loss f-om a fuel alcohol subsidy is the arza that is 
between the two curves, to the right of thz equilib- 
rium without a subsidy, and to the leit of the 
equiliorium with a subsidy. When, as now, there 
woulé be virtually no fuel alcohol production with- 
out a subsidy, then the area of social loss is most of 
the value of the (implicit) government subsidy. The 
Schni-tker Associates predict, however, that by 
1985/6 the price of oil will have risen encugh rela- 
tive tc the price of corn so that substantial amounts 
of fue! alcohol would be produced even without a 
subsidy (p. 44). In that event the social loss from 
the subsidy, if it remains, probably would be well 
under half the total value of the subsidy. In either 
case, zhe more responsive the agriculturzl sector, 
i.e., tte more readily it diverts resources away from 
alternative uses and therefore the flatter the alcohol 
supply curve, the greater is the social cost arising 
from г given per gallon subsidy, and the smaller is 
the proportion of the subsidy that would te a pure 
transfer to the farmers’ net income? Clea-ly then, 
the implication of the NIRAP simulation, that the 
alcohol supply curve is relatively flat, means that 
the gasohol subsidy will be effective as an energy 
policy to reduce dependence on petroleum but will 
be a socially wasteful way to subsidize farm in- 
comes 


3 See Webb (1981) for a fuller discussion. To the extent that 
present programs subsidize farm incomes by diverting some re- 
sources, e.g., land, from their highest valued uses, the social cost 
of replac.ng these programs with tke fuel alcohol subsidy would be 
less thar when compared with thz free market situation. 
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Food »ersus Fuel 


The moral question about producing fuel from re- 
sources that could feed hungry people is addressed 
most cirectly by looking at the changes in exports, 
especially of wheat. The main U.S. export that 
feeds the world's poor is wheat. Developing coun- 
tries bay two-thirds of U.S. wheat exports and use 
them mostly for human consumption (USDA 1979, 
pp. 49-50). In the NIRAP simulations, fuel alcohol 
production actually caused wheat exports to in- 
crease Granted, the increased exports probably 
take the place of corn as fodder, but the wheat price 
rise is only 2% to 6% and so would do little to 
discourage human consumption. 


Conclusions 


The U S. agricultural economy as modeled in the 
NIRAP program appears to be capable of adjusting 
withou: major difficulties to even high levels of fuel 
alcohol production. The price of corn and cost of 
alcohol would rise significantly but not so high as to 
rule oux the possibility of replacing with alcohol a 
tenth o? current gasoline consumption. This predic- 
tion of great responsiveness by American agricul- 
ture is 30t surprising in view of its historical ability 
to adjust to shocks at least as large as those result- 
ing from high levels of alcohol production. The 
extensiveness of the relationships modeled in 
NIRAF not only gives insights into the indirect 
effects of increased alcohol production but also 
probably accounts for why the direct effects are so 
mitigated. 


[Received August 1980; revision accepted 
February 1981.) 
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Impact of the Farmer-Owned Reserve on Privately 


Owned Wheat Stocks 


Jerry A. Sharples and Forrest D. Holland 


Peck and Gray, in a recent article, point out that 
private stockholding tends to be neglected in tte 
literature on grain reserves. They empaasize that 
the relationship between publicly controlled re- 
serves and privately owned stocks is crucial in de- 
termining the effectiveness of a grain reserve pro- 
gran.. We agree. In this paper we further probe the 
private demand for wheat stocks. Now that three 
years’ data are available on the U.S. farmer-owned 
reserve (FOR) it is possible to make an nitial est- 
mate of the impact of subsidized wheat reserves o1 
privately owned wheat stocks. 

Wheat started entering the FOR during the 1977/ 
78 marketing year. The quantity in the reserve in- 
creased until January 1979, when 413 million 
bushels were accumulated. In May 1979, the whea: 
price reached the release level and farmers startec 
withcrawing wheat from the reserve. One woulc 
expect that the reserve represented an additiona 
demand for wheat during that time of accumulation 
raising the wheat price. But the price impact woulc 
depend upon the extent to which the whezt put intc 
the reserve otherwise would not have been stored 
by farmers. We hypothesize that wheat stocks ac- 
cumu.ated in the FOR partially substitute for wheat 
that otherwise would have been stored by farmers. 
If there is substitution, the effectiveness of the re- 
serve as a price-moderating policy tool is reduced. 

We have two purposes. First, to estimate the 
impact of the FOR on the demand for year-ending 
wheat stocks and second, to demonstrate the poten- 
tial of a little-used functional form for estimating the 
demard for stocks. 


The Model 


The supply-of-storage theory is used in this paper to 
explain stockholders' behavior. From that theory 
we derive a demand-for-stocks function thet relates 
curren: season wheat price with the quentity of 
carryover wheat stocks. The supply-of-storage 
theory has been discussed by Working and Labys 
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and cently applied by Peck to the wheat market. 
The zupply-of-storage theory postulates a positive 
relat »nship between the ‘price of storage" (a dis- 
coun&ed, expected future price minus the current 
price, and the quantity stored. In this analvsis thé 
quan-ty of wheat, S, remaining in storage at the 
end c? the marketing year is a function of expected 
retur, E(R), i.e., 


(1) S = f[E(R)], where 
(2) Е(К), = P*4,—- Р,— С, 


and F^,,, is expected wheat price the next year, P, 
is wheat price in the current year, and C, is the 
variakle cost, including an interest charge, of stor- 
ing оге unit of wheat. For simplicity, it is assumed 
that t-ere is no limit to storage space for wheat in 
the Umited States. 

We »ostulate the relationship between stocks and 
expeced return to be as shown in figure 1.! This 
relaticaship illustrates two purposes for holding 
stocks for convenience (often called pipeline or 
worki-g stocks) and for speculation. Pipeline 
stocks are held by processors and traders to enable 
them => utilize their plant and equipment and to 
facilite:e trade. These stocks are normally hedged 
on the futures market, and the quantity held is not 
very responsive to changes in expected return from 
storage. Pipeline stocks are held even when ex- 
pected -eturn is negative. Most of the stocks shown 
in figure 1 with negative expected returns would be 
pipeli. stocks. . 

Specalative stocks are held with the expectation 
of a positive return from storing wheat. Conse- 
quently. speculative stocks are very responsive to 
the le! of expected return to storage. Most 
speculecive stocks appear to be unhedged stocks 
owned ky wheat producers.” For a large number of 
specule ors with identical expected returns, the 
curve .1 figure 1 would be perfectly elastic at 
E(R) = 0. But in this case E(R) represents an 
aggregate estimate of differing expected returns of 


1 Strict - speaking, figure 1 does not show a supply-of-storage 
function sce E(R) contains both the price of storage and storage 
costs. Hcvever, figure 1 is useful for this analysis. 

? A USDA survey showed that on 1 Jan. 1979, 50% of U.S. 
wheat stocks were stored off the farm but 62% of these off-farm 
stocks wexe owned by farmers. If it is assumed that all on-farm 
stocks are 'armer-owned, then on 1 Jan. 1979, farmers owned 81% 
of U.S. weat stocks. The same survey the two previous years 
showed sinilar results (reported in USDA, Grll-1 25 Jan. 1977 and 
Feb. 199). 
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Figure 1. 
tion 


Hypothetical year-end stocks func- 


many speculators. Each speculator may have dif- 
ferent values of P*,,,, С;, and P,. Thus, there is a 
positive slope to the curve for values of E(R) near 
Zero. 

Substituting (2) into (1) gives 


(3) 5, = f(P*4, = P, — C). 


This stocks function can be transformed into a 
stocks demand function (where 5, is a function of 
P,) if values of expected price, P*,,,, and holding 
costs, С,, are held constant. The relationship be- 
tween S; and P, is expected to be negative. Given a 
price expectation for next year and a constant hold- 
ing cost, as current price increases, expected re- 
turns from storing wheat decreases and thus the 
quantity stored decreases. 

The relationship between the quantity of wheat 
Stocks in the farmer-owned reserve and the wheat 
market price is difficult to handle in theory. This 
demand relationship is believed to be both discon- 
tinuous and nonsymmetrical. Two examples of 
modeling the demand for FOR stocks are presented 
in Bredahl, Meyers, and Womack and in Sharples. 
The purpose of this paper, however, is not to esti- 
mate participation in the FOR, but rather to esti- 
mate the impact of the FOR on the total quantity of 
Stocks. Thus, FOR stocks are assumed exogenous 
in this analysis. 

The FOR is a complicated program with many 
administrative provisions. For an explanation of the 
FOR, see Burnstein. The essence of the program, 
however, is to subsidize private stockholding when 
the wheat market price is below a specified release 
price. Thus, the FOR would be expected to in- 
crease private stocks, ceteris paribus. In this study 
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the relationship between the FOR and the total 
stocks function is assumed to be simple: 


(4) S, = f(P*u. — Р, – С,) + Y (FOR), 


where S, is privately owned year-end wheat stocks 
(including FOR stocks), and FOR is quantity of 
wheat stocks in the farmer-owned reserve. The 
value of y is expected to be 0 « y < 1, i.e., a bushel 
added to the FOR increases total privately owned 
stocks by less than one bushel. If y is near 1,. the 
FOR program is effective in increasing total stocks. 
If y is near zero, the FOR program is ineffective. 
The value of y likely is not a constant; it probably is 
positively related with the size of the FOR and with 
price. But because there are only two positive ob- 
servations for FOR in our data set, y is assumed 
constant. 


Estimation 


In this section an estimate of equation (4) is ob- 

tained using annual data from 1972/73 to 1978/79. 

Wheat stock demand curves are derived from the 

estimated equation for ending stocks in 1977/78 and 

1978/79. 'The impact of the FOR on the stock de- 

mand curves those years also is estimated. 
Storage costs, C,, in equation (4) are 


(5) C, = LP, + V, 


where J, is the interest rate, and V, is the variable 
cost of storing a bushel of wheat. 

A simple expectations model is used as a proxy 
for the aggregate of all wheat speculators' price 
expectations: 


(6) P¥ i) = (Р, + Pi Р») + 3. 


This naive formulation assumes that speculators 
expect the price next year to be a simple average of 
the wheat price over the three most recent years.? 

In order to incorporate several desirable proper- 
ties, discussed below, the following functional form 
is used to represent the relationship between pri- 
vately owned wheat stocks and expected return 
from storage: 


(7) S, = o[K — E(R),? + y(FOR), 


where K is an assigned constant, discussed below. 
The signs of a and 8 are expected to be positive and 
negative, respectively. Note in equation (7) that 
when the expected return approaches K, the value 
of S approaches infinity, and when E(R) ap- 
proaches negative infinity, $ approaches zero. With 
the appropriate selection of K, equation (7) will 
approximate the form shown in figure 1. In order to 
prevent negative numbers from being raised to a 


3 More complex expectation models could have been used. The 
results indicate, however, that this naive model performs quite 
well. We also tried adjusting the prices in equation (6) for inflation. 
This expectation model gave a better estimate for 1979/80 stocks 
but over the fit period, it had a lower R?. 


540 August 198] 


negative power in equation (7) the valie of K must 
be larger than the largest observed vzlue of ЕСК), 
i.e., .29 in 1976/77 (see table 1). Also, the level cf K 
has an impact on the price elasticity of the stozks 
demand functions derived from equation (7). Rela- 
tively small values of K force the demand functions 
to be less elastic at high prices than at low prices—a 
condition expected by Hillman, Johnsoa, and Gray. 
Alternative values of K were tested and R? was 
maximized when K = 0.6, a value that met both of 
the above criteria. 

Equation (7), with К = 0.6, is estimated us:ng 
data for the seven marketing years 1972/73 to 
1978/79 (table 1). 1972/73 appears to have been the 
beginning of a structurally changed wheat market. 
Exports dramatically increased that уеа- to a higker 
sustained level. By the end of the year most CCZ- 
owned wheat stocks were sold. Mcdeling this 
sev2n-year period is simplified because (а) tne 
market price is always above the loan zate, so tne 
influence of the price support feature о> the wheat 
program is minimal; and (b) the inventory of CCZ- 
owned wheat stocks is insignificant, thus their irn- 
pac: on private stockholding may be ignored. 

The estimated stock supply function is^ 

4 The Time-Series Processor package was usec on the CDC 


6500 Standard errors for the estimated parameterz were not eb- 
tained using the iterative least-squares technique. 
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(8) 5, = 609(0.6 — E(R),?? + .86(FOR,), 


where the adjusted R? = .99. The estimated stock 
function, assuming no farmer-owned reserve, is 
shown in figure 2. As can be seen by the R? value 
and the plots in figure 2, the equation fits the data 
well. The largest difference between the estimated 
and actual values is for 1973/74, where the equation 
overestimates the actual value by 29 million bushels 
(926 .. Including the impact of the FOR stocks the 
last two years, the equation overestimates ending 
1977:78 stocks by 3% -and underestimates the 
1978'79 stocks by 3%. . 
Ecuation (8) may be expanded to 


P, + Pry + Pro 
3 


—.512 
— Р, – ІР, – V, 


Derived stocks demand functions аге obtained for 
1977/78 and 1978/79 by substituting values for 
lagged prices, interest, and variable storage costs 
into equation (9). These values are obtained from 
table 1. The resulting demand equations are 


(10) Sins = 609(.764Р в — 1.24) 3” 

+ .86(FORi78); 
(11) Sus = 609(.755Prai79 — 0.82) 9? 

+ .86(ЕОЁ вте). 


9) S = 6090.60 = | 


+ .86(ЕОК,). 


K = ‚60 
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Table 1. U.S. Aggregate Data Used for Regression Analysis 

Year-End Season Expected Expected Year-End 
Marketing Wheat Average Price Next Storage Interest Return from FOR 

Year Stocks? Wheat Price Year? Costs? Rate? Storage* Stocks 

(Mil. bu.) (Dol./bu.) (Dol./bu.) (Dol./bu.) (Dol./bu.) (Dol./bu.) (Mil. bu.) 
1970/71 — 1.33 — — — — — 
1971/72 — 1.34 — — — — — 
1972/73 591 1.76 1.48 15 .070 —0.56 0 
1973/74 339 3.95 2.35 .16 .081 — 2.08 0 
1974/75 435 4.09 3.27 .18 .094 —1.39 0 
1975/76 665 3.56 3.87 21 .089 —0.22 0 
1976/77 1,112 2.73 3.46 22 .082 0.29 0 
1977/78 1,131 2.33 2.87 .26 .079 0.10 340 
1978/79 875 2.98 2.68 .27 .088 —0.83 400 
1979/80 761 3.82! 3.04 .29 .106 —1.47 250 





Sources: Stocks and prices, publications of USDA World Food and Agricultural Outlook Situation Board, ESS, and ASCS. 
2 Excludes CCC-owned stocks but includes FOR stocks and wheat under CCC Ioan, 31 May. 


> Computed using equation (6) of the text. 
* Based upon CCC storage rates. 


4 The average annual rate charged by Production Credit Associations (sources are table 683, Agricultural Statistics, 1978 and p. 28, 


Agricultural Finance Databook, Aug. 1980). 


* Expected price minus season average price minus storage costs; equation (2) of the text. 


f Preliminary (Nov. 1980 USDA estimate). 


Equations (10) and (11) are shown in figure 3 with 
the impact of the FOR omitted. These curves are 
estimates of what the stocks demand curves would 
have been without the FOR. 

Assuming no FOR stocks, the stocks demand 
curve for 1978/79 lies to the left of the 1977/78 
curve, and is less elastic (elasticities are given in 
table 2). This is so for two reasons. First, accord- 
ing to the simple price-expectations formula, 
speculators have lower expectations of future 
prices in 1978/79 than in 1977/78, for a given current 
price. For example, if the market price is $3.00 in 
1977/78, the price expected for 1978/79 by 
speculators in 1977/78 is (3.00 + Pı + P-a) + 3 = 
(3.00 + 2.73 + 3.56) + 3 = $3.10. If the market 
price is $3.00 in 1978/79, then speculators expect 
the price the following year to be (3.00 + 2.33 + 
2.73) + 3 = $2.69. Second, costs of holding stocks 
are higher in 1978/79 than in 1977/78 because both 
the interest rate and variable storage costs increase 
(table 1). 
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Figure 3. Demand for privately-held, year- 
end wheat stocks, 1977/78 and 1978/79, omit- 
ting impact of the FOR 


The estimated value of y in equation (7) indicates 
that privately owned wheat stocks increase .86 
bushels for each bushel put into the FOR. This sug- 
gests that the FOR is effective in accomplishing one 
of its objectives—to increase stocks when the mar- 
ket price is below the release price. 

The impact of the FOR on the wheat market may 
be illustrated for the 1977/78 marketing year assum- 
ing y — 0.86. Without the FOR that year, the 
demand-for-private-stocks function would have 
shifted left by (340 x 0.86) — 292 million bushels. 
This reduction in demand would have dropped the 
season average wheat price to the price support of 
$2.25 per bushel.* If not supported, the price would 
have been lower. With the wheat price at $2.25 
rather than at $2.33 in 1977/78, domestic use would 
have increased about 6 million bushels, exports 
would have increased 26 million bushels, and the 
net change in total stocks would have been an 
offsetting decrease of 32 million bushels. The price 


5 Price elasticity of demand is assumed to be —0.2 for domestic 
use and —.6 for exports. Elasticity of demand for stocks is ob- 
tained from the estimated equation (see table 2). 


Table 2. Elasticity of Demand for Wheat 
Stocks at Selected Prices for Demand equations 
(10) and (11); FOR = 0 


Equation (10) Equation (11) 





Price 1977/78 1978/79 
5.00 —0.77 —0.65 
4.00 —0.88 —0.70 
3.00 —1.15 —0.80 
2.00 —3.03 -1.12 





Note: For the demand function of the form 5 = Lp + a(L,P — Lf, 
the price elasticity of demand ise = Ba(L,P — L7(L))(53)(P). 
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support program, in effect, makes the demand for 
stocks perfectly elastic at the wheat loan rate. It 
would have offset partially the stocks-reducing ira- 
pact of not having the FOR in 1977/78. 

The estimate of the impact of the FOR on private 
stocks is admittedly crude. Only two years’ obse-- 
vations on the FOR are included in the data set. The 
estimate of y captures the net effect of all exoge- 
nous shifters of the stock demand function thoss 
two years—not just the impact of the FOR. There 
are two reasons to believe that the value of y over- 
estimates the impact of the FOR. First, the 
whezt-marketing system had unusual difficulties ia 
1978,79 getting grain to terminal markets from earl~ 
spring until after the end of the marketing year om 
31 May. The Great Lakes opened late. Later, г 
major railroad serving wheat states was shut down 
'These factors likely restricted marketings and in 
creased ending stocks while only having a smal 
impact on season-average price. Second, the quan- 
tity of pipeline stocks may be positively related tc 
the volume of wheat marketed. The average volume 
of wheat marketed during the two sample years 
conta ning the FOR exceeds the average of the 
sample years by 264 million bushels. The estimate 
of y would capture this impact as well as the impact 
of the FOR. It is hypothesized that the two items 
listed above shifted the stocks demand function 
right during the sample years containing the FOR. 
If the hypothesis is true, the contribution to wheat 
Stocks provided by the FOR is overestimated. 

Equation (9) was used to estimate private stocks 
at the end of the 1979/80 marketing year using the 
data in table 1. The estimeted value of 634 million 
bushels underestimates the preliminary actual value 
of 712 million bushels by 11%. The shock to the 
wheat market of the U.S.-Soviet trade suspension 
in January 1980 may have been г factor contributing 
to the underestimate. 


Implications 


The sample size and the degrees of freedom in this 
analysis are small, so the results must be viewed 
with some skepticism. Also the quantity of stocks 
held surely is determined simultaneously with other 
uses, price, and government action. The evidence, 
however, indicates that the FOR provided a sub- 
stantial additional demand for wheat in 1977/78 and 
1978/79—-years when the FOR was being filled. The 
estimated value of y in equation (7) is 0.86: one 
bushel of wheat placed in the FOR increases the 
total quantity of stocks demand by 0.86 bushels. 
The supply-of-storage corcepts used here appear 
to explain the wheat stockholding actions of private 
firms in recent years. Also, the functional form used 
for estimation has several useful attributes. First, it 
relates well to the hypothesized relation between 
stock size and expected net return to storage as 
drawn in figure 1. Second, the price elasticity along 
the demand curve changes as price changes. Specif- 
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ically, it is possible for the elasticity to decrease as 
price increases—an attribute not associated with 
conventional demand equations. Third, it allows 
the cemand curve to shift over time in response to 
changed price expectations as well as changed stor- 
age costs and interest rates. 

As more data and experience with the FOR are 
obtaired, a more thorough examination of the hy- 
pothesized relationship between the FOR and the 
demand for grain stocks may be done. One possibil- 
ity for overcoming the small number of observa- 
tions "vould be to use state data. With an expanded 
sample, several additional questions could be exam- 
ined. Is y in equation (7) positively correlated with 
price end the size of the FOR? What is the nature of 
the demand for stocks when price is above the FOR 
release level? What is the appropriate level of K in 
equation (7)? A test of the latter question would test 
the assertion by Hillman, Johnson, and Gray that 
the price elasticity of demand for privately owned 
stocks is less elastic at higher prices. Thís is a key 
issue vhen analyzing stability and grain reserves. 


L3eceived May 1980; revision accepted 
January 1981.] 
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Food Demand and Savings in a Complete, Extended, 


Linear Expenditure System 


David B. Eastwood and John A. Craven 


Demand equations dezived from the classical, con- 
strained, utility-maximization problem state that 
quantities demanded are functions of all prices and 
income. An implication is that consumer purchase 
decisions are interrelated and should be viewed 
from a systems context. Recent economic events 
have focused attention on the high prices of energy, 
medical services, food, and housing, as well as the 
low level of consumer savings. Such concerns make 
it desirable that we have estimates of a set of pa- 
rameters which will allow inferences to be made 
about the probable response of food demand and 
savings to changes in consumer income and a cem- 
prehensive set of consumer prices. 

The purpose of this note is to present and com- 
pare the parameter estimates and systems projec- 
tions obtained from two alternative formulations of 
Lluch's extended linear expenditure system 
(ELES). Savings is explicitly introduced into both 
variants by the constrained maximization proce- 
dure. From a practical viewpoint, we delineate a set 
of demand categories which we feel are more rele- 
vant to the study of current economic problems 
than those used in most published studies. 


The Model 


Lluch develops the ELES via the constrained 
maximization of an intertemporal Klein-Rubin util- 
ity function subject to 2 budget constraint in which 
personal income is the limiting exogenous vari- 
able.! Howe, by making a simple assumption about 
the savings behavior of consumers, has shown that 
the ELES also can be obtained through the con- 
strained maximization of a static Klein-Rubin utilizy 
function.? Howe's approach is outlined below. 
Assume in each time period that (a) a consumer's 


David B. Eastwood is an associate professor of consumer econom- 
ics at the University of Tennessee, Knoxville. His work on tne 
project was completed while on leave with the National Econom- 
ics Livision, Economics and Statistics Service, U.S. Department 


of Agriculture. John A. Craver. is an agricultural economist, NED — 


ESS USDA. 

Views expressed do not necessarily reflect those of the USDA. 

! Cur model development is, of necessity, brief. The reader who 
is no: familiar with the propert:es of complete demand systems in 
general, or the extended linear expenditure system in particular, 
can find an excellent discussion in Phlips. 

2 Both formulations are "'extensions'' of Stone's linezr expendi- 
ture system (LES). They are extensions in the sense that savings 
are determined as an endogenous component in the model. 


pre*erence ordering can be represented by the 
Klan-Rubin utility function, and that (6) he allo- 
cates income among л consumption categories and 
an (1 Dth category that is savings. Stated in math- 
emztical terms, the consumer's maximization prob- 


lem is as follows: 
mil 


(1) maximize U = У 8, log (xi — yi), 
iml 
n+l 

(2) subject to 5 рд = у, 


i=] 


where U is utility, the x’s are quantities, the p's are 
pric2s, y is income, the fj, and y; are parameters, 
and the subscript refers to a specific commodity. By 
аѕѕштіпе that the y for savings, $, is zero, Howe 
obtzns the demand and savings equations of the 
syst2m which are identical to those of Lluch: 


(Зал х= yr (Bi/pIO- S pm) and 
i 


n 
(3b) 5 = PasiXne1 = Bua — Уруу). 
fa 


W thin the ELES, the demand for a commodity is 
composed of two parts. The first part (yj) is an 
amount which the consumer perceives as a '"'mini- 
тшт requirement” or "habit persistence” quan- 
tity.* The second component consists of a propor- 
tion /8j/p,) of the income left after accounting for 
all ex penditures on the habit persistence quantities. 
This income component is called ‘‘supernumerary”’ 
or "surplus" income. В, is the marginal expenditure 
on tte ith commodity, given a small change in in- 
come. Thus, depending upon the equation, 8, can 
be interpreted either as the marginal propensity to 
consume good i or the marginal propensity to save. 

Ordinary price elasticity formulas are as follows: 


Own Price 
ey = —1- (1 — Bo(yi/x) 
Cross Price 
Ey = —i(iyi/pixi) 
3 This, Howe's assumption is that the minimum required quan- 


tity of savings is zero. The minimum requirement interpretation of 
the у parameters is attributable to Samuelson. 
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The income elasticity formula is B;/w;, where w; is 
the average budget share defined as p;x;/y. All vari- 
ables are referenced at the current time period. 
Variants of the ELES can be obtained by specify- 
ing alternative functional forms for the parameters. 
In addition to the form (3) which assumes constant 
values for the parameters, we specify a model in 
which the habit persistence parameters are as- 
sumed to be direct proportions of the previous pe- 
riod's consumption (y; = o;xi.,).* For discussion 
purposes, we identify this model as ELESH. The 
solution of the ELESH utility maximization prob- 
lem yields equations which are the same as time- 
subscripting the variables in (3a) and (3b) and sub- 
stituting the proportional habit persistence formula 
for the y,’s and y,’s. We assume the marginal ex- 
penditure shares to be constant in both models.‘ 


Properties of the Model 


An advantage of specifying a particular utility func- 
tion is that the theoretical properties of homoge- 
neity, symmetry, and adding-up are automatically 
satisfied at each set of data coordinates. A disad- 
vantage is that the properties inherent in the choice 
of a particular utility function may prove to be 
unduly restrictive. The Klein-Rubin utility function 
belongs to the additive class of utility functions— 
the marginal utility of each commodity is assumed 
to be independent of the level of consumption of all 
other commodities. Other implications inherent in 


this choice are that (а) (x; _ у) > 0 for all observa- 
nti 


tions, (b) B; > 0 (no inferior goods), (с) У В: = 1, 
i=] 


(d) all goods must be substitutes, and (e) all price 
elasticities must lie within the range of zero and 
minus one. Thus, care must be taken to select 
commodities thought to possess these properties if 
the analysis is to be meaningful. 


Procedure 


Each model consists of twelve equations, eleven 
of which are consumption equations. Savings 
comprises the twelfth. Consumption categories 
are food-at-home, food-away-from-home, alcohol- 
tobacco, clothing, housing, utilities, transportation, 
medical, durables, nondurables, and ‘‘other’’ ser- 
vices. Major differences between our groupings and 


* Our reason for specifying this model is that Pollak and Wales 

found this to be a particularly suitable hypothesis for the LES. To 
our knowledge, ELESH parameter estimates for the U.S. have 
not been published previously. 
_* Snella (1978) estimates a model for Norway in which the 
marginal expenditure shares are assumed to be functions of total 
expenditure. His assumption eliminates the linearity of the Engel 
curves assumed in (3). He concludes that “the hypothesis of 
constant uncommitted budget shares is not at all an implausible 
one, at least for the period of time analysed” (p. 297). We proceed 
under the assumption of constant marginal expenditure shares 
and, hopefully, minimize any misspecification by analyzing as 
short a time period as possible. 
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those contained in most published studies are the 


- separation of the food component into at-home and 


away-from-home categories, the exclusion of alco- 
hol from the food categories, the delineation of 
medical expenses into a separate category, and the 
transfer of automobiles from the transportation cat- 
egory into the durables category. A detailed com- 
position of our demand categories can be found in 
Mann. 


Data 


Requisite data include quantities consumed, 
prices, and personal income. Our data source for 
the quantities and prices was the U.S. Department 
of Commerce’s annual series on personal consump- 
tion expenditures. Quantities consumed were rep- 
resented by personal consumption expenditures 
measured in constant (1972) dollars. Our price 
data are implicit prices calculated as the ratio of 
personal consumption expenditures measured in 
current dollars to personal consumption expendi- 
tures measured in constant dollars. Income was 
measured as the sum of personal consumption ex- 
penditure on the eleven categories plus personal 
savings. Personal savings data were obtained from 
various issues of the Survey of Current Business.’ 
All quantity and income data were placed on a per 
capita basis. Population data are midyear resident 
population figures obtained from Population Esti- 
mates and Projections. 

We chose the 1955—78 time period for analysis. 
Considerations reflected in this choice include the 
desire to eliminate war years from the analysis and 
the recognition that the assumption of fixed- 
parameter values is probably suitable only for short 
time periods. 


Parameter Estimation 


In order to obtain parameter estimates, we used a 
nonlinear multivariate maximum-likelihood proce- 
dure developed and programmed by Sneila (1979). 
Operationally, we appended an additive error term 
to thé demand equations (3a) and estimated the 
paraimeters directly. The parameter of the savings 
equation (3b) was obtained by the property that the 
sum of the individual marginal propensities to con- 
sume plus the marginal propensity to save must 
equal one. 

For the error specification, we assumed that у, = 
рм, + е, where у, is a vector of error terms and p is 
a common parameter for all equations. The vector 
е, is assumed to have the following properties: Е(е,) 


$ These were aggregated from a detailed computer tape. The 
tape was obtained from Computer Systems and Services Division; 
Bureau of Economic Analysis; U.S. Department of Commerce. 

? It should be pointed out that the sum of personal consumption 
expenditures on our eleven categories do not sum to "Total PCE” 
as reported in Survey of Current Business. We omit several re- 
ported items which do not pass through the marketplace. These 
are also detailed in Mann. 
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= 0, E(e,M'.) = 0, all 7 > t; E(e;e'.) = &,Q, all, all 
т;1(0) = n. Here E is the expectation operator, M 
is & vector of prices and income, 8 is Kroneckez's 
dela, r indicates the rank of a matrix, the prime 
indicates transposition, and the subscripts refer to a 
particular time period. The B, y, and а values were 
not constrained to remain within the range of the a 
priori values. 


Results 


Parameter estimates for each system are presented 
in table 1. Each system solution is characterized ty 
relatively high R? values and, in general, relative y 
small asymptotic standard errors for their estimated 
coefficients. Inspection of the table reveals that the 
estimated 3 values change according to model spec- 
ification. The most pronounced changes are for tke 
housing, medical, durables, "other" services, and 
savings categories. In general, the ELESH model 
allocates a larger proportion of surplus income to 
durables and savings—a smaller proport.on is allc- 
cated to each of the remaining categories. 
Associated with the small ELESH В estimates 
for housing and medical are œ estimates, whica 
exce2d unity. This result gives rise to instabilit, 
prob.ems when the system is analyzec within a 
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dynzmic context. For these categories, the hypoth- 
eses B, = 0, and o; = 1 cannot be rejected at the 
10% level. The negative value for the medical 8 
estimate is associated with habit persistence quan- 
titie: which exceed actual consumption in all but 
two -ample years. In part, these results may reflect 
som: data peculiarities. The housing estimates may 
be a=ected by the inclusion of the imputed value of 
ownzr-occupied housing, which is contained in the 
naticaal accounts. The medical category underwent 
very pronounced changes over the time period—its 
quar-ity increased in excess of 250% and its implicit 
price increased approximately 30096. 

Ft ther insight regarding the differences between 
the tvo forms can be obtained from inspection of 
table 2. Both models fit the data well overall, so it is 
not sorprising to observe the similarity between the 
predeted expenditure columns. However, the 
surpl.s income columns show a marked discrep- 
ancy As a percentage of income, the surplus in- 
creasss from 21.6% in 1955 to 54.3% in 1978 for the 
ELE:-; whereas, the corresponding figures for the 
ELE&H are, respectively, 24.5 and 22.9. Relative 
to income, the ELESH form has the surplus falling 
becat se consumers are increasing their habit per- 
sisterce quantities. This is consistent with the no- 
tion people have of a rising standard of living while 
at the same time not feeling any better off. 





Table 1. Estimated Parameters of the ELES. and ELESH 
ELES ELESH 

Category В y д? В a R? 

Food-at-home .04931 391.745 274 .04277 93904 .8844 
(.01121} (20.162) (.01748) (.02951) 

Food-away-from-home .02823 95.453 589 .02336 .87558 .9571 
(.00409) (7.58)) (.00726) (.04689) 

Alcohol-tobacco .01653 128.773 .€543 .01466 .93232 .9360 
(.00222) (4.595) (.00303) (.01549) 

Clothing .07483 188.695 €211 .06734 .84264 .9859 
(.00481) (13.257) (.00932) (.02638) 

Housiag .14237 270.227 937 .01245 1.01885 .9993 
(.00823) (20.98€) (.00773) (.01419) 

Utilities .03295 68.73i с: 88 .02612 .85035 .9839 
(.00241) (4.32€) (.00434) (.03109) 

Transportation .06779 157.132 ‚9—01 .04054 -90034 .9963 
(.00478) (10.772) (.00455) (.01875) 

Medical .10843 106.99C .9=71 —.00136 1.04413 .9959 
(.00905) (19.57€) (.00598) (.01952) 

Durables .19445 134.220 .9:96 .38932 .27856 .9812 
(.02001) (46.960) (02419) (.09279) 

Nondurables -05690 91.724 .9:91 .03956 .84901 .9843 
(.00557) (12.2891 (.00837) (.04142) 

Services .09300 249.556 9945 .05507 .90367 .9923 
(.00630) (16.301: (.01476) (.03639) 

Savings .13521 .29017 

p (Autocorrelation .81300 .20585 

coefficient) (.035), (.05955) 





? Standard errors are in parentheses. 
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Table 2. Income, Savings, Projected Expenditure and Savings, and Surplus Incomes per Capita 


ELESH 








Actual ELES 

Year Income S Expenditure $ Surplus Expenditure S Surplus 

1955 1,545.293 90.265 1,450.493 94.800 334.212 1,434.327 110.966 378.945 
1956 1,614.803 116.974 1,526.427 88.376 378.830 1,508.356 106.447 381.020 
1957 1,671.318 120.120 1,562.900 108.418 395.332 1,560.802 110.516 375.974 
1958 1,696.834 124.531 1,588.042 108.792 389.752 1,590.018 106.816 360.103 
1959 1,766.630 106.190 1,647.640 118.990 439.502 1,643.477 123.153 409.673 
1960 1,804.105 94.822 1,703.926 100.179 451.027 1,698.451 105.654 373.211 
1961 1,843.714 110.229 1,751.489 92.225 474.900 1,736.804 106.910 378.051 
1962 1,920.467 109.786 1,810.379 110.088 533.951 1,798.087 122.380 421.337 
1963 1,981.664 99.712 1,872.951 108.713 575.284 1,861.870 119.794 421.716 
1964 2,121.538 136.716 2,009.277 112.261 696.792 1,978.508 143.030 509.097 
1965 2,262.409 156.444 2,116.997 145.412 812.967 2.102.866 159.543 557.808 
1966 2,418.778 168.732 2,254.521 164.257 924.974 2,247.226 171.552 395.217 
1967 2,552.920 206.977 2,377.729 . 175.191.  1,023.912 2,375.477 177.443 614.294 
1968 2,732.661 190.929 2,520.549 212.112 1,142.758 2,529.939 202.722 677.382 
1969 2,897.227 174.338 2,699.234 197.993 1,233.904 2,704.391 192.836 668.615 
1970 3,118.296 248.143 2,925.805 192.491 1,374.371 2,912.940 205.356 721.971 
1971 3,346.656 278.034 3,086.528 260.128 1,530.135 3,103.210 243.446 810.337 
1972 3,571.314 237.089 3,283.415 287.899 1,688.064 3,303.361 267.953 891.670 
1973 4,008.406 346.294 3,729.532 278.874 2,004.340 3,709.809 299.597 1,047.367 
1974 4,332.086 338.963 3,980.095 351.991 2,098.669 4,051.863 280.223 930.821 
1975 4,753.480 392.619 4,388.223 365.257 2,347.403 4,419.816 333.664 1.096.608 
1976 5,142.855 319.489 4,725.094 417.761 2,625.536 4,763.934 378.921 1.249.893 
1977 5,615.562 298.984 5,247.648 367.914 2,961.723 5,245.797 369.765 1,306.493 
1978 6,221.668 330.305 5,854.598 367.070 3,375.507 5,826.285 395.383 1,423.346 


Predicted savings in both models provide fairly 
close approximations of actual savings, and exam- 
ination of the data provides some basis for ELESH 
being superior. Of the twelve actual turning points, 
ELES correctly predicts four; whereas, ELESH 
correctly predicts seven. ELESH’s predicted sav- 
ings values are closer to the actual values in thirteen 
of the twenty-four years. Unfortunately, both mod- 
els -greatly overpredict savings in the last three 
years. 

Focusing on the food demand equations, the sys- 
tems imply different patterns for the habit persis- 
tence quantities. The ELES y estimate for food-at- 
home was 9696 of consumption in 1955 and trended 
downward to 7895 in 1978. For the ELESH the 
corresponding figures were 91% and 95%, respec- 
tively, with no discernable trend. A similar pattern 
was observed for the food-away-from-home habit- 
persistence quantities expressed as a percentage of 
consumption. For the ELES, this was 8296 in 1955 
and trended to 60% in 1978. For the ELESH, the 
corresponding figures are approximately 8796 for 
both years. 

System projections for the food demand catego- 
ries, along with their observed values, are pre- 
sented in table 3. The ELES appears to project food 
demand better than does the ELESH. The ELES 
projects the magnitude of demand for food-at-home 
better than the ELESH for fourteen out of the 
twenty-four sample years. ELES also identifies 
four out of nine turning points versus two for 





Table 3. Food at Home and Food Away from 
Home: Actual Observations and System Projec- 
tions 





Food-at-Home Food-Away-from-Home 








Year Actual ELES ELESH Actual ELES ELESH 
1955 406.3 401.6 395.2 116.8 118.2 117.4 
1956 414.4 4113 408.2 118.0 118.0 118,2 
1957 419.3 415.6 414.0 116.6 117.5 118.6 
1958 415.7 417.8 416.4 112.4 115.5 116.0 
1959 427.1 420.0 415.1 114.5 114.6 113.5 
1960 424.1 426.6 425.6 116.8 114.8 114.4 
1961 421.8 425.2 420.7 118.8 117.3 116.8 
1962 416.9 425.9 420.9 122.1 120.4 119.7 
1963 413.0 421.1 414.9 124.6 122.7 122.4 
1964 424.2 423.4 416.0 128.4 128.4 127.3 
1965 440.2 433.0 430.7 130.7 131.8 131.6 
1966 448.7 445.0 446.8 130.0 133.1 133.5 
1967 456.7 4547 454.5 126.6 132.2 132.0 
1968 469.6 461.0 453.9 132.8 130.2 129.3 
1969 473.1 469.6 474.7 133.0 134.0 135.1 
1970 481.3 474.8 477.4 132.9 135.2 134.6 
1971 479.0 484.9 489.4 130.3 136.3 135.6 
1972 479.1 481.1 486.0 134.7 134.9 133.7 
1973 461.3 480.7 486.8 139.6 140.8 140.5 
1974 443.6 455.0 456.9 139.2 137.6 139.9 
1975 449.1 451.2 444.8 144.9 141.6 141.0 
1976 473.7 461.9 458.1 152.1 147.5 148.3 
1977 488.8 482.5 484.6 157.9 154.3 154.4 
1978 484.0 491.6 496.6 159.9 159.1 159.4 
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ELESH. For food-away-from-home, both systems 
identify four out of eight turning points, but the 
ELES projects the quantity demanded better in the 
early years. 

Uncompensated price, total expenditure, and in- 
come elasticities for the two models are presented 
in table 4. There are too many to discuss individ- 
ually. Starting with the ELES values, the own-price 
elasticities for food-at-home, and alcohol and to- 
bacco are the most inelastic. The demand for food- 
away-from-home is more sensitive to its price than 
food-at-home, which is consistent with the latter 
being more a necessity. Durables has the elasticity 
closest to —1. Four luxury goods are indicated by 
the income elasticities (medical, durables, nondur- 
ables, and savings). The demand for food-at-home 
appears to be the least sensitive to other prices as 
the uncompensated cross-price elasticities of the 
first row are the closest to zero of all the rows. 
Food-at-home prices have the largest effects on the 
quantities demanded of the other goods. This is 
indicated by the uncompensated cross-price elas- 
ticities of the first column, which are the smallest of 
the columns. The food-at-home price is observed 
also to have the largest impact on savings. 

The ELESH model has elasticities which indicate 
somewhat different responses. All of the own-price 
elasticities are more inelastic than their ELES 
counterparts, thereby indicating less own-price 
sensitivity. Housing now is the most inelastic, fol- 


lowed by alcohol and tobacco and food-at-home. - 


This is consistent with the smaller increases in 
ELESH surplus income. Most of the current pe- 
riod’s income in ELESH is used as habit persis- 
tence. Uncompensated cross-price elasticities do 
not display uniform change vis-a-vis those of the 
ELES, but within the ELESH a pattern, similar to 
that of ELES emerges. The cross-price elasticities 
of housing are now the lowest, followed by food- 
at-home. The food-at-home column, except for 
housing, is the smallest. There are only two 
luxuries in ELESH. They are durables and savings. 


Summary 


Two forms of the extended linear expenditure sys- 
tem were estimated. Both include savings as a 
budget category so that consumer responses can be 
analyzed across the entire spectrum of decision 
making. Other features of the study are (a) the 
delineated demand categories differ from those 
traditionally used, and, we feel, are more relevant 
to the study of current economic problems, (b) 
ELESH parameter estimates for the United States 
have not been published previously, and (c) the 
models account for first-order autocorrelation. 
The model form was found to have important 
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implications for the analysis of consumer re- 
sponses. Surplus income rose dramatically in 
ELES; whereas, it actually declined 2s a percent- 
age of disposable income in ELESH. The latter is 
more consistent with the phenomenon of consum- 
ers experiencing a rising standard of living but not 
really feeling better off. Both models predict sav- 
ings well, but ELESH has a small advantage over- 
all. ELES projects food demand better then 
ELESH. This suggests that, for the focd categories, 
the fixed-habits assumption is more plausible than 
the adaptive habits hvpothesis. 

Larger income elasticities are obtained for 
ELES. Except for durables, ELESH own-price 
elasticities lie closer to zero than those for ELES. 
This suggests that for ELESH, consumer demand is 
less responsive to own-price changes. It is due, in 
part, to the lower values obtained for the ELESH 
marginal budget shares, but the major part is due to 
the higher levels of habit persistence quantities in 
ELESH. The cross-price elasticities suggest that, 
ceteris paribus, a change in the price of food-at- 
home has larger percentage effects on the quantities 
demanded in the other categories than vice versa. 


[Received July 1980; revision accepted January 
1981.] 
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Evaluating Price Stabilization Schemes 
with Mathematical Programming 


Peter B. R. Hazell and Carlos Pomareda 


Pric2 stabilization schemes for risky agricultural 
markets continue to attract interest. Applied we- 
fare economics has offered some insights into who 
gains from stabilizatior. (Turnovsky). Econom 
models, such as stochastic simulation and dynam 
programming, have been used to evaluate the costs 
of alternative stock sizes and storage rtles (Reu’- 
linger; Burt, Koo, Dudley). 

A limitation of these aralytical approacaes is them 
difficulty in dealing with substitutes on the demand 
side and/or competition for scarce resources wito 
other commodities in production. Stabil zation im 
terventions in any one market may have important 
spillcver effects in other markets that are not cap- 
tured in the usual single-commodity framework. In 
addition, even though the importance of producers 
aversion to price and yield risks has been recog- 
nized as a determinant of supply (Just), the impliec 
changes in average supply following price stabiliza 
tion typically are ignored. Also, nearly all the 
analytical work on price stabilization has focusec 
on a very narrow set of policy objectives, particu- 
larly the changes in producers’ and consumers 
surplus, producers' income, and storage costs. 
However, price stabilization may affect a wider 
range of policy issues when allowance is made for 
risk response and multimarket interactions. 

Price-endogenous mathematical programming 
modes can take account of multiproduct relation- 
ships in supply and demand and can simulate the 
effects of risk-averse behavior at the Їастп level. 
They also can provide a wealth of detailed informa- 
tion a»out production, resource use, consumption, 
prices, and trade, at both the micro (farm or re- 
gional) and sectorwide levels. This paper shows 
how a class of price-endogenous mathema-ical pro- 
gramming models that assume integrability of prod- 
uct demands can be used to evaiuate price stabiliza- 
tion schemes.! The method is illustrated by using an 
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Research Economist at the Inter-American Institute of Agricul- 
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! Integrability of product demand requires that the cross-price 
effects ere equal over all commodity pairs. Relaxation of this 
assumption requires more difficult model solution prccedures— 
such as linear complementarity programming (Takayama and 
Judge) —ánd the producer and consumer surplus measures used in 
this paper no longer would be applicable. 


agric-ltural sector model of Guatemala to evaluate 
a hypothetical bean price stabilization scheme. 


An Azricultural Sector Model of Guatemala 


The Suatemalan model used here is typical of 
the r[cice-endogenous mathematical programming 
modes recently reviewed by McCar] and Spreen. 
In paicular, the model has a linear and integrable 
dema-d system, a linear constraint set, and a risk 
behavor specification of the mean standard de- 
viatio2 type. The model is fully described in 
Poma-2da. The purposes here are simply to estab- 
lish notation and to review those model features 
neceszry for discussing some price stabilization 
ехрег-пепіѕ. | 

Let the domestic demand system be Р 
A — 3P, where Р and Q are n x 1 vectors of 
domes:ic prices and market supplies, respectively, 
and А and B are n х 1 and n х n matrices of de- 
mand coefficients. For notational simplicity we ig- 
nore representative farm subscripts and assume 
internz tional trade in all commodities. In fact, trade 
activit 2s are included in the model only to permit 
food cp imports and nonfood crop exports. These 
restric- ons closely approximate past Guatemalan 
trade р »licies, and can lead to important differences 
betweea domestic and world prices. 

The model objective function that provides the 
compeztive solution to prices and quantities in all 
market. is: 


(1) MAX 9 = E(Q’) [A – i BE(Q)] - C'.X 
+ C,R - CM ~ k(X'OXy, 


where С(0) = E(N)X + M — R, and X is ann x 1 
vector of crop acreages grown; N is an n X n 
diagonal matrix of stochastic per acre yields; M and 
Raren X 1 vectors of tons of imports and exports, 
respectrvely; C, is an n X 1 vector of production 
costs pzr acre; C,, is апп X 1 vector of import costs 
per tore; C, is ann X 1 vector of export prices per 
ton net of export costs; Q is an n X n covariance 
matrix -f crop revenues (prices times yield);? and k 
is a suKable average of individual farmers' risk- 
ауегѕіо-. parameters. This maximand is only appli- 
cable if B is symmetric (the integrability require- 
ment). In the absence of estimates of cross-price 


2 We asume C}, С, and C, are not stochastic; hence the vari- 
ance of ir :оте and total revenue are identical. 
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effects, the B matrix is specified as diagonal in the 
Guatemalan model. 

As Hazell and Scandizzo (1974) have shown, the 
maximand (1) provides the market equilibria that 
would be arrived at if production is lagged and 
farmers act on the basis of price expectations that 
are formed independently of their expectations 
about yields. Such market equilibria are socially 
inefficient (Hazell and Scandizzo 1975). However, 
if producers act on the basis of revenue expecta- 
tions, thereby taking account of any correlations 
between prices and yields, socially efficient market 
equilibria are attained. The maximand, 


(2) Max = E[Q' (A — 1BQ)] - C’,X 
— C'R - CaM — K(X'QX) 
= Ф – 12;2,X.Xjo bij, 


where о; denotes the covariance between the 
yields of the ith and jth crops, provides the socially 
preferred equilibrium solution (Hazell and Scan- 
dizzo 1977). 

The covariance matrix of crop revenues is 
treated as a constant by Hazell and Scandizzo and 
is typically estimated on the basis of time-series 


data on prices and yields. While observed price and - 


yield deviations around their mean (or trend lines) 
may be an acceptable measure of risk in market 
equilibrium, the revenue elements of © are not in- 
variant with respect to their mean prices.? Thus, if 
the expected prices in the equilibrium solution are 
different from the sample mean prices used in the 
calculation of О, then O should be revised. Proce- 
dures for endogenizing the О matrix have not yet 
been developed; therefore, in the Guatemalan 
model, we used an iterative procedure. If, at the rth 
iteration the i, jth element of О had mean prices Py 
and Pj, and these differed from the equilibrium 
prices E (Pu) and E (Pj) obtained in the corre- 
sponding ‘th model solution, then E (Pi) — Р, and 
E (Р) — Pj, were added to the sample price obser- 
vations for the ith and jth crops, œ; was recalcu- 
lated, and a new solution was obtained. This proce- 
dure was repeated until E (P4) — Р, and E (Py) — 
Py converged to approximately zero. In practice, Q 
typically converged in three or four iterations. 


Methodology of Price Stabilization Experiments 


We are interested in a stabilization scheme in which 
the domestic price of beans is fixed at its expected 
market equilibrium value. Such price stabilization 
would be achieved through the establishment of 
buffer stocks. To assure a self-liquidating stock on 
average, the price at which a market is to be 
stabilized is the expected market clearing price in 
equilibrium. This price can be obtained from the 
model. The problem is to modify the model to ob- 


> Let P*, = P, + A with A constant, then 
Cov (P*yi,P,nj) = cov(Pyny, Pn) + ACov(n;, Рт). 
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tain the market equilibrium solution corresponding 
to the stabilized situation. 

The model solutions are conditioned in part by 
the covariance matrix Q, and stabilizing the price of 
the jth crop changes the variance and the 
covariance terms involving that crop. An important 
part of the method of experimenting with price 
stabilization therefore follows: one must recalculate 
all the relevant elements of Q using the stabilized 
price Р, = E(P;) and then resolve the model for a 
new equilibrium. 

However, producers will adjust their cropping 
patterns to arrive at a new optimal plan, given their 
assumed E, o utility functions. This is the risk- 
response effect induced by stabilization, and the 
original expected market-clearing price for the 
stabilized crop no longer will be the same. The 
stabilized price, Р; = E(P;), now will. have to be 
revised to retain a self-liquidating buffer stock, the 
element of Q recalculated, and the solution process 
repeated. This iterative procedure is repeated until 
© converges. 

As will later become clear, a small modification is 
also required in the demand specification for the 
stabilized crop in equation (2). Оу is no longer 
stochastic when the stabilizing agency sells a fixed 
amount Q; to consumers each year: and equation 
(2) must be revised so that E (Q?) = ОЎ for the 
stabilized commodity. This can be done by setting 
oi = 0, all i, in equation (2). 

The poststabilized solution provides the expected 
values of all activities in the new market equilib- 
rium. Any changes from the prestabilized solution 
stem from supply adjustments following changes in 
farm-levels risk, or from the disappearance of the 
covariance between price and yield leading to iden- 
tical revenue and price expectations for the 
stabilized crop. Assuming producers were risk- 
neutral (k = 0) and that they plan on che basis of 
price expectations (objective function [1]), then the 
pre- and poststabilized solutions would in fact be 
identical, with P, remaining constant. Even though 
the model activity levels would not change under 
these conditions, the removal of price and market 
supply variations still leads to changes in the ex- 
pected values of the consumers' surplus, produc- 
ers' surplus, and income. 

The surplus and income changes can be calcu- 
lated in the model. Given our assumed market 
structure, prices in the ¢th year are given by 
P, = A — BQ,. Expected consumers’ surplus in the 
prestabilized situation is 


(3) E(W.) = E[Q', (A — 4BQ,) — Р',О,], 
= 6 E (QBQ). 
Expected producers’ surplus is 
(4) E(W,) = E[Q' (А — BQ)] - CX 
: + CR — C'4M — k (X‘0X}, 


where we have used an ex post measure of the 
surplus, that is, actual revenue less the ex ante 
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costs of production incurred at the time when X is 
planted (Hazell and Scandizzo 1975). 

The producer's surplus is defined net of the risk 
term k(X' О X), which is the income compensation 
producers require for accepting the risks associated 
with X. By deleting this term in equation (4), the 
expected value of producers’ іпсот> in the pre- 
stabilized markets is obtained. 

'To measure aggregate social welfare, we take a 
common approach and measure expected sccial 
welfare as the sum of the expected producers' 
and consumers' surplus. In the prestabilized mar- 
ket, this is the sum of equations (3) and (4) and is 
ecual to model objective function (2). This welfare 
interpretation of (2) provides the rationale for the 
social efficiency of revenue expectations (Hazell 
and Scandizzo 1975, 1977). 

The establishment of a buffer stock agency 
stabilizes the prices of a subset of the vector P,. By 
partioning the relevant matrices, the price and 
quantity vectors are 


© tel x; 


Qu. (Nw 0\,Х, М, R, 
€ бы” a) (xa) (му ~ (n) 

If the buffer stock agency wishes to stabilize 
prices P, at P,, where P, is the vector of prices that 
ensure self-liquidating stocks on average, the 
agency would plan to buy all the production of Q, 
each year and, by controlling imports M, and ex- 
ports R,, to release the quantities of Q, to the 
domestic market each year that are required to 
maintain prices at P,. If Q, and Q, zre demand- 
independent groups (that is, Bj, = By = 0), the 
agency trades constant amounts M, end R, each 
year and sells constant amounts О, = E (N,)X, + 
M, — R, to the domestic market.^ When ©; and Q: 
are not demand independent, P, is subject to ran- 
dom variations arising from Ф, as well as from 
variations in Q,. Since the agency would not carry 
stocks of Qs, the actual quantities of Q, sold would 
have to be varied from year to year to zompensate 
for variations іп Ф. Q, would then denote only the 
expected value of the amounts sold by the agenzy 
to maintain prices at P;. 

Where Q,, M, and R, are not stochastic, the 
expected consumers' and producers' surplus in the 
stabilized situation are 


(7) E(W,) = 1Q',BuQ, + Е [0"В,20,], 


(8 Е(№,) = Q/ (А, - В.0)) 
+ E[Q';(A; — В,„0] 
-С',Х- C',M + C,R- К (x’QX3}, 


p Jem 


* Complications arise when г stabilized commodi-y is traded at 
uncertain prices. The agency must then have the financial facilities 
to stabilize these prices for the domestic market. Fcrtunately this 
problem does not arise with beans in Guaterhala because they are 
not traded. 
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ari expected producers' income is equation (8) 
w ch the risk term k (X'OX)! omitted. 

"Taking the sum of equations (7) and (8), expected 
sczial welfare in the stabilized situation is 


(9! E(W) = Q’ (А, — 3BuQ)) + Е" (А 
dd 3B20)] жәй C'.X ia? C',M + CR 
— k (X'OX). 


Ec sation (9) is a modified version of (2) in which 
Е 9?) is replaced by Ó for all stabilized commod- 
ities. It is also the relevant model maximand for 
obaining the market equilibria corresponding to 
rer2nue-forecasting behavior in the stabilized situa- 
tio-.. Because prices and yields are no longer corre- 
lated for the stabilized commodities, producers act 
as price forecasters when planning X, and as reve- 
nue forecasters when planning X;. 

The gain in expected social welfare from stabiliz- 
ing P, is the value of equation (9) minus equation 
(2) If producers are risk-neutral and plan on the 
basis of price forecasts, the values of X, M, and R 
remain constant; Q, equals E (Q,) of the pre- 
sta-ilized situation; and the welfare gain is 


(101. E(AW) = à [E (Q';Bi,Q)) — О',В,,О,] 
=} XE. X,jmujbu. 


To obtain the values of the surplus and income 
mezsures defined above, it is only necessary to 
incorporate equations (1), (2), and (4) into the 
model and to have access to the value of k (X'OX): 
fror the solution. Since either (1) or (2) would be 
the model maximand, then only two additional ac- 
cou-ting rows are required. These are quadratic 
equations, but they can be linearized concurrently 
witk the objective function (Duloy and Norton).5 

Sz far all the activity levels X, M, and R are 
trea-2d as nonstochasic. Because X (the crop areas 
plameed) depends in part on producers’ forecasts 
abomt prices, it is implied that producers hold con- 
stan- forecasts over time. In reality, forecasts about 
prices do change from year to year even when the 
markets are in equilibria and X, R, and M are 
stoc-astic. ` 

If the assumption of nonstochastic activities is 
relaxed, the surplus and income measures used in 
the model will be incorrect. To derive the correct 
resu.:s, consider the generalized supply structure: 


О, = МХ, + М, ~ Б, 


where г subscripts denote activities that are 


5 Lmearization of (2) and (4) proved especially easy in the 
Guatenalan model because B is diagonal. In this case. 


E [ОА — 1BQ)] = E(Q? [A ~ 3BME(Q)], 


where M is a diagonal matrix with jth diagonal element m, — 
E(nj), E(nj? = 1 + Ry, and Ку is the coefficient of variation of the 
yield -f the jth crop. Since M is a constant, then BM can be 
calculred as part of the input to the model. The matrix BM 
remair : diagonal, and the term E(Q') (A — ВМ E(Q)] can be 
linearized using the Duloy-Norton method. Note that т; must be 
equate- to unity for stabilization experiments on the jth crop. 
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stochastic over time. We also assume that trade is 
undertaken at uncertain prices. 

Expected social welfare in period t in the pre- 
stabilized situation is now: 


E (W) = E[Q' (A – 1BQ)] - C'E(X) 

— E (С'„)Е(М) + E(C')E(R) - &V(r'X) + F, 
where F = 5, [cov(C,;, Ё) — cov (C,, Mj)] and V 
(r'X) denotes the variance of total revenue. Now, 
V(r'X) = ИУ) = 2,2; [Е(Х,Хуу)) 

— E(Xir) E(Xyr))]. 
which after some expansion yields 
V(r'X) = E(X)OE(X) + G, 
where 


С = ХУД Соу (XX, nr) + Cov (X, X)E(nr) 
— cov (Xi, r)E(Xyr)) — E (X)E(r) cov (Ху rj)]. 


Letting D denote Е(Х')ОЕ(Х), then a Taylor ex- 
pansion of V(r'X)! = (D + G) around D provides 


V(r'X)? = Р? + Z,g,(D)G*, 


where g,(D) = 4D73, g,(D) = —1/8D-??2, 
forth. 
Collecting terms, expected social welfare is 


(11) E(W) = (E[Q' (A – 3BQ)] - C'.E(X) 
~ Е(С'„)Е(М) + E(C',)E(R) 
— КЕ(Х)ОЕ(Х) + Е — k[2,g.(D)G*]. 


The terms in the curled parentheses of (11) are 
equivalent to the value of E (W) defined in (2), the 
only difference being that the activity levels are 
now defined as expected values. However, whereas 
(2) correctly measures expected social welfare 
when the activity levels are nonstochastic, it is now 
necessary to evaluate the additional terms F and 
2,2;(D)G*. All the terms in F and С become zero if 
X, R, and M are nonstochastic; therefore, their 
omission from (2) is justified. 

X is stochastic because producers adjust their 
cropping patterns each year according to changes in 
their forecasts about prices. When the price vector 
P, is stabilized at P,, X, becomes nonstochastic. 
The buffer stock agency also takes control of all 


and so 
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importing and exporting activities for Q,, and M, 
and R, are stabilized at M, and R,. As such, all 
covariance terms in F and G associated with ac- 
tivities in the vectors X,, M,, and R, become zero 
with stabilization, and the expected value of social 
welfare in the stabilized situation is equation (9) 
+ Е – к 5,2,(р)С°, where Е and D contain only 
the relevant covariances. 

Estimates of the gain in social welfare from price 
stabilization based on equations (2) and (9) could 
be misleading if changes іп F and Х,2,(0)С° are 
large. There is no basis for calculating these terms 
in a mathematical programming model, but some 
indication of their value can be obtained from 
time-series data. 

A similar analysis of the expected producers' 
surplus leads to a generalized form of (4) in which 
the terms F — k X,g,(D)G* are added. The consum- 
ers’ surplus is not affected. 


The Guatemalan Experiments 


Table 1 contains some basic foodcrop results ob- 
tained from the model, together with actual data for 
1976, the year for which the model was numerically 
specified.© The results are presented for price-and 
revenue-forecasting behavior (using model maxi- 
mands (1) and (2), respectively) and for three dif- 
ferent levels of risk aversion. A k value of zero 
implies risk neutrality; k values of 1.65 and 3.16 
represent ''reasonable" and ‘‘extreme’’ levels of 
risk aversion, respectively. Specifically, k values of 
1.65 and 3.16 correspond to producers' maximizing 
the 0.05 and 0.001 percentiles of their income dis- 
tributions, providing these are normally distributed 
(Baumol).? 

The results in table 1 suggest that the model de- 
Scribes 1976 production levels quite well. They are 


6 The model also includes coffee, sugar, cotton, and domestic 
and export bananas, but the production of these crops was insensi- 
tive to the experiments reported here. 

7 On the basis of a chi-squere test of detrended time-series data, 
it was not possible to reject tke null hypothesis that incomes were 
normally distributed. 











Table 1. Results for Various Levels of Risk Aversion and Alternative Expectations Behavior 
Price Expectations Revenue Expectations 1976 
k=0 k = 1.65 k = 3.16 k=9 k = 1.66 k = 3.15 Actuals 
Production 
(10? metric tons) 
Maize 1,076.5 1,031.6 1,031.6 1,076.5 1,031.6 986.8 1,005.7 
Rice 27.9 : 27.9 29.0 26.7 26.7 26.7 34.1 
Sorghum 52.3 50.2 48.1 50.2 48.2 46.0 49.2 
Beans 98.1 90.2 41.2 93.5 86.3 41.2 92.1 
Wheat 67.1 67.1 67.1 67.1 67.1 67.1 56.9 
Social Welfare? 
(Millions $US) 1,067.0 980.9 898.0 1,071.9 981.6 898.7 





a Uncorrected for stochastic activity levels. 
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consistent with an assumption of ‘‘reasonable’’ risk 
behavior (k = 1.65). The results obtained for price 
and revenue expectations are similar for given val- 
ues of k. As risk aversion increases, bean produc- 
tion is significantly curtailed. Beans are clearly a 
high-risk crop and a suitable candidate for illustra- 
tive price stabilization experiments. 

Price stabilization cannot affect the model's ac- 
tivity levels if producers are risk neutral and plan on 
the basis of price expectations, but it does lead to a 
small gain in uncorrected social welfare of about $5 
million. The more interesting results for k values of 
1.65 and 3.16 are summarized in table 2. Surplus 
measures are reported as obtained from the model 
and after correcting for stochastic variation in activ- 
ity levels, as measured from time-series data. 

Price stabilization for beans leads to an uncor- 
rected gain in social welfare of about $12 million 
when k = 1.65. When corrected for observed varia- 
tions in X over time, the gain is much smaller; it is 
$4 million and $1.2 million, respectively, for price 
and revenue expectations behavior. The uncor- 
rected gain is almost $15 million when k — 3.16, but 
itis essentially zero when the necessary corrections 
are made. If our calculations are correct, producers 
in Guatemala appear to be adjusting their cropping 
patterns each year in a manner that is socially 
efficient. Stabilizing the bean price would do little 
to improve their efficiency. 

There are other effects from stabilizing bean 
prices. When А = 1.65, bean production increases 
by 4.3% and 9% for price and revenue expectations, 
respectively. This additional output is produced 
with resources that otherwise would be idle.* There 
is also a sizeable decline in the standard deviation 
of producers' income. In both cases, the domestic 
price declines substantially, and there is an increase 
in agricultural employment, of 17,000 jobs in the 
case of price expectations, and of 33,000 jobs with 
revenue expectations. The gains are more exagger- 
ated under extreme risk aversion, and bean produc- 
tion more than doubles. However, because beans 
are imported in the prestabilized solution for this 
value of k, the extra production largely substitutes 
for imports. This leads to a decline in the domestic 
price of only 13%. The agricultural trade balance is 
affected favorably, and the large increase in bean 
production leads to a decrease in maize and rice 
production and an increase in the standard devia- 
tion of producers' income. 

The results in table 2 show some ambiguity in the 
gain to producers and consumers. Consumers gain 
from bean price stabilization when k = 1.65, but 
lose when k = 3.16. Average producers’ income 


8 Production is modelled by three different farm sizes represent- 
ing primarily subsistance farms, market-oriented farms which rely 
predominantly on family labor, and large commercial farms which 
use hired labor and produce most of the traditional export crops. 
The middle-sized farms have some idle land and labor resources in 
the model solution (which accords well with available evidence), 
and these resources are utilized more fully in the model when bean 
prices are stabilized. 
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increases when they hold price expéctations (by 
2.396 and 17% for k values of 1.65 and 3.16, respec- 
tively) but declines when they plan on the basis of 
revenue expectations. 


Conclusions 


Price-endogerous mathematical programming mod- 
els are propcsed in this paper as useful tools for 
analyzing price stabilization policies. Their particu- 
lar attractions for this purpose are that they (a) take 
explicit account of interactions between commod- 
ities in supply and demand, (6) can incorporate 
risk-averse behavior and simulate the supply re- 
sponse effects of stabilization policies, (c) can pro- 
duce much information about wider impacts of 
price stabilization, and (d) are relatively easy to 
solve, especially when linearized. 

The main limitation of the approach is that it 
cannot be used to derive storage costs or to analyze 
effects of various stock sizes. Although the analysis 
proposed here assumes that prices are stabilized at 
a single value, the method does provide a useful 
technique for a first round of analysis which might 
be supplemented later with other simulation tech- 
niques. 


[Received March 1980; revision accepted 
March 1981.] 
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Foreign Competition and Trade Policy for the 


Florida Lime Industry 


Emilio Pagoulatos, J. Scott Shonkwiler, and Robert L. Degner 


The Florida fresh lime industry recently has faced 
increasing competition from imports, particularly 
from Mexico. Concern about increased lime im- 
ports began in the mid-1970s and has focused on 
their potentially adverse effect on Florida prices 
and production. In order to evaluate the potential 
threat of foreign competition on Florida's lime in- 
dustry and the trade policy alternatives, quantita- 
tive estimates are needed of the impact of imports 
on the industry. 

The purpose of this paper is to estimate the ef- 
fects of import competition and alternative trade 
policies on the Florida lime industry (Andrew, De- 
Boon, McPherson; Freebairn and Rausser; Nova- 
kovic and Thompson; Salathe, Dobsan, Peterson). 
The methodology involves specifying and estimat- 
ing an econometric model of the Florida lime and 
U.S. trade sectors. A set of reduced-form equations 
is derived from the simultaneous equation model. 
The estimated multipliers are used tc measure the 
impacts of alternative U.S. tariff and quota policies 
on lime imports, Florida lime prcduction, and 
prices. 


Florida's Fresh Lime Industry 


Florida and California are the only two states in the 
United States producing limes commercially (Deg- 
ner and Rooks; Degner, Shonkwiler, Cubenas.) 
Since the early 1970s, Florida has accounted for 
about 90% of the domestic lime acreage and Cali- 
fornia the remaining 10%. 

Imports have increased steadily since 1972-73, 
when they constituted only 4% of U.S. fresh lime 
supply. By 1976—77, however, imports accounted 
for about 1526. In the 1977—78 season, imports rep- 
resented approximately one-third of U.S. fresh lime 
supplies, and in the 1979-80 seascn, over 37%. 
Fresh limes are protected in the United States by a 
specific tariff (TSUS item no. 147.22) of one cent 
per pound. In recent years the ad volorem equiva- 
lent of this tariff has been about 795. 

Although a number of Caribbean countries ex- 
port fresh limes to the United States, Mexico is the 
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dominant source. Mexico has almost 112,000 acres 
of limes, compared with Florida's 4,600. Although a 
high proportion of Mexico's acreage is the seeded 
Mexican lime used for essential oil production, 
production of Persian limes, the preferred fresh 
market variety grown by Florida producers, is in- 
creasing. 


The Economic Model 


The main components of the model are the foreign 
trade sector and the Florida market for limes. This 
allows the simultaneous determination of import 
and export prices, import levels, and the quantity 
and price of Florida limes. 

Following Magee and Goldstein and Khan, we 
specify the foreign trade sector to include the sup- 
ply of lime exports from Mexico (M*), the U.S. 
demand for lime imports (M"), and the relative 
price equation to link zhe U.S. import price (PM) 
with the Mexican export price (PX). 

In the absence of export tariffs, we specify the 
export supply of limes from Mexico as a function of 
the export price (in pesos), real income in Mexico 
(YMEX), and the lagged export price: 


(1) Ме = f(PX,, YMEX,, PX). 


Current and lagged export prices are expected to 
be positively related to exports. As export prices 
rise, production for export becomes more profit- 
able, and allocation to the export market increases. 
However, as income rises in the exporting country, 
domestic demand for the product rises, and ceteris 
paribus, exports decline. 

The import demand for limes is specified as fol- 
lows: 


Q) МЇ = g(PM,, QF,, YUS,, CPI), 


where PM is the import price (in dollars), QF is the 
quantity of limes marketed by Florida producers, 
YUS is the U.S. income level, and CPI is the U.S. 
consumer price index (Leamer and Stern, pp. 
8-17). It is hypothesized that the U.S. demand for 
imported limes is negatively related to import price 
and positively related to consumer income. In addi- 
tion, Florida marketings should exert a negative 
influence on imports. Equation (2) also reflects the 
hypothesis that as the price of all other consumer 
goods (CPI) rises, ceteris paribus, the import de- 
mand increases. 
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Finally, the following identities complete the 
specification of the foreign trade sector: 


PM, = px, + T, and 


(=) Ме = Ми. 


Expression (3) relates the dollar-valued impert 
price (PM) to the peso-valued export price rece ved 
bv Mexican suppliers. This identity explicitly irtro- 
duces the foreign exchange rate (r = pesos/do lar) 
and the U.S. specific tariff rate (T = 3.01/lb.). Ex- 
pression (4) imposes & market-clearinz solutior on 
the trade side of the model. 

With regard to the domestic side cf the model, 
the specification of the Florida lime supply func ion 
is 


к 
G: QF? = Ң У PF, 
i=1 
Ў PPF,- ЕЖ, OF 1, TIME), 
1=1 


where PF is the Florida lime price, PPF represents 
prices paid by growers for the purchase of produc- 
tion inputs, FW is a variable denoting Florida 
weather conditions, and TIME is an ennual trend 
term. Given the perennial nature of limes, no at- 
tempt was made to include alternative crop prices 
in the supply equation. 

The lags on product and input prices account Zor 
the influence of expected prices and costs on supply 
due to the time lapse between planting and output. 
French and Matthews recognize that, for perennial 
crops, ‘‘producers might consider experience over 
several years as a better indicator of expected 
profitability ° (p. 484). Lime prices should exer а 
positive impact on supply, while prices paid »y 
farmers should negatively affect supply. Laggsd 
lime output was included in the specification to 
capture partial production adjustments, and it is 
expected that 0 < dh/dQF,_, < 1. Finaly, the time 
trend represents the effects of omittec variables, 
such as technological change, that have exerted 
systematic effects over time. 

The quantity of Florida limes demanded is posta- 
lated to depend upon their price (PF), the U.3. 
income level (YUS), the overall price level (CPN, 
and current and lagged imports (M): 


(0 | OF = i(PF,, YUS, CPI, M, Moi). 


O"wn-price and consumer income are expected to 
ente- the equation with negative and pos:tive sign:, 
respectively. Prices of all other commodities (CPI) 
should be negatively related to demanc. In add- 
tion, the quantity of limes demanded depends as 
well 2n the availability of imported limes. Increased 
quantities of the imports should erode d2mand fo- 
the domestic product. The Sustained increase in 
lime imports, evidence that foreign competitors arc 


Amer. J. Agr. Econ. 


gaming market share, should negatively influence 
the demand for Florida limes.' 

To complete the specification of the Florida lime 
mzrket, we require that 


(7) QF? = ОЕ, 


assuring a market-clearing equilibrium. 


The Estimated Model 


This economic model consists of four behavioral 
equations and three identities. The parameters of 
the behavioral equations were estimated simulta- 
neously via three-stage least squares (3SLS) using 
annual observations for the period 1957 through 
1974. The estimated equations are reported in table 
І, dong with their corresponding structural R,?’s 
and the variable definitions.? 

All four equations exhibit good structural fits, as 
evidenced by the high R,?'s and the overall sig- 
nificance of the estimated parameters. Parameter 
signs conform to theoretical expectations. All vari- 
ables enter the import suprly equation with their 
expected signs at high levels of significance. In the 
impert demand equation, the variable PM exhibits 
the expected sign but is only marginally significant. 
The income measure, YUS, also has the postulated 
sign but is not significant, perhaps due to its high 
degree of correlation with CPI. Finally, Florida 
lime production was the strongest explanatory vari- 
able in the import demand equation. 

In the Florida supply equation, polynomial dis- 
tribuzed lags were imposed on the price and cost 
series. Prices were assumed to follow a four-period, 
first-order, polynomial distributed lag, whereas 
production costs were allowed to follow a four- 
period, second-order distributed lag.? In both cases 
all perameters are of expected sign and highly sig- 
nificant, except for that on PPF,, The large 
coeficient on ОЕ,_, reflects the substantial inertia 
which dominates the supply side of the Florida 
market. Finally, the Durbin »:-statistic provides ап 
apprcpriate test for residual autocorrelation be- 
cause of the presence of a lagged dependent vari- 
able tSpencer). 

The estimated Florida demand equation also con- 
forms closely to the hypotheses. The price of 
Florida limes and domestic income influence the 


1 Wa-d and De found that lemons are not a significant competing 
crop wih Florida limes. No attempt therefore was made to include 
lemon rupplies in the Florida lime demand equation. 

2 The R, measure presented relates to a single structural equa- 
tion beore the third stage estimation takes place. It has been 
shown :o be equivalent to the R? for a reduced-form equation 
when e:timated by the partially restricted reduced-form estima- 
tion mzhod (Knight). 

? The calculated F-statistic for discriminating between the un- 
constremed lag model and the reported model was Fa, 1) = .120, 
indicatir g that the imposed lag forms do not contradict the sample 
data. A "irst-order polynomial distributed lag was investigated for 
the cost series, but a specification error test suggested by Harper 
rejects the polynomial degree at the .(1 level. 
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Table 1. 3SLS Structural Equation Estimates of Model for Limes 
Estimated Equations R% 
Import supply Mf = —20.13 + 38.73 PX, — 15.04 YMEX, + 71.89 РХ, .903 
(10.31)? (15.67) (4.64) (17.17 
Import demand МА = —86.67 — 4.26 PM, — .126 ОЕ, + .0018 YUS; + 2.65 CPI, .941 
(44.27) (3.34) (.022) (.0081) (1.17) 
Florida supply QF; = 1,044.3 — 58.13 РУ, , + 43.61 PF, ; + 29.07 РЕ, з 
(172.49) (11.43) (8.57) (5.72) 
+ 14.54 PF,., + 2.55 РРЕ,_; — 6.95 PPF,.. — 10.54 PPF; 
(2.86) (2.36) (1.12) (2.32) 
— 8.23 PPF,_, — 80.38 FW, + .862 ОЕ, — 28.12 TIMES 
(1.99) (25.68) (.152) (7.05) .940 
Florida demand QF = 224.12 — 40.90 PF, + .156 YUS, — 2.21 CPI, — 1.09 M, 
(157.69) (10.16) (.029) (3.50) (.712) 
— 2.3M.., 
(.340) .971 





Sources: Data were obtained from standard USDA, IMF, and other governmental publications. 

Note: Endogenous variables: M, is U.S. imports of limes at year t (m. Ibs.); РХ,, Mexican lime export price (pesos/Ib.); PM,, U.S. lime 
import price ($/Ib.); QF,, Florida lime production (m. Ibs.); PF,, Florida wholesale lime price (¢/lb.). Exogenous variables: YMEX is real 
Mexican gross domestic product (deflated by Mexican wholesale price index; Шоп pesos); YUS, U.S. disposable personal income 
(billion dollars); CPJ, U.S. consumer nondurable goods price index (1972 = 100); PPF,, U.S. index of prices paid by farmers 
(1967 = 100); FW, Florida weather dummy variable (FW = 1 for years with unfavorable weather conditions, freezes or hurricanes; and 
FW = 0 in remaining years); TIME, annual trend term, 1957-58 season is year 1. 

®This is the Carter-Nager measure of correlation as discussed by Knight for all equations except the Florida supply equation, where the 
OLS R? is reported. Р 

> Asymptotic standard errors in parentheses. 

© The hypothesis of no first-order autocorrelation of the OLS estimate of this equation could not be rejected at the .1 level using Durbin's 


alternative test as suggested by Spencer. 


demand to a considerable extent. The estimated 
price and income elasticities of demand are —.0.64 
and +2.00, respectively. In this equation, CPI has 
the proper sign but is not statistically significant, 
due perhaps to its high correlation with YUS. Cur- 
rent imports are only marginally significant. Lagged 
imports, however, appear to have a significant ef- 


fect. This supports the hypothesis that sustained: 


increases in imports have an adverse effect on the 
demand for Florida limes. 


Model Validation 


The reduced-form equations were derived and the 
endogenous variables were simulated over the 
sample period in order to evaluate the model’s fore- 
casting performance. Both static and dynamic simu- 
lations were performed using the estimated or base 
model. Unlike the static simulation which uses ac- 
tual values for lagged endogenous variables, the 
dynamic simulation employs, instead, their previ- 
ously solved values. 

In order to assess the model’s ability to track 
history, the squared correlations between actual 
and simulated values of the endogenous variables 
were calculated. The following results were ob- 
‚ tained: 


Simulation Endogenous Variable 
M PM PX ЕО PF 

Static .94 72 .93 .94 .96 

Dynamic .95 ‚76 92 89 .86 


The reduced-form solution of the model under 
the two simulation strategies appears acceptable for 
all variables except the U.S. import price (PM). 
Because this variable has little impact on lime im- 
ports (M) in the structural model, imports are simu- 
lated quite accurately. 


Trade Policy Simulations 


Imports, Florida output, and Florida prices were 
simulated over the 1970—78 period under the cur- 
rent U.S. tariff policy (base value). Next, four al- 
ternative tariff and quota policies were incorpo- 
rated into the model, and simulation results for the 
1970—78 period were compared to the base solutior. 
values. The hypothetical trade policies considerec 
are (a) a no tariff or free-trade policy, involving the 
elimination of the 1g per pound specific tariff or 
limes, (5) doubling of the current tariff to 2g рег 
pound, (c) a further increase in the tariff to 5g pe- 
pound, and (d) the imposition of a fixed impor: 
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quota of 5 million pounds per year.* Table 2 shows 
the values of imports, Florida output, and prices 
over the simulation period. 

The free-trade alternative implies an average in- 
crease in lime imports of 5.2% over the simulation 
period. Under the same policy, Florida production 
declines by an average of 2% per year, with no 
appreciable effect on Florida prices. 

Doubling the existing specific tariff results in a 
moderate (2.2%) increase in Florida’s output and a 
more substantial decline of yearly imports. Florida 
prices exhibit a negligible increase of .08% per year. 
The further increase of the tariff to 5¢ per pound 
results in a similar pattern. In this case, both the 
simulation of Florida’s production and the discour- 
agement of imports is more pronounced than under 
the previous alternative. Again, no appreciable ef- 
fect is found on Florida prices, indicating a non- 
inflationary impact for specific tariff increases on 
fresh limes. 

Finally, imposing a fixed import quota of 5 mil- 
lion pounds per year implies a decline of over 50% 
in total imports during the 1977-78 period. This 
would have increased Florida output an average of 
16.1% per year and Florida prices an average of 
6.5% annually, suggesting a mean tariff equivalent 
of this quota of 9.8¢ per pound. This latter alterna- 
tive is undoubtedly inflationary. Apparently, only 
increases in the U.S. specific tariff could benefit 
Florida growers without at the same time increasing 
the cost borne by U.S. consumers. 


Conclusions 


This estimated model shows that increased import 
competition, particulary from Mexico, had an ad- 
verse effect on Florida’s market. Simulation of the 
model under alternatve U.S. trade policies yields 
some interesting results. The free-trade alternative 
would increase imports and reduce Florida’s output 
without affecting Florida prices. Increases in the 
U.S. specific tariff level would decrease imports 
and stimulate production in Florida but would have 
only a limited upward impact on prices. Limiting 
imports to pre-1973 levels, via the imposition of a 
fixed import quota, would provide a considerable 
stimulus for increasing Florida’s output and at the 
same time raise Florida prices. 

These results clearly are positive rather than 
normative. U.S. trade policy for limes, as well as 
for other products, should not be established solely 
on the basis of benefits to specific producer.groups, 


4 То examine the implications of a hypothetical fixed import 
quota the foreign trade sector was exogenized. The import quota 
of 5 million 1bs./year was chosen to represent the approximate 
level of imports prior to the intensification of import competition 
in 1973. 
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but on wider consideration of both producers and 
consumers. 


[Received August 1980; revision accepted 
March 1981.] 
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Induced Innovations and Farm Mechanization 


Yoav Kislev and Willis Peterson 


There are two traditional explanations to the revo- 
lutionary machine-labor substitution in Americar 
agriculture. One is that technical change in agricul 
ture caused machines to be introduced and labor tc 
become unwanted. The alternative explanation is 
that, rrom the farm sector point of view, labor's exit 
is primarily a market phenomenon guided by rising 
urban opportunities and declining real machinery 
costs. 

If mechanization and labor exit are due to techni- 
cal change in agriculture, then they come mainly 
from zhe public agent of farm technology—the ag- 
ricultural research system; the research system 
should be held responsible for the social conse- 

. quences of farm mechanization, and it should be 
budgeted and directed accordingly. On the other 
hand, if mechanization and exit from farming are 
caused mostly by external price and wage changes, 
the responsibility of the research system is limited 
principally to technology improvement. 

In this note we discuss the newly emerging tradi- 
tion of induced innovation and its relation to the 
alternztive explanations of machine-labor substitu- 
tion ir agriculture. We first clarify the conceptual 
basis of the induced innovation hypothesis and the 
relatec innovation possibility function. Second, we 
call into question the validity of some of the empiri- 
cal applications. We argue that an incomplete con- 
ceptualization of the induced innovation idea has 
led to invalid empirical tests and to inappropriate 
implications on the causes of American farm 
mechaaization. 


The Hicksian Framework 


It is useful to view the process of price-induced 
technical change as if it occurs in two stages. In 
figure | the initial isoproduct curve, 7,, and price 
ratio, Pi, result in an equilibrium, cost-minimizing 
combination of capital and labor at point A. As 
prices change to Ps, the new equilibrium point along 
I, 15 B. According to the induced innovation hypoth- 
esis, this change in relative prices causes an asym- 
metric shift in the production function. This is rep- 
resented in the diagram by the shift in the isoquant 


The authors are, respectively, senior lecturer in economics, He- 
brew University, Rehovot, Israel, and professor, Department of 
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from: to. Now the equilibrium point is at C for 
the p-ce ratio Р,. The capital-labor ratio is in- 
creased in two stages: from A to B in response to 
the price change and from B to C in response to 
induce 1 technical change. 

Tec-nological change is a function of the avail- 
able stock of knowledge and the resources devoted 
to research and development. The concept of the 
innoveion possibility function (the meta- 
produczion function in the terminology of Hayami 
and Rattan) was introduced to formalize these rela- 
tions. Hicks originally assumed innovation pos- 
sibilities to be basically neutral; subsequent litera- 
ture relaxed this assumption (Kennedy). If it is 
compa-atively easier to develop technology that 
will sa’-e relatively more of a single factor, labor for 
examp 2, one could say that the innovation possibil- 
ity furction is biased in a labor-saving or capital- 
using cirection. 

Biasedness need not be associated with price 
changes. In terms of the diagram, if technological 
change: took place and the innovation possibility 
functio- is biased in a labor-saving direction, then 
1; coul shift to 7; and equilibrium; still with the 
price racio P,, will move from A to D, increasing the 
capital- abor ratio. 


Agriculure and Manufacturing 


Much c the new technology that has affected pro- 
ductivit* in agriculture was developed in the man- 
ufacturmg sector and introduced into the farm sec- 
tor, erbodied in new or improved inputs— 
mechanical and chemical. The aggregate, econ- 
omywice framework of the induced innovation hy- 
pothesi: does not account for the intersectoral 
transfer 5f technology because the whole economy 
is taken as one sector. However, when applying the 
induced innovation idea to a single sector such as 
agricultwre, it may be necessary to separate the 
sector where the technology is developed from the 
sector were it is used. Otherwise market phenom- 
ena reflecting farmers’ responses to relative factor 
price chznges may be mistakenly identified as tech- 
nical chznge internal to agriculture. 

Commonly, the output of certain manufacturing 
industries, such as machinery, commercial fer- 
tilizer, aad other farm supplies, are counted as in- 
puts to бае farm sector in productivity studies. Al- 
ternativ&y, however, manufacturing and agricul- 
ture could be combined into a single sector. If com- 
bined, fectors purchased by farmers from the farm 
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supply industries will be regarded as intermediate 
goods, and the extrasectoral inputs will be such 
things as energy, steel, and raw materials, plus total 
capital and labor in the combined sector. In fact, 
the induced innovation hypothesis for agriculture 
originally was formulated (though not estimated) in 
the framework of a combined agriculture- 
manufacturing sector; at least this is how we read 
the theoretical sections of chapters 4 and 5 of 
Hayami and Ruttan. 

In other cases, particularly if the empirical analy- 
sis is limited to agriculture, it is necessary to recog- 
nize explicitly that farming and manufacturing are 
two separate sectors. The induced innovation hy- 
pothesis as applied to agriculture should then be 
interpreted as the assertion that relative price 
changes induce innovations through two separate 
channels—external and internal. Innovations in 
manufacturing represent external technical change 
to agriculture which may or may not show up in the 
conventional estimates as productivity gains in the 
latter sector. If the new technology takes the form 
of product innovations, and if measures of the new 
or improved inputs (machines, let us say) do not 
accurately reflect quality changes, there may be a 
shift in the estimated agricultural production func- 
tion as in figure 1. If it is a process innovation, such 
as the ability to produce nitrogen fertilizer at a 
lower cost, it may show up as a change in relative 
prices represented by a movement along an 
isoquant or production function. Better products 
often carry higher price tags, but farmers will not 
purchase the new or improved inputs unless their 
-quality-adjusted prices are lower than the old input 
prices. Product innovations create, therefore, an 
identification problem. If these inputs are not ad- 
justed for quality, farmers will be seen as increasing 
demand— buying more at higher prices. On the 


other hand, if these inputs are adjusted for quality, 


farmers will be seen as reacting to shifts in the 
supply of machine services—buying more at lower 
prices. In the latter case, there will be no measured 
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technical change in agriculture; all of it will be seen 
to occur in manufacturing. 

It is inconsistent to leave new or improved inputs 
created by product innovations in manufacturing 
unadjusted for quality, calling this technical change 
in agriculture, while treating process innovations 
which result in lower-priced inputs as a market 
phenomenon. As far as agriculture is concerned, 
both types of innovations are the same. Both result 
in lower effective prices of purchased inputs to 
farmers. Purchased inputs should therefore be ad- 
justed for quality.! 

Technical change also may occur in the agricul- 
tural sector, particularly if one defines this sector as 
including the research and development arm of 
farmers, namely, agricultural experiment stations. 
One might refer to the production of new varieties 
of crops, improved breeds of lives:ock, or new 
knowledge utilized directly by farmers as internal 
technical change, Machine-biased internal technical 
change might occur, for example, if new varieties of 
crops are adopted which require more mechanical 
services to insure proper timing of planting or har- 
vest. In this case, farmers actually will increase 
their demand for machines and buy more of them 
even at higher real prices. Here, as elsewhere, one 
would not find productivity growth in agriculture 
if agricultural inputs were perfectly adjusted for 
quality. However, there would still be an increase 
in demand for machinery. 


Empirical Application 


Hayami and Ruttan did not explicitly separate 
internal and external technical change in their ap- 
plication of the concept of the induced innovation 
to agriculture. They were interested in international 
comparisons, particularly in demonstrating how ag- 
riculture of the comparatively capital-rich countries 
moved in the direction of labor-saving technology 
and how other countries, such as Japan, con- 
strained by low land-labor ratios, developed and 
adopted land-augmenting innovations. For this 
analysis, the single-sector framework was a useful 
conceptualization and it was not crucial to distin- 
guish between innovations in agriculture and inno- 
vations created in manufacturing. (Hayami and 
Ruttan did, however, discuss at length the mecha- 
nism of the transmission of the economic signals 
from commercial agriculture to the public agricul- 
tural research system.) 

A detailed application of the induced innovation 
hypothesis to U.S. agriculture has been carried out 
by Binswanger for the 1912-68 period. His ap- 
proach involved a two-stage estimation of the 


1 Quality unadjusted inputs are not only inconsistent in the 
analysis of technical change; they are simply meaningless. Inputs 
always should be measured in standard efficiency units. A simple 
addition of different quality tractors, for example, is as meaning- 
less as adding apples and oranges. 
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biasedness of technical change in agriculture. First, 
elas-icities of substitution in a five-input model of 
the farm sector were estimated. The second stage 
was an attempt to separate substitution of factors 
along isoquants in response to price changes from 
substitution due to biased technical change—shifts 
of the isoquants. 

The real price of machinery in Binswangers 
study is reported in table 1 (our data are discussed 
below). In his multifactor analysis, Einswanger 
етр:оуей the ratio of the price of machinery to the 
aggregate price of all inputs in agriculture. To focus 
оп the machine-labor relation, we calculated from 
his cata the implied ratio of machine price to th> 
wage rate. In general, toth ratios exhibit similar 
trends. The real machine price was comparatively 
high in the decade of the 1930s, mainly because of 
the decline in farm wage rates. In both series the 
real price of machines was higher after World Wa- 
II thzn in the 1920s. The series differ in ore respect 
relative to all inputs, machinery prices are reported 
to increase substantially after the war; while rela- 
tive to labor, machinery prices are comparativelr 
stable for this period. 

Whether the original five-factor perspective i: 
adopted or the narrower two-input, labo- and ma- 
chinery point-of-view is taken, the data presentec 
in part A of table 1 indicate that machine-labor 
substitution after World War II could not be a mar- 
ket phenomenon, i.e., it could not be a process of 
substitution in response to relative factor price 
changes. Indeed, Binswanger (p. 223) reports ‘‘that 
overall technical change was machinery-using, de- 
spite a substantial overall rise in the relative ma- 
chine-y price." These findings imply that internal 
farm sector technical changes which sLifted the 
demand for machinery were the sole reason for the 
vast substitution of machinery for labor after World 
War II. 





Table 1: Indices of Real Price of Machinery 
Ratio to Ratio to 
Year All inputs Labor Year  Allinputs Labor 
A. Binswanger 
1912 100 100 1944 121 112 
191€ 102 103 1948 106 91 
. 192€ 84 78 1952 131 110 
1924 93 83 1955 140 104 
1926 98 83 1960 155 109 
1932 141 119 1964 160 107 
1936 162 167 1968 154 96 
1940 164 161 
В. Custom rates 
1930 100 
1950 56 
1970 35 





Sources: Binswanger, table 7-1; custom rates, Kislev and Peter- 
son, tale 3. 

Note: Binswanger’s data are raties of machine prices 70 prices of 
“all inpats” or “‘labor.’’ Custom rates аге ratios of races in com- 
bine harvesting to agricultural wage rates. 
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Internal technical changes could have occurred 
becazse of learning by doing or the introduction of 
new rop varieties and other inputs. However, from 
what we know about U.S. agriculture, it is hard to 
belie -e that farm mechanization after World War II 
shoud all be attributed to new varieties and similar 
on-th=-farm factors. The development of the 
machame-adapted tomato varieties, for example, 
begar in 1943, when the shortage of labor was 
stronzly felt (Rasmussen). It is hard to think of 
other major clear-cut cases. Some of the new chem- 
icals -2quire new machines to apply but at the same 
time zave on machines by reducing tillage work. 

The main empirical difficulty we see with 
Binsvanger's analysis is his failure to adjust ma- 
chine-y prices for quality changes. The official U.S. 
Depa-ment of Agriculture (USDA) machinery 
price ndex, which he used, has been shown to 
overs ate the increase in machinery prices because 
qualit, changes are not accounted for (Griliches, 
Fettig. The USDA series also overlooks the sub- 
stantial decrease in the effective cost of mechanical 
ѕегуіс=5 caused by the increasing importance of 
income taxes, particularly the accelerated deprecia- 
tion ax investment credit provisions of the tax law. 
In an =ttempt to avoid these misspecifications, we 
соПес за data on custom rates in combine harvest- 
ing. Toese rates reflect the market evaluation of 
qualitr changes and other factors affecting cost of 
machi-es service. 

The лем custom-rate, wage-rate ratio reported in 
table 1 reveals a large decline in the relative cost of 
machicery. With these data, the explanation for 
farm mechanization becomes straightforward. 
Farmezs demanded new and larger machines be- 
cause me cost of farm labor, both the opportunity 
cost o^ family labor and wage of hired labor, in- 
crease: relative to the prices of machinery services. 
Machiwery manufacturers responded to this in- 
crease .n demand by expanding capacity through 
investr-ent in both research and development and 
plant zad equipment. Thus, as we read the evi- 


. dence, the technical change that encouraged farm 


mechazization occurred mostly in the manufactur- 
ing sector. Had the induced innovation hypothesis 
been т эге carefully formulated in terms of the in- 
terrelatzon between agriculture and manufacturing,” 
we belzeve that empirical work would have distin- 
guishec between internal and external technical 
change in turn leading to careful quality adjustment 
of macE ne price data and in the final analysis would 
have p-oduced very different findings and policy 
implica- ons. 


[Received October 1980; revision accepted March 
1981 .] 


? Althocgh Hayami and Ruttan did not distinguish between 
internal zad external technical change, they did adjust for input 
quality cL :nge in their attempt to explain changes in factor propor- 
tions in te United States and Japan by changes in factor price 
ratios (cEzp. 6). 
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The Economic Efficiency of Farmers Growing 


High-Yielding, Irrigated Rice in India 


K. Kalirajan 


The high-yielding varieties program has been 
opera-ing for some fifteen years in India. As a re- 
sult, the ‘‘modern’’ technology is no longer a 
"new ' technology, particularly for irrigated rice 
farme-s. The issue addressed in this paper, there- 
fore, is whether farmers producing high-yielding va- 
rieties (HY V) of rice are doing so in an-economically 
efficient manner, or do substantial opportunities 
remain to increase the efficiency of the farmers' 
application of modern rice technology? To get an 
empirxal answer and to assess better the economic 
performance of farmers, a study area was chosen to 
approach ideal field conditions for implementation 
of the program. Economic performance can be 
measured by comparing the economic efficiencies 
of farmer groups (small and large). The profit func- 
tion developed by Yotopoulos and Lau is used as an 
analytical tool to examine economic efficiency, in- 
cluding technical and price efficiency. 

For :he empirical estimation of profit and variable 
factor demand functions, a random sample of sev- 
enty fzrmers growing a HYV IR20 in rabi (winter) 
season 1977/78 was selected from a prcgressive 
village in the Coimbatore district, Tamil Nadu, a 
favorably placed area in terms of irrigation, admin- 
istration, paddy varieties, and other such factors. 
The total population of the village, Seyyam- 
palayam, consisted of about 55% of farmers having 
operational holdings of 1 hectare or less with an 
average of 0.64 hectare; the other 45% had opera- 
tional holdings of above 1 hectare with an average 
of 2.79 hectares. Accordingly, equal repres2ntation 
was given to both groups (35 farmers each) in our 
random sample, defining a larger farmer as one with 
more tian 1 hectare. 


Input Availability and Use 


The Н`ҮҮУ program was introduced to Coimbatore 
in 1966. Since then there has been a rapid growth of 
both HYV adoptors and area. IR20 was introduced 


The autbar is an economist, Department of Agricultural Econom- 
ics, International Rice Research Institute, the Philipp nes. The 
analysis was done while the autho> was with the Department of 
Economics, Research School of Pacific studies, Australian Na- 
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in 1962/70 and by 1972/73, it was grown almost 
exclus vely in both seasons in the study area, 
Seyyampalayam. From 1975/76, two recently re- 
leased location-specific; high-yielding varieties, 
ADT3: and CO37, gained popularity, replacing 
IR20 ir the kharif season. In rabi season, however, 
IR20 re :ained its popularity. Almost 91% of farmers 
in the study area were growing IR20 during the 
survey period. 

Ther: was almost no input supply shortage re- 
ported during this survey. Nor were there any sig- 
nificant differences between large and small farmers 
in leve : of application of inputs in the study area 
(table .). All the participants were well served by 
canal frigation, and the quantity and timing of 
water ~ere adequate. Table 1 implies that there 
were ne major constraints in the study area on input 
availab ity and use. This supports the findings of 
Barker and Herdt that small farmers have the same 
есопот c motivation as large farmers in adopting 
HYVs. 


Empirical Profit and Factor Demand Functions 


Assumi-g a Cobb-Douglas production function, the 
estimatiag equations of profit functions are 


InI =A + a*,D, + 8*,InW + 8*,InF 
+ B*,lnP + B*,lnB + а*пА + a*,lnC, 


where I is unit output price (UOP) profit in rupees; 
W is ncmalized rate for labor (man days), calcu- 
lated by dividing the total wage paid to labor by the 
total number of laborers used all divided by the unit 
price of »addy; F is normalized fertilizer price, ob- 
tained ty dividing the total expenditure on fertiliz- 
ers by {= total amount of fertilizer in kilograms and 
normali-ng the ratio by UOP; P is normalized pes- 
ticides price, calculated by dividing the total 
amount =pent on pesticides by total amount of pes- 
ticides i- kilograms, and normalizing this ratio by 
ПОР; B is normalized wage for a bullock pair per 
day, obt.ined by dividing the total expenditure on 
bullocks by the total pairs of bullocks and dividing 
this ratic by UOP; A is cultivated area in acres; C is 
capital few, calculated as the sum of depreciation, 
mainteneace, and opportunity costs of capital 
Stock;! E, = 1 for small farm group, 0 otherwise; 


1 Deprecztion is calculated by the straight line method, and 
opportunity costs are derived by multiplying the stock by 1295, 
which was -he lending rate of the local cooperative societies. 
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Table 1. 
Other Farm Characteristics : 
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Average Input Applications to IR20 by Farm Size Group, in Rabi Season, 1977/78, and 


Average Application per Acre 








Inputs/Farm Characteristics Large Farmers Small Farmers T-value 
Hired labor (man-days) 187.52 189.14 0.36 
Expenditure on pesticides application (Rs.) 98.54 100.34 0.47 
Expenditure on other inputs (Rs.) 242.01 217.73 1.10 
Nitrogenous fertilizer (kgs.) 41.89 41.63 0.18 
Phosphorous fertilizer (kgs.) 18.57 20.57 1.24 
Potassic fertilizer (kgs.) 19.03 20.14 0.62 
Sample size 35 35 

Average operational holding (ha.) 2.4 0.72 3:758 
Yield per Acre (tons) 1.48 1.50 0.20 





? Significant at the 1% level. 


and À is constant. The variable factor demand func- 
tions are = 





mus = B*SD, + B*,D;, 
es = B*,SD, + B*,D,, 
OS. = B*SD, + B*LD;, 


where x, is total labor man-days used; x2, total 
chemical fertilizer used (kgs.); xs, total pesticides 
used (kgs.); x,, total bullock pair days; $, small 
farmer group; L, large farmer group; D, — 1 for 
small-farm group and zero otherwise; and D, = 1 — 
D,. 


Tests for Relative Efficiency 


The first hypothesis to be tested is that there is 
equal relative economic efficiency among the small 
and large-farm groups in the study area. This re- 
quires that the UOP profit functions of small- and 
large-farm groups and their variable factor demand 
functions coincide with each other. These enable us 
to test for the two components of economic 
efficiency, (a) technical efficiency, whereby the 
greatest output is obtained from any given set of 
inputs in a technical production function, and (5) 
price efficiency, which involves equality between 
marginal value products and opportunity costs. 

Testing equal relative economic efficiency empir- 
ically between small- and large-farm groups in- 
volves examining whether parameters of the UOP 
profit function of small- and large-farms are the 
same. This is equivalent to testing whether the 
dummy variable coefficient, o*,, is zero. 

The test for equal relative price efficiency be- 





tween small- and large-farm groups is to examine 
whether both groups of farmers equate marginal 
value product to marginal cost of the variable fac- 
tors to the same degree. This is equivalent to testing 
whether or not the elasticities of variable inputs of 
small (8*,55 and large (8*,") farms, estimated from 
factor demand functions, are the same. The null 
hypothesis can be represented by the following 
equality: 


(1) В? = BS, 


where i is variable inputs: labor (1), fertilizer (2), 
pesticides (3), and bullock pair days (4). 

A test for equal relative technical efficiency con- 
sists of testing the joint hypothesis of equal relative 
economic and price efficiencies, which is equivalent 
to testing the following equalities simultaneously: 


(2) a*, = 0 and B*E = В*:“, 


where i = 1, 2, 3, 4. 

The next hypothesis to test is whether the farms 
(small or large) maximize their profits fully, equat- 
ing marginal value products of the variable factors 
to market prices specific to these farmers. This is 
equivalent to testing whether the elasticities of 
variables factors (8*,5 and 8*,“) estimated from the 
factor derrand functions are equal to the respective 
elasticities estimated from profit functions (8*;); the 
appropriate null hypothesis is 
(3) BFS = В*, 

BFE = g*, 
where і = 1, 2,3, 4. The above hypothesis concerns 
the absolute price efficiency of farms. 

All hypotheses were tested by incorporating the 
respective equalities (1) and (3) as restrictions I 
(8*;^ = B*5), and II (8*5 = B*,) and (8*;^ = B*) in 
the estimation process. Aitken’s generalized least- 
squares method (ALS) through a Lagrangian mul- 
tiplier was used so that the estimated coefficients 
exactly satisfy the conditions imposed by the null 
hypotheses (Byron). After testing restrictions I and 
II separately, restriczion III (8*5 = B*, and g*/^ = 
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B*,3), which involves I and II taken together, was 
introduced in the estimation process to obtain profit 
and variable factor demand functions for furtier 
analysis. This way of estimating profit and factor 
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demand functions is different from the Yotopoulos 
and Lau method. The advantage of working with 
this method is that it is possible to identify which 
elasticities estimated from the factor demand func- 


ТгЫе 2.- Jointly Estimated Parameters of Normalized Profit Function and Variable Factor Share 
Functions for Sample Farmers and Statistical Tests 





Estimated Values 


(ALS) 








УалаЫе Parameter Rest-iction J Restriction II Restriction III 
Prcfit function: 
Constant A 6.003**c 5.7432** 5.6531** 
(0. 432} (0.1356) (0.1260) 
Normalized wage Br; —0.:917** 0.5820** —0.5325*?* 
(0. 803) (0.1935) (0.1793) 
Normalized fert. price В, —1.2079** —0.9100***4 —0.8626** 
(0.2560) (0.4605) (0.3209) 
Normalized pesticides price Bs —0.C852** — 0.0603 —0.0847 
(0.6325) (0.0425) (0.0499) 
Normalized animal power price В. —0.1320** —0.1108*** —0.1006** 
(0.C390) (0.0564) (0.0304) 
Land a*, 0.€724*^ 0.9756* 0.9802* 
(0.1460) (0.1520) (0.1407) 
Capital a*, 0.С210** 0.0320** 0.0198** 
(0.C103) (0.0143) (0.0093) 
Ly о*, 0.1752 0.1695 0.1532 
(0.2349) (0.1802) (0.1903) 
Labor share function В*,5 —0.6210** —0.5820** —0.5325** 
(0.2204) (0.1935) (0.1793) 
8*ү" —0.6210** —0.5820** —0.5325** 
(0.2304) (0.1935) (0.1793) 
Lagrange multiplier à, 0.9469 1.0375 0.9235 
(1.0347) (1.5623) (0.9872) 
Fertlizer share function B.S —0.9272** —0.9100*** —0.8626** 
(0.1298) (0.4605) (0.3209) 
В*,> —0.9£72** —0.9100*** —0.8626** 
(0.1298) (0.4605) (0.3209) 
Legrange multiplier М 0.826 1.0730 0.8318 
(1.0228) 1.0820) (1.0032) 
Pestizides share function В*з5 —0.0853** — 0.0603 ~0.0796** 
(0.0410) (0.0425) (0.0309) 
p* —0.0853** —0.0603 —0.0796** 
(0.0410) (0.0425) (0.0309) 
Lazrange multiplier № 1.6631 3.9689** 1.7208 
(1.3150) (1.3204) (1.5003) 
Animal power share function B*s —0.12&9** —0.1108** —0.1006** 
(0.0352) (0.0564) (0.0304) 
Bre —0.1269** —0.1108*** —0.1006** 
(0.0322) (0.0564) (0.0304) 
Lagrange multiplier М 0.2241 0.3009 0.2372 
(0.488) (0.5206) (0.4600) 
X! — test for à; = А = № = № = 0 6.7612 10.8234** 6.0375 








^ Figures in parentheses are standard errors of estimates, and the restrictioas are referred in the text. 


^  *significant at the 1% level. 
* **significant at the 5% level. 
4 ***sisnificant at the 10% level. 
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tions differ from those of the profit functions. It 
helps policy makers to identify which of the factors 
are affecting farmers’ decision making. 


Results 


Table 2 shows that since the coefficient (a*)) was 
not statistically different from zero at zhe 90% level, 
there was equal relative economic efficiency in the 
cultivation of IR20 in rabi season among small- and 
large-farm groups. 

The results of the statistical tests of equal relative 
price and technical efficiencies are given in terms of 
à and x?. The analysis showed that the null hypoth- 
esis of equal relative price efficiency of small and 
large farmer groups could not be rejected at the 1096 
level. The estimates of À did not significantly differ 
from zero and the value of x? was rot significant. 
This indicates that the restrictions were satisfied 
and that there were no differences »etween price 
efficiency parameters of small- aad large-farm 
groups. Similarly, the null hypothesis of equal rela- 
tive technical efficiency between small and large 
farmer groups could not be rejected. 

Because different farmer groups face different 
input and output prices and have different levels of 
fixed resources, the input combination that results 
in perfect (full) maximization will be farmer group- 
specific. Thus, the necessary and sufficient condi- 
tion for full maximization is that each group should 
equate its marginal product of variable inputs to its 
specific market prices (Yotopoulos and Lau). The 
results of tests of full profit maximization of the 
small farmer group and also of the large farmer 
group showed that the null hypothesis could be 
rejected. The x? was significant at the 5% level. This 
implies that both groups did not perfectly maximize 
their profits in utilization of the veriable factors. 
Both groups were not using variable factors at op- 
timum levels. : 

With the present method of estimation, it is pos- 
sible to find out which of the factors were not used 
as optimum levels and why. Assuming that all re- 
strictions were valid, it was found tFat the estimate 
of А with respect to pesticides, estimated from the 
factor demand function and profit function, was 
significant at the 5% level in both cases. The sig- 
nificance of A in relation to pesticides means that 
both farmer groups were not able to equate margi- 
nal value product and marginal cost for this factor. 

This can be explained by the biological charac- 
teristics of IR20. It has been shown statistically that 
the sample farmers were unable to control com- 
pletely the pest Brown planthopper (BPH), though 
they applied the recommended doses of pesticides. 
The main reason is that the maturity period of IR20 
(130-35 days) does not enable the pesticides to 
work effectively on BPH. It coincides with the 
building up of BPH in the sample village. As a 
result, the marginal value product cf pesticides fell 
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below its marginal cost.? Thus, the local pest (BPH) 
was a disturbing factor affecting the sample farm- 
ers’ decision making. Except for this constraint, all 
participants in general were more inclined toward 
the economic motivation of price taking and 
maximizing profit. This result conforms with that of 
Yotopoulos, Lau, and Lin in relation to the agricul- 
tural households in Taiwan. 


Conclusions 


Sample participants can be called economically 
efficient. This strongly disagrees with the pessimis- 
tic view of Hanumantha Rao that HYVs offered 
greater opportunity to bigger farmers. but it sup- 
ports the findings of Rajagopalan that small farms 
have not lagged behind in growing and deriving 
benefits from HYVs. Parthasarathy and Prasad, 
with data from the rice-growing areas of Andhra 
Pradesh in India, also arrived at almost the same 
conclusion, that the relationship between size and 
productivity found in the pre-technology period is 
not apparent. With the exception of BPH control, 
this study shows that economic opportunities pro- 
vided by the HYV program were utilized efficiently 
by sample participants regardless of farm size. Fur- 
ther, they all had the same economic motivation of 
maximizing profits. 

Given the same access to inputs and equal terms, 
small farmers will respond to economic oppor- 
tunities in the same way as large farmers. However, 
in order to achieve this, special institutional ar- 
rangements may be necessary to ensure equal ac- 
cess for small farmers to inputs. 


[Received February 1980: revision accepted 
February 1981.) 


References 


Barker, R., and R. W. Herdt. "Equity Implications of 
Technology Changes." Interpretive Analysis of Se- 
lected Papers from Changes in Rice Farming in Se- 
lected Areas of Asia, ed. International Rice Research 
Institute, pp. 83-108. Los Baños, Philippines: IRRI, 
1978. 

Byron, R. P. “The Restricted Aitken Estimation of Sets of 
Demand Relations." Econometrica 38(1970):816—30. 

Hanumantha Rao, C. H. Technological Change and the 
Distribution of Gains in Indian Agriculture. New 
Delhi: Macmillan & Co., 1975. А 

Lau, L. J., and P. A. Yotopoulos. “Ргоћі, Supply, and 
Factor Demand Functions with Application to Indian 
Agriculture." Amer. J. Agr. Econ. 54(1972):11-18. 

Parthasarathy, G., and D. S. Prasad. ‘‘Response to the 
Impact of the New Rice Technology by Farm Size 


? A direct test of equality between MVP and MC was not at- 
tempted because it requires that all the other inputs be considered 
at the geome-ric mean. However, the equality between MVP and 
MC can be inferred from the statistical significance of А. 





57G August 1981 


and Tenure—Andhra Pradesh, India.” Interpretive 
Analysis of Selected Papers from Chcnges in Rice 
- Farming іп Selected Areas of Asia, ed. International 
Rice Research Institute, pp. 111-27. Los Banos. 
Philippines: IRRI, 1978. . 
Programme Evaluation Organization and Australian Na- 
tional University (PEO-ANU). The Eigh Yielding 
Varieties Programme in India 1970-1975, Part Il. 
New Delhi: Government of India Pres:, 1977. 
Rajagopalan, V. ‘‘North Arcot, Tamil Nadu. ' Changes in 


Amer. J, Agr. Econ. 


Rice Farming in Selected Areas of Asia, ed. Interna- 
tional Rice Research Institute, pp. 71-91. Los Bafios, 
Philippines: IRRI, 1975. 

Yoto»oulos, P. A., and L. J. Lau. “А Test for Relative 
Economic Efficiency—Some Further Results.” 
Amer. Econ. Rev. 63(1973): 21423. 

Yotcsoulos, P. A., L. J. Lau, and W. L. Lin. ‘‘Mi- 
zroeconomic Output Supply and Factor Demand 
Functions in the Agriculture of the Province of 
Taiwan." Amer. J. Agr. Econ. 58(1976):333-40. 


ki 


The Inverse Relationship between Size of Land Holdings 
and Agricultural Productivity 


Vaman Rao and Tosporn Chotigeat 


The important relationship between the size of land 
holdings and agricultural productivity in developing 
countries has been debated intensely. From early 
Soviet debates to the extensive literature generated 
by the release of Farm Management Survey (FMS) 
data in India, the question of returns to scale and 
input productivities (primarily for land) in tradi- 
tional agriculture has been confused aad clouded by 
strong positions and ideological predilections. 

Bhagawati and Chakravarty, Saim (1969), and 
Bharadwaj provide extensive bibliographies on the 
theoretical and empirical aspects of this problem in 
the Indian context. Briefly, Sen (1964, 1966), 
Mazumdar (1963, 1965), C.H.H. Rac (1966, 1970), 
Khusro, Saini (1971), Bhattacharya and Saini, 
more or less endorse an inverse relationship be- 
tween the land size and its productivity. A. P. Rao 
(1963) and Rudra and Bandhopadhyay do not be- 
lieve in the existence of an inverse relationship and 
argue that no systematic relationship can be estab- 
lished between any two variables describing land 
size and productivity. Bharadwaj and others dis- 
miss the statistical validity of an inverse relation- 
ship, but generally accept it as a "'stylized fact." 

The approach used in these statistical studies is 
to employ aggregate, average or ferm level data 
within a village or among different villages for all 
crops or a few specific ones. Various concepts of 
productivity and input variables are used. The ac- 
tual regressions use linear or log-linear functional 
forms. 

Using the pooled FMS data for several states in 
South India, this paper makes an attempt to reex- 
amine, in a more general way, the relationship be- 
tween the size of land holdings and agricultural 
productivity. This study employs the transcenden- 
tal logarithmic (translog) function to formalize the 
relation between output and an arbitrary number of 
inputs. The translog function is not locally con- 
strained by assumptions of homogereity or additiv- 
ity. Estimates of output elasticity with respect to 
land size for various values of cooperating inputs 
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will indicate whether the alleged inverse relation- 
ship holds in any or all circumstances. 


The Model 


The transcendental logarithmic function was cho- 
sen as the basic functional form of the model. The 
properties of the translog function are discussed in 
Christensen, Jorgenson, and Lau, and Berndt and 
Christensen. The function is represented by 
(Model 1), 


M 
(1 Iny = Ina, + Уа In x; 
izi 


N N 
tx Y Bis In x, In x; + E, 
i-1 j=l 
where y is output, the x; are inputs, the Greek 


letters are parameters and By = fj. 
In this model the output elasticity with respect to 


xy is given by 


Q) T; — 





which can be evaluated at given values of x;, the 
cooperating inputs. The signed measure of т, at 
different values of x;, indicates the nature and mag- 
nitude of the relationship between the output and a 
selected input. 

The estimation of parameters when using pooled 
data poses problems of serial correlation and 
heteroskadasticity. Because the FMS data used in 
this study are for different regions, different sizes of 
land holdings, and different time periods, it is rea- 
sonable to assume that cross-sectional units are 
mutually correlated and that there is serial correla- 
tion through time. Therefore, generalized least- 
squares regression was used (Kmenta, p. 512-14). 
After the initial estimation, if a particular variable 
was found to be not significant at а = .05, it was 
dropped and the model was reestimated.! The 
choice of the particular set of regressors was based 
upon intuitive considerations and data availability. 


? With this method, А? values could not be calculated to deter- 
mine the goodness of fit. The R? calculated by using the sums of 
squares of regression and error of all the seven time-series com- 
bined did indicate that the translog model was a better fit com- 


. pared to two simple models. The variables were tested for mul- 


ticollinearity. No serious problems were encountered. 
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For the purpose of comparison with earlier stad- 
ies, the following two single-variable and three- 
variable log-linear models were alsc estimated: 
(Models 2 and 3) 


(3) Iny = Ina + Б, Inx, + e, and 
(4) Iny = In A = XBiln x, + v. 
The Data 


For this study, FMS data for Alleppey and Quilon 
(Kerala) for the years 1962-63/1964—65, for Ten- 
javur (Tamil Nadu) for the years 1967—68/1969—70 
(averages for three vears) and for Cuddapah 
(Ardhra Pradesh) for 1967—68/1969—70 were used. 
Even though the cropping patterns in the three 
areas are not the same in all details, the main cro»s 
(rice and millets), cultivation practices (fertilizers 
and varieties of seeds), and institutioral features 
(landiord-tenant relations and credit availability, 
etc.) are not dissimilar. Pooling of data was neces- 
sary to obtain a sufficient number of otservatiors. 

S:x dependent variables were defined which ci- 
rectly or indirectly represent the procuctivity 5f 
lanc: Y, is the gross value of output per cultivated 
hectare, and Y, is the same measure per cropped 
hectare; Уз and Y, are farm business income рзг 
cultivated and cropped hectare, respectively; 7, 
and Y, are net farm business income, respectivel 7, 
per hectare of cultivated and cropped land. Obvi- 
ously, Y, and Y; are measures of physical produz- 
tivity; У, and Y,, on the other hand, are measures of 
proftability obtained bv deducting all producticn 
costs actually incurred from gross output values. 
The motivate all farmirg operations, including de- 
cisicns such as choice of production techniques. If 
the rent paid to the landlord for leased-ia land also 
is deducted, then the net farm business income 
variables, Y; and Ү,, are obtained. The last pair zs 
important in considering the effect of land owr- 
ersh:p on productivity. All values are expressed in 
current market prices. Regional disparities in prices 
are negligible, and year-to-year changes in outptt 
prices are not likely to distort the resul:s because 
they affect all sizes equally. A word about the dis- 
tinction between the cultivated and cropped areas 5 
necessary, because it has generated controversy іл 
earlier literature. The cultivated area represents th2 
total arable area of land held, includimg currert 
fallow (usually less than 1%). Multiple croppinz 
generally increases the cropping intensity to тог 
than 1.0. The cropped ггеа, therefore, -epresents 
the equivalent of the land used for single cropping. 
One measure represents the actual size o7 the hold- 
ing and the other, the effective size. 

Nine regressors have been defined: X, and X, are 
two measures of land, X, being the average size о” 
the holding and X,, the average size of a fragment 
Both are measured in hectares. X, represents the 
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average area of an enterprise and possibly could be 
comoosed of several noncontiguous fragments. The 
noncontiguity may make it difficult for the farmer to 
adort a production technique appropriate to the 
size of the holding. X,, therefore, is not a true 
indicator reflecting the choice of production tech- 
nique. Hence, X, is a second measure of the land 
size /ariable. Labor is measured as man-days; X, is 
total family labor, and X, is the total hired labor 
used per hectare. X; represents the current costs on 
capital equipment, including costs incurred on im- 
plements, fertilizers, seeds, irrigation, etc. These 
costs have been further classified in two ways: X; 
includes capital costs used in traditional methods of 
farming, and X, are costs on capital inputs generally 
incurred in nontraditional modes of agricultural 
production. This distinction was arbitrary and fol- 
lowed a common perception of what generally is 
belie~ed to be traditional versus modern. A second 
way »f classifying the capital costs was on a func- 
tional basis. Capital inputs that performed the func- 
tions of land were included in Ху, and those that 
displaced labor were included in X,,. Fertilizers and 
high-ielding variety seeds are the examples of the 
former, and improved ploughs and tractors are the 
examoles of the latter. In effect, all the nine regres- 
sors -epresented different aspects of land, labor, 
and capital. 


The Eesults 


The estimated coefficients of model 2 (not reported) 
revealed that there is no systematic pattern of rela- 
tionsHp between the land size and productivity. 
Averege size of holding (X,) was found to be sig- 
nificamtly related only with net farm business in- 
come per cultivated hectare (Y;). Similarly, average 
size cf fragment (X2) displayed a significant rela- 
tionship with net farm business income (Ys, Y,). 
These relations were inverse, even though Khusro 
and Mazumdar (1963, 1965) argue that there is a 
positive relation between land size and farm busi- 
ness income. The only other significant relationship 
was between average size of fragment (X) and 
gross value of output per cultivated hectare (Y,). 
This was also positive, rather than inverse. The 
coefficients of model 3 (not reported) had much the 
same story to tell. 

The coefficients of the translog model, reported 
in tablss 1 and 2, make it clear that the relationship 
is much more complex than is reflected by the sim- 
ple models. It is also clear that there is not a sys- 
tematiz relationship between all the measures of 
productivity defined in this study and land size. 
Howe-er, in cases where the relationship can be 
systerratically explained, the separate effect of land 
alone :s not always significant. But land size does 
significantly explain variation in productivity in as- 
sociation with other inputs. Therefore, the negative 
signs essociated with the coefficients of X, and X;, 
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Table 1. Translog Regressions (Model 1) 

In Ү, In Y, In Yi 
In X, xA * —.398 (4.60) 
In X, * Е —.751 (5.79) 
In Xe 954 (5.63) .765 (4.79) .687 (5.86) 
In X, In X; ‚179 (3.48) .206 (3.61) .149 (5.67) 
In X, In X4 —.179. (3.74) -.118 (2.42) * 
In X, In Xe —.468 (3.69) —.407 (2.92) —.566 (4.90) 
(In XX * —.041 (2.49) Же ч, 
(In X4 276 (4.13) .307 (4.34) .590 (6.55) 
Ün X, .183 (5.22) .122 (2.70) .147 (4.12) 
Intercept 2.306 (38.32) 2.492 (35.16) 7.126 (24.85) 





* Asterisk indicates the variable not significant at 5% level of 
significance, Such variables were eliminated before these 
coefficients were estimated. The figures in parentheses are 
t-values. 


while important, should not be taken to reflect the 
total relationship between the land size and produc- 
tivity. The signs of multiplicative terms are mathe- 
matically consistent with the signs of the individual 
terms. 

The total relationship can best be explained by 
output or business income elasticities computed at 
given values of other inputs, table 3. For this paper, 
the maximum, the average, and the minimum val- 
ues of cooperating inputs from the sample data are 
used. The sign of the elasticity measure depends on 
the signs of the estimated coefficients and the val- 
ues of the cooperating inputs. An analysis of these 
signs will show the role of the cooperating inputs in 
the overall relationship. 

The elasticity of Y, with respect to X, diminishes 
as the values of cooperating inputs are increased, 
ultimately reaching a negative value. This means 
the gross value of output per cultivated hectare 
increases at a diminishing rate with average size of 
holding when more and more units of cooperating 
inputs are üsed. At maximum values of both 
cooperating inputs, larger average size of holdings 
generate lower gross value of output per cultivated 
hectare. The signs of the estimated coefficients sug- 
gest that capital (Х,) has a consistent positive 
effect and labor (Хз) and land (X,) have consistent 


Table 2. Translog Regressions (Model 1) 
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Table 3. Output or Business Income Elas- 
ticities 








With With With 

Minimum Average Maximum 

Values of Values of Values of 

Cooperating Cooperating Cooperating 
Inputs Inputs Inputs 
Y, wrt X, .3808 .0314 —.0719 
Y, wrt X, .2829 — 2345 .2837 
Y, wrt X, —.4097 0399 .4263 
Y, wrt X; .2843 0383 .1490 
Y, wit X; .5023 1.1665 1.1892 
Ya wrt X, —.1858 —.1250 .2467 
Y, wrt X, 3527 —.0130 .1271 





negative effects on the elasticity measure. The net 
effect, howéver, depends on the individual effects 
acting in conjunction with one another. Thus, large 
doses of capital and small doses of labor acting in 
opposition to one ahother will insure a positive 
relation between land size and productivity, as 
measured by gross value of output per cultivated 
hectare. 

The elasticity of Y, with respect to X, first di- 
minishes and then increases as both cooperating 
inputs are increased. This peculiar effect is the net 
result of positive effects of capital and negative 
effects of labor and land. Às the doses of labor and 
capital are increased, the larger negative effect of 
land and labor dominates the smaller positive effect 
of capital. But with larger doses of capital, the 
dominance is gained by capital, finally resulting in a 
positive measure of elasticity. When farms are mul- 
tiple eropped, large amounts of capital and labor 
ensure a positive size-productivity relation. 

The elasticity of Y, with respect to X; is negative 
with minimum and average values of cooperating 
inputs, but it becomes positive at maximum values. 
This relationship confirms the positive relationship 
suggested by earlier studies between land size and 
profitability. The elasticity of several measures of 
productivity with respéct to average size of frag- 
ment alsó can be explained similarly since they 











In Y, In Y In Y; In Y, 

In Xs —.360 (4.01) —.169 (1.84) ~.818 (4.90) —.558 (2.08) 
In X; жа * —2.063 (4,76) —1.428 (2.08) 
In X; 849 (6.79) .607 (4.66) 1.197 (4.95) —.987 (3.14) 
In X; In X; .426 (4.23) .409 (3.75) .525 (3.17) .595 (2.18) 
in X, in X, —.294 (3.97) —.231 (2.94) —91 (2.46) —.414 (2.06) 
In X; In X, —.758 (5.14) —.619 (4.07) —1.117 (4.24) —.942 (2.55) 
(In X; * —.099 (3.20) * * 

(In Аў? .491 (5.88) 486 (5.68) .927 (5.09) .733 (3.15) 
(in XP .289 (6.56) .220 (4.70) .363 (4.23) .281 (3.41) 
Intercept | 2.229 (37.73) 2.298 (30.32) 6.540 (32.66) 6.569 (18.60) 











a Asterisk indicates the variable not significant at 5% level in the fuller model. Such variables were eliminated before the above . 


coefficients were estimated. The figures in parentheses are (-values. 
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folow the general pattern suggested by average 
hclding size. 

In summary, capital has a positive effect and land 
and labor negative effects on the elasticity of gross 
value of output per unit of land. However, large 
doses of capital can compensate for the negative 
effects and a positive total relation between land 
size and productivity can be obtained. This resuk is 
of considerable significance when analyzing :he 
choice of techniques in India's agricultural sector. 
Large-sized farms with capital-intensive techniques 
can obtain higher productivity with increased lend 
holdings, especially with multiple cropping. 

A further analysis wes carried out to 2xamine she 
relative importance of different types of labor and 
capital. The computation of elasticitiss revea;ed 
that for farm business income, the larger the com- 
ponent of hired labor and the smaller the compo- 
nert of family labor, the larger is the elasticity wth 
respect to land size. Similarly, the larger the con- 
porent of nontraditional capital equipment, or the 
smaller the component of traditional capital equ-p- 
ment, the larger is the business income elastic:ty 
with respect to land. Larger sizes of labor-saving 
capital or smaller sizes of land-saving capital will 
alsc increase the measures of both output and busi- 
ness income elasticities with respect to land size.? 

The results suggest that larger-sized land hoki- 
ings are not less productive, in all circumstances, as 
may be generally believed. If hired labor is era- 
ploved in preference to family labor and if moze 
nontraditional capital as opposed to traditional ca»- 
ital is used, larger-sized holdings and higher pro- 
duccivity can go together. 
accepted 


[Received September 1979; revision 


March 1981 .] 
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A General Measure for Output-Variable 


Input Demand Elasticities 


Barry C. Field and P. Geoffrey Allen 


In recent years the development of new production 
function forms has given impetus to empirical work 
of measuring input demand and substitution elas- 
ticities in a variety of industries. The so-called 
‘‘flexible’’ functional forms have given us a much 
richer set of tools to investigate these relationships, 
as compared to the familiar Cobb-Douglas and 
constant-elasticity-of-substitution functions. The 
majority of researchers have reported their results 
in terms of input parameters estimated under the 
assumption of fixed output. While this is appropri- 
ate for some questions, we argue in the next section 
that output-variable measures often will be more 
useful for the problem at hand. In the third section, 
we derive a general expression for the output vari- 
able price elasticity of input demand, of which the 
well-known expression of Allen is a special case. 
Last, we discuss this measure in the context of 
several specific functional forms. 


The Question of Output Variability 


Although a bewildering number and variety of input 
substitution and demand parameters have been put 
forth by researchers, perhaps the most widely used 
measure is the simple price elasticity of input de- 
mand: 


alnP, 


where X, is the quantity demanded of the ith input, 
P, the price of the jth input, and Q refers to total 
output. To be consistent with demand theory, this 
is the elasticity whose sign should determine 
whether an input pair are substitutes or comple- 
ments. It also may be expressed in a slightly differ- 
ent form: Аџ = ej/5;, where S; is the share of the jth 
input in total cost. A; is the Allen-Uzawa partial 
elasticity of ‘‘substitution,’’ so called despite the 
fact that it is simply a normalized price elasticity of 
demand. | 

The elasticity e;, calculated under the assump- 
tion that output is held constant, can indicate the 





Q,P, for all k # j, 


є; = 
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characteristics of particular production surfaces 
that influence policy direction, i.e., tke matter of 
substitutability and complementarity among inputs. 
Combinations of e;; also can be used со construct 
higher-order elasticities of substitution to study the 
curvature properties of production surfaces. 

For matters of public policy, however, the as- 
sumption of constant output is often a disadvan- 
tage. There we are usually concerned with measur- 
ing the consequence of particular actions; for ex- 
ample, the effects of given subsidies on capital, of 
limits on land inputs, or of increases in energy 
prices. To be complete, we must take into account 
both input substitutions along given isoquants and 
the effects of output changes on input demand. 
What are needed in this case are measures of total 
elasticity: 


АХ, 
ӘР, 





P, for all К # j. 


p = 


In this case, quantities of all inputs as well as output 
are allowed to adjust to input price changes. 

The expression that results, equaticn (4) below, 
is similar to the Slutsky equation of consumer de- 
mand theory. Thus, the general measure is some- 
what analogous to the difference between ordinary 
and compensated demand curves in consumer be- 
havior. The e;; above are analogous to elasticities on 
the compensated demand curve; whereas, for pre- 
dicting real-world changes in consumption, we wish 
to know the elasticities of the ordinary demand 
curves. For most goods it will not meke much dif- 
ference which measure is used because consumers 
normally will spread their incomes over a large 
number of goods. On the production side, however, 
this is not the case. Most production functions con- 
tain only three or four measured inputs. For many 
of these inputs, therefore, the difference between 
elasticities with and without an output effect could 
be considerable. 

One output-variable input demand elasticity al- 
ready is available. In the case of constant returns to 
scale (CRTS) in production but a dowaward sloping 
output demand function, changes in output are pro- 
duced when the cost function shifts, the extent of 
the output change being related to the price elastic- 
ity of output demand. This total input demand elas- 
ticity was provided by Allen (p. 50€). Output ef- 
fects also can be produced, even with a constant 
output price, if the production function is non- 
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СЕТ. In this case, shifts in a sloping cost (suprly) 
curve over a horizonial demand curve produce 
‘changes in output. Of course output effects could 
result from both a downsloping output demend 
fur.ction and non-CRTS in production. In the nex: 
section we derive a general expression for the 
output-variable elasticity of substitution. 


A General Expression 


To derive a general expression for ny, i.e., one that 
permits both nonconstant returns and nonconstent 
output price, we make use of the following reda- 
tions: production function Q = ДХ), dual minimum 
cost function C — C(P,Q), and demand function 
О = @(R), where X and P are n-tuples of input 
quéntities and prices, respectively, Q is output, ала 
R is output price. Market clearing requires tkat 
marginal cost equal output price, or 


(1) С (Р,0) = e7*(Q). 


We use subscripts to denote partial differentiation 
with respect to that variable. By differentiating (1) 
totally, setting dP = 0 for all but the jth factor prize 
and rearranging, we get: 


20 _, _ Cv — 
Р, ^ (R- С.О) 


where 7 = 8lnQ/83lnR, the price elasticity of də- 
тага for output. 

According to Shepard's lemma, 8C/àP, = С, = 
X (P,Q), the cost-minimizing demand curve for 
input i. Differentiating this demand curve with r2- 
spect to the jth factor price gives 


ax, д0 
3 S04 C E. 
S) aP, „+ Cu ӘР, 
Using (2) and substituting appropriately gives! 
àlnX, 
ту = Тар; = 5145 + ny) = ej + Sym, 


P,, k = }, 

where $; = P,X,/C, the share of the jth input in tote] 
cost; Ay = CCy/C,C;, the Allen-Uzawa elasticity cf 
"substitution" expressed in terms of the cost func- 
tion, and 
= age ae. 

CCL — RC Qn) 
Suppose we have a downward sloping demand 


curve: 0 < In| < », and CRTS. In this case, margi- 
nal cost is constant, or Ca = 0, giving 


ф 


= Ci C; Q? Ра 
асо 


since CRTS implies С, = QC V i. This gives the 
expression derived by Allen (p. 508): 


! This step makes use of the zero-profit condition, C — RQ, and 
of the symmetry conditions, Cy = Cy and Cy = Cy. 


Amer. J. Agr. Econ. 
(4) ту = S(Ag + 7). 


There are two cases where the expression gives 
constant-output elasticities, either CRTS (C,, — ©) 
or a perfectly vertical demand curve (9 = 0). 

TLe case that has not been considered before is 
that characterized by ņn — — œ and Сы > 0, where 
the output effect is produced by the shifting of a 
sloping supply curve over a horizontal demand 
curv2. In this case, 


, СС 
lim ( ф) тай А, e., 
EA Ы Ci;Cq, 
giving 
СЄ, | 
5) = $ {з= bE 
( Tu Au СС 


Special Cases 


It is 5f interest to consider the case of an output- 
price-constant, quantity-variable elasticity, equa- 
tion C5), in the case of specific production function 
forms. Several recent studies (Sidhu and Baanante; 
Yotopoulos, Lau and Lin) have used a non-CRTS 
Cobb-Douglas function: InQ = ZjojlnX;, with, of 
cours, Aj; = 1, and Xo, = д < 1.? In this case, 
makirg appropriate substitutions into (5), and rec- 
ogniz ng that a; = S,/p, 

= 9t 

Nis 1— и? 
a result that was derived originally by Lau and 
Yotoroulos. Note that, as long as decreasing re- 
turns <o scale pertain (i.e., и < 1), all inputs will be 
judged ‘‘complements’’ (т < 0) despite the fact 
that Ay = 1 V i, j. This is another manifestation of 
the Cobb-Douglas inflexibility. 
In the case of a multiple-input CES function, 


H 
О = (50х17) p^ 
with z cost function of 





i, lo B PB 
c= 0“ (Bia? p a 


we have 


1 
= $ Oo 1 — — |, 
Nij j | | 


2 The non-CRTS functions in these studies involved subsets of 
inputs fom overall functions that are CRTS. Suppose, on the 
other hand, we have an overall functior. that is non-CRTS but has 
a subsetof inputs that are CRTS (when all inputs not in the subset 
are held.constant). Then the elasticities of equation (4) apply only 
to this sibset of inputs and are constructed from shares, S,, Allen 
partial &asticities, Ay, and “output” elasticities that refer to this 
subset cf inputs. Of course, to analyze an overall production 
function in which some inputs are fixed and some variable would 
require : different analysis than that presented above. 





Field and Allen 





where с = Finally, suppose we have a 


B a 
1+8 
translog cost function: 


Inc = поо + хапар; F апо 
+ 1/22, угар; Іар, + 
2YiqlnQInP; + 1/29 nQ}, 
ij=1l,...,n. 


In this case, 


Ny = SiAy [ 





(Yia + 8:54) (Vig + 5,54) | 
(vis SiSg(ya + SP) | 


where 


S; =a; + Ууж Р, + Ун In Q, and 
Sq = o, + Zyyj, ln Рк + Yaa In О. 


If factors i and j are substitutes, then (уу + $$) 
> 0. Furthermore, positive marginal cost, monoton- 
icity, and decreasing returns to scale imply that 5, > 
0, Si, 5,» 0, and Ya > 0, respectively. Homothetic- 
ity requires that y,, = 0 y i. In this case, the output 
variable elasticity will be less than the output con- 
stant elasticity (i.e., ny < S;Aj). It need not be 
always negative, however, as is the case with the 
CD function. If the function is sufficiently 
nonhomothetic, the ‘‘output’’ effect could lead to 
ny > S;Ay. If total output decreases as the supply 
function shifts up (assuming decreasing returns to 
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scale), nonhomotheticity of the right type and mag- 
nitude (say уш, strongly negative while y;,,.close to 
zero) could give larger output-variable elasticities 
than output-constant elasticities. In this case the 
‘warping’ of the isoquants is strong enough to 
offset the impact of the change in output. 


[Received December 1979; revision accepted 
January 1981.] 
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Capital Asset Pricing and Farm Real Estate: 


Comment 


Colin Carter 


In a recent issue of this Journal, Barry employs tre 
capi-al asset-pricing model (CAPM) to explain farm 
real estate returns in the context cf a wel- 
dive-sified market portfolio. He finds zhat a sig- 
nificant portion of returns to farmland ere not e>- 
plaired by his model and they can therefore te 
classified as ''nonmarket"' returns. The two majcr 
claims of his paper are that it provides evidence thet 
farm real estate has low risk relative to o:her assets 
and :hat the CAPM framework provides insights 
into zhe effects of nonfarm investor behavior. Em- 
pirical support is provided by Barry for the forme- 
and little or no discussion is offered by him іж 
relation to the latter. The purpose of this commen- 
is to suggest that farmland returns are nct dictatec 
by returns in a portfolio comprised of bonds. 
stocks, and farmland, and it is unsuitable to investi- 
gate them with the CAPM model whick assume: 
they are. 

In an equilibrium setting, the CAPM develops < 
measure of the risk of an asset and the consequen” 
relationship between the asset’s risk and its one- 
period expected return. The major result of the 
CAPIA is often expressed as 


(1) E(R) - i = BLE(Rn) — i], 


where E(R;) is expected return on asset /; i, returr 
оп a -iskless asset; 8), cov (Rj, Rm)/ var Rm); anc 
E(R,,', expected return of the efficient portfolio. 
Even though the characteristics of common 
Stocks and investors in these stocks come rea- 
sonatly close to satisfying the assumptions of the 
CAPM,! the model has been criticized heavily for 
its limited operational usefulness when used to ex- 
plain -eturns on these financial assets. For example, 
Roll -ecently has questioned the validity of the 
CAPM because, he argues, it has never been empir- 
ically validated. This questions the applization of 
such a model to a nonfinancial asset such as farm- 
land, which is noted for its indivisibility and illiquid- 
ity. Simply stated, farmland comes a long way from 
satisfying the CAPM assumptions. Because farm 
real estate is not a financial asset in the traditional 
sense of the word, it is tenuous to argue that its 


Colin Carter is an assistant professor in the Department of Ag- 
riculturzl] Economics and Farm Management, Univers ty of Man- 
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! The critical assumptions of the CAPM are that any investor 
can borrow or lend as much as he or she desires at the risk-free 
rate, each investor is a risk-averse utility maximizer, amd investors 
agree atout the distribution of the end-of-period asset values. 


equili»rium returns will adjust to a level that reflects 
the risk it contributes to an efficient market port- 
folio əf all financial assets. 

Ths market index in the CAPM is designed to 
reflect the wealth composition of the representative 
investor under consideration. Because Barry is in- 
vestigating nonfarm investor behavior, the market 
index he constructed should not contain a sig- 
nificart amount of farm real estate. Augmenting his 
stock and bond index with a farm real estate price 
index is not a true representation of nonfarm 
меакЕ. Furthermore, some farm real estate is im- 
plicit in the Standard and Poor 500-stock index to 
begin with. It is not surprising that Barry estimates 
a naticnal beta (8) value of .19 for farm real estate 
return: since his estimate was formed by regressing 
real estate returns on a wealth index which was 
explicitly designed by him with .18 real estate re- 
turns. That is, the estimated beta value is simply a 
reflection of the 1896 weight he gave farmland in his 
index of wealth (the independent variable R,,). He 
undoubtedly would have increased the estimated 
beta vzlue if he had increased the proportion of the 
market index represented by farm real estate and 
vice versa if he had decreased the proportion. 

Tabl2 1 reports annual percentage returns in the 
farmlamd market and the stock market for the years 
1956—73. The farmland returns represent changes in 
land values only. Over the twenty-three-year pe- 
riod, farmland returns were always positive and 
averaged 8% per annum, with a coefficient of varia- 
tion of 6%. On the other hand, returns in the stock 
market were much more irregular and much more 
volatile. They averaged 4% per annum, with a 
coefficiznt of variation of 27%. These aggregate data 
indicate that farmland is not a risky investment in 
relatior to financial assets such as common stocks. 
The deta question Barry’s initial assumption that a 
risk premium is required to encourage investors to 
hold farmland. 

Using the ordinary least squares technique, the 
farmlard returns from table 1 were regressed on the 
соттоп stock returns. The estimated beta value 
was —._1 and was found not to be statistically dif- 
ferent fom zero at the .05 level as the t-statistic 
was —1.2. Thus, farm real estate returns are inde- 
pendent of common stock returns (i.e., their beta 
value was approximately zero). The zero beta asset 
does no: contribute to the diversification of the total 
stock pertfolio, and hence its inclusion in a nonfarm 
investor's portfolio cannot be justified. Therefore, 
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Table 1. Annual Percentage Returns on U.S. 
Farm Real Estate and on the Standard and 
Poor’s Index of Common Stocks, 1956—78 


Standard and 





Farm Real Poor’s Common Index 

Year Estate Returns? (500 Stacks) Returns? 
1956 .05 .15 
1957 0S —.05 
1958 .07 .04 
1959 .06 24 
1960 .01 —.03 
1961 .03 .19 
1962 .06 — .06 
1963 .07 12 
1964 .06 .16 
1965 .06 .08 
1966 .09 —.03 
1967 07 ‚08 
1968 .06 .07 
1969 .04 —.01 
1970 .03 —.15 
1971 .06 .18 
1972 И .11 
1973 .20 —.02 
1974 20 —.23 
. 1975 12 .05 
1976 AT 17 
1977 11 —.04 
1978 12 —.02 
Average .08 .04 

Standard 

deviation .05 Л 


* Annual percentage change of index numbers of average value 
per acre, United States. Source: USDA. 

5 Annual percentage change of Standard and Poor's common 
stock index. Source: U.S. Department of Commerce. 


even if farmland could be viewed as a financial 
asset, it would be a riskless asset. 
The positive and statistically significant alpha 
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values estimated by Barry imply that farm real es- 
tate has offered substantial return premiums above 
those dictated by the market. This result indicates 
that investment in farm real estate ‘‘outperformed’”’ 
the market. Does this imply that farmland is se- 
verely underpriced or does it indicate the inappro- 
priateness of the CAPM model, equation (1)? Barry 
does not address this question. The most plausible 
hypothesis seems to be the inappropriateness of the 
CAPM, for reasons given above. 

Unlike industrial real estate, farmland has not 
been a risky investment for nonfarm investors. 
Barry has applied the CAPM to estimate risk pre- 
miums required to hold farm real estate in a well- 
diversified market portfolio. He has assumed im- 
plicitly that farmland is not only as liquid as any 
financial asset, but also that it is a risky asset. 

This comment is concerned with the use of the 
CAPM for the purpose of valuing farm real estate 
and it points out that farm real estate adds nothing 
in the way of diversification to a standard market 
portfolio because farm real estate is virtually a risk- 
less asset. 


[Receised October 1980; revision accepted 
February 1981.] 
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Capital Asset Pricing and Farm Real Estate: Reply 


Peter J. Barry 


The major purposes of Colin Carter’s "Comment"' 
on my article are "'to suggest that farmland returns 
are not dictated by returns in a portfolio comprised 
of bonds, stocks, and.farmland, and it is unsuitable 
to investigate them with the CAPM mcdel which 
assumes they are.” His discussion includes the fol- 
lowing items: (а) effects of nonfarm investor behav- 
ior, (b) CAPM applicability to farmland. (c) com- 
position of the market portfolio, and (4) a numerical 
illustration of the correlation between changes in 
values of farmland and common stock. My ‘‘Re- 
ply" responds to these four items and raises some 
concerns about several points in his рарег. 

Carter characterizes my study as ‘*. . . investigat- 
ing nonfarm investor behavior ... ° and claiming 
that the ". .. CAPM framework provides insights 
into the effects of nonfarm: investor behav.or.'' This 
interpretation is too strong. My study was not de- 
signed to evaluate the behavior of nonfarm inves- 
tors. While concern with nonfarm investment in 
agriculture helped to motivate the study, tae analyt- 
ical approach simply used the CAPM tc estimate 
risk premiums required to hold farm real estate in a 
well-diversified market portfolio. The emoirical re- 
sults indicated that investment in farmand is a 
favorable source of diversification for well- 
diversified investors, which may strengthen the 
nonfarm sources of demand for investment in farm- 
land. I also suggested, in a general appreisal, that 
the CAPM’s equilibrium framework for risk pricing 
may have rich implications for future analyses of 
investor behavior, market characteristics, and pol- 
icy issues in agriculture. 

The second item is Carter’s concerns ebout the 
CAPM’s limited applicability to a nonfinanzial asset 
like farmland and about mv alleged failure to evalu- 
ate this applicability. Indeed, in the relatively short 
space of my article, I deve:oped as fully as possible 
the prevailing mixture of views on the CAPM’s 
usefulness, and identified from CAPM theory sev- 
eral sources of bias in its application to farm real 
estate. In particular, I inferred from Levy’s theoret- 
ical analysis that CAPM results for farm real estate 
may understate the true beta values and overstate 
the true alpha values. These biases arise “rom the 
CAPM's restrictive assumptions about cheracteris- 
tics of investors and markets for farm reel estate. 
They include the combined effects of limited diver- 
sification, high transactions costs, tax obligations, 
indivisibilities, thin markets, and other liquidity 
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characteristics of farm real estate. Hence, I did 
address these issues, and still concluded in a posi- 
tive light that farm real estate has low risk relative 
to other investments, and that the CAPM frame- 
work may prove useful for other analyses in agricul- 
ture. 

The third item is Carter's contention that the 
marke: portfolio should not include the asset (farm 
real estate) whose risk-return characteristics are 
being 2valuated. As pointed out in my article and 
verifiel in the finance literature, a basic CAPM 
princirle is that the market portfolio should contain 
values of all assets that contribute to wealth. In- 
cluded would be corporate securities, other finan- 
cial assets, personal assets such as real estate, as- 
sets held by unincorporated businesses, human cap- 
ital, ard so on. Because the true market portfolio 
and its rate of earnings are impossible to measure, 
CAPM applications use various indexes as market 
proxie:. Most indexes are narrowly defined; an ex- 
ample is a stock market index like the Standard and 
Poor's 500. 

However, analyses with more broadly defined 
market indexes are becoming common. Sharpe, for 
example, used a composite stock and bond index in 
a CAPM application to bond investments. So did 
Friend, Westerfield, and Granito. Hohlthausen and 
Hughes indicated the need to use a combined stock 
and commodities index, although the. absence of 
approp-iate weights for stock and commodities pre- 
cluded its use. CAPM results for a more com- 
prehensive market index are reported by Ibbotson 
and Fail. They formulated a ‘‘market wealth port- , 
folio" based on annual values of common stock 
traded on the major stock exchanges and over-the- 
counter, corporate bonds, commercial paper, 
short-and long-term municipal bonds, four types of 
U.S. government securities, farm real estate, and 
residential housing. Their results at the national 
level over the 1947-78 period gave a beta value of 
.10 and an alpha value of 4.33 for total real estate, 
which conform closely to mine. 

Thus. CAPM theory and empirical studies give 
strong support for using a broadly defined index for 
the market portfolio. From a technical standpoint, 
however, Carter is correct that including the asset 
being evaluated in the market portfolio should in- 
crease the beta value. In my study, regressions of 
excess returns to farm real estate on the stock index 
alone ard on the stock and bond index yielded beta 
values af .08 and .12, respectively, which are below 
the betz of .19 for the combined index of stock, 
bonds, and farm real estate. However, it is not clear 
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why Carter expresses an element of "surprise" 
about the beta of .19 from the combined index. The 
estimated level of beta signifies the magnitude of 
relationship between changes in excess rates of re- 
turn on farm real estate and changes in excess re- 
turns on a market index that contained on average 
about 18% farm real estate over the study period. 
While a relatively low beta value was anticipated, 
there was no cause for nonsurprise along the lines 
suggested by Carter. What ‘‘surprise’’ would occur 
if the beta were 1.5, 2.0, or some other value? 

The final item concerns Carter’s numerical ex- 
ample, which appears to illustrate the degree of 
correlation between changes in values for aggre- 
gates of two assets: common stock and farmland. 
The degree of correlation is found not to differ from 
zero. There is no basis for attributing this relation- 
ship to a CAPM application. Rather, the zero corre- 
lation simply implies that these farmland returns are 
independent of common stock returns. As in any 
portfolio analysis, zero correlation between two as- 
sets means that an investor may gain stability by 
diversifying his holdings to include the two assets, 
although in this case farm real estate is more risk 
efficient than common stock. Carter's suggestion 
that farmland be regarded as a riskless asset in 
relation to common stock is interesting. The oppo- 
site suggestion could occur too: that common stock 
be regarded as a riskless asset in relation to farm- 
land. 

Carter's figures for coefficients of variation (CV) 
also appear incorrect. Based on the statistics in 
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table 1 of his comment, the CV values are .625 for 
farm real estate and 2.75 for common stock. Fi- 
nally, the reference to differences in risk between 
investments in industrial real estate and farmland is 
unverified. 

In conclusion, I appreciate Carter's comments 
and hope that my replies shed further light on risk 
pricing of farm assets relative to other assets. 
Moreover, to reiterate earlier comments, I believe 
that the CAPM offers a broad and rich framework 
for considering the effects of investor behavior, 
market characteristics, and public policies on risk 
pricing. 


(Received March 1981.] 
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Books Reviewed 


Burns, Joseph M. A Treatise on Markets: Spot, Fu- 
tures and Options. Washington, D.C.: Amer- 
ican Enterprise Institute for Public Policy Re- 
search, 1979, 145 pp., $5.25 paper. 


This work is heralded as extending the ideas cf 
Marshall on spot markets and those of Keynes and 
Hicks on futures markets, and adding a theory of 
option markets. The central theme is that futures 
markets typically develop in response to economic 
forces in spot markets. In turn, futures markets 
facilitate the work of spot markets. Option markets 
typically develop in response to forces in spot 
and/or futures markets and, in turn, help spot and 
futures markets work better. 

In a chapter on ‘‘Spot Markets" Burns argues 
that market efficiency means improved ‘‘market 
liquicity," more ‘‘orderliness of market condi- 
tions'' and better ‘‘quality of market organization." 
Liquidity (the most important of the three) is a 
function of (a) the certainty of the expected value 
of the asset and (b) its expected marketability. (It 
would have been helpful here if the author had 
considered Hicks’ 1962 article оп ‘‘Liquidity,’’.con- 
taining this formulation). Disorderly markets are 
those whose prices are monopolized or are made 
artificial by false rumor or by overreaction of trad- 
ers. Improved quality of market organization re- 
sults from more specialization and economies of 
scale in the conduct of exchange. While liquidity 
begets. orderliness of markets and improves market 
organization, the influences also run from each of 
the latter to improved liquidity. 

Cortinuing Burns' discourse, the greater the 
number of kinds of related markets, the larger are 
likely to be the induced effects of more efficient 
markets. Thus, market development in an advanced 
economy may have immense economic benefits. In 
particular, futures markets make for more efficient 
spot and forward markets, encouraging their decen- 
tralizazion and, therefore, more accurately reflect 
local supply and demand conditions. Local prices, 
which may seem erratic, actually become more 
flexible and competitive. The new futures trading in 
financial instruments and foreign currency likely 
will yield the most pronounced benefits because 
their underlying spot markets touch all economic 
activitv. 

Futures markets, analyzed in the next chapter, 
contribute uniquely to market efficiency. Observa- 
ble prices convey information about unobservable 
prices. The better futures estimate later spot prices, 
the bet-er the information. Burns then elaborates on 
the familiar Keynes-Hicks' idea of ‘‘normal 
backwzrdation'* as a reflection of the cost of price 
insurance to hedgers—material borrowed from his 
earlier work. He gives reasons this formulation still 
holds despite the rising importance of long hedging. 


Curiously, Burns does not examine the evidence 
for a downward bias in futures prices, which evi- 
dence should exist if the Keynes-Hicks formulation 
were vital. More important, he does not recognize 
that for most commodities, futures trading estab- 
lishes spot-forward price spreads that embody mar- 
ket-determined prices for services required to han- 
dle, store, process, and/or transport commodi- 
ties—a better documented phenomenon than most 
that are advanced in the chapter on futures trading. 
The implicit prices influence the organization of 
production and the structure of business enterprise, 
a proposition that is basic to understanding what 
futures trading in commodities is all about. This 
curious gap might be explained by Burns' profes- 
sional grounding in financial (rather than commod- 
ity) markets wherein spot-forward spreads can 
have no such meaning. 

A chapter on option markets explains their na- 
ture, crigins, behavior, and benefits. Many ideas 
abounc. Again, a notable gap is the idea that option ' 
contracts are particularly suitable to commodity 
producers who face great output risk. 

A chapter on market regulation argues that con- 
trols siould "assure that orderliness of market 
conditions and quality of a market’s organization 
. .. аге at a level warranted by the given market's 
Паша” (p. 89), e.g., thin markets should receive 
no special regulatory attention. The influences of 
false rumor and destabilizing trading are not serious 
problems because most futures markets are quite 
liquid. Duplicative trading facilities could become a 
serious problem because they tend to reduce liquid- 
ity. Burns’ greatest concern is that foreign govern- 
ments might manipulate U.S. futures markets, and 
he considers remedies. An appendix discusses ex- 
change rates, tax straddles, and equity futures. 

Burns surely is right in saying that few studies 
have examined futures and option markets in a 
market development context. His idea-packed 
work, written while he was the chief research econ- 
omist for the Commodity Futures Trading Commis- 
sion, is mdeed welcome. It will stimulate thinking in 
important and controversial areas. But, it suffers 
from one general weakness. Too few distinctions 
are drawn between statements that are pure conjec- 
ture, hypotheses suggested by limited evidence, 
end conclusions based solidly on objective observa- 
tion. Hence, some readers will be misled on what 
we really know and others will dismiss too much as 
Cogma of a free marketeer. Yet, well-informed stu- 
dents of markets should be able to pick their way 
through these traps and garner enough food for 
thought :о make a reading of the monograph worth 
taeir time. 

Allen B. Paul 
ESS USDA 
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Crotty, Raymond, Cattle, Economics and Develop- 
ment. Farnham Royal, Slough: Commonwealth 
Agricultural Bureaux, 1980, xv + 253 pp., £18 
from CAB. 

This study focuses on the role of cattle and water 
buffalo in a variety of settings where these animals 
play a significant role in the rural economy and 
provide outputs with economic, social, and cultural 
significance. The basic theme is that the interaction 
of capitalistic institutions with communal grazing 
land results in overexploitation of land, resulting in 
the gap in animal productivity that exists between 
wealthy countries (DCs) and less developed coun- 
tries (LDCs). This problem is accentuated by tech- 
nology transfer from DCs, particularly medical 
practices which have increased the population of 
cattle and humans and has disturbed the delicate 
balance between man, herds, and grazing re- 
sources. 

As a prelude to the model of decision making by 
cattle keepers, the author provides an introduction 
(chap. 1), a statistical review of livestock numbers 
and productivity (chap. 2), historical aspects of re- 
source use and agricultural transformation in a va- 
riety of agrarian societies (chap. 3), and demand 
relationships for livestock products (chap. 4). The 
model, developed in chapter 5, consists of three 
activities, six resources, and four outputs. A 
Cobb-Douglas function is used to establish the pro- 
ductivity conditions which are solved for net reve- 
nue maximization using five nonlinear simultaneous 
equations. The next chapters apply the model to: 


Region Grazing Situation Major Products 
W. Europe, 
N. America, ; 
pre-WW II Individual grazing Milk 
W. Europe, 
N. America, 
post-WW II Individual grazing Milk and calves 
Latin America Individual grazing Calves 
Africa Communal grazing Milk and calves 
Southeast Asia Communal grazing Calves 
India Communal grazing Milk 


In this schema, individual grazing refers to individ- 
ual land use rights and ‘‘calves’’ implies growing 
out calves for beef. The overriding problems of 
each of the last four systems are identified and 
analyzed using the model. The author convincingly 
argues the reasons conventional development and 
lending programs have had limited success and, in 
some situations, have exacerbated the fundamen- 
tal imbalances. Specific examples serve to docu- 
ment the arguments and a case study in the appen- 
dix provides additional material. Recommendations 
center around (a) how to reduce grazing intensity to 
socially optimal levels through livestock head 
taxes, (b) how to allocate tax receipts to local 
communities to increase animal productivity, and 
(c) how to allocate cattle investments to achieve 
productivity and equity goals. 
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The general problem with the book is that Crotty, 
under the guise of providing historical and institu- 
tional background material, brings in too much ex- 
traneous material. Themes that keep reoccurring 
include agrarian aspects of Irish colonial history, 
the selective impact of capitalistic institutions on 
colonial societies, the center-periphery debate on 
Latin American underdevelopment, the extent of 
lactose intolerance in LDCs, human population 
theory, and the high price of straw in India. Also, in 
studies where vast heterogenous regions are 
lumped together, some errors of omission are in- 
evitable. The sections on Southeast Asia and India 
are the worst in this regard. Some errors of logic, 
unsupported by empirical facts, also occur. Exam- 
ples include statements that the more valuable land 
becomes relative to other resources, the less 
pressure owners have to use it efficiently (p. 92) 
and higher food prices in Latin America lead to 
increased political instability and less investment 
in, and production from, agriculture (p. 101). 

The concluding chapter goes far beyond simply 
summarizing the wealth of analysis and region- 
specific policy prescriptions. Instead, Crotty 
blames most of the productivity and stagnation 
problems on trade and finance policy of DCs. This 
leads to recommendations that the United States 
import Latin American calves for fattening. One 
need only check the charges at the Fleming Key 
quarantine station to gauge that recommendation. 
The same problem holds for export of surplus 
calves from India to Japan and the Middle East 
which would, incidentally, reduce the international 
prices of feedgrains since these countries would 
then import more grain to fatten these calves. Using 
LDC cattle exports to bargain with OPEC on oil 
prices is also recommended, as is forcing the EEC 
to dismantle its Common Agricultural Policy to help 
potential calf exporters from Africa and India. 

Despite these criticisms, most of the book repre- 
sents a skillful blend of Crotty’s extensive interna- 
tional experience, considerable analytical skills, 
and deep understanding of the essential problems of 
cattle production in LDCs. The result is an innova- 
tive set of models which allow the author to con- 
dense the complex systems and to come up with 
generally practical conclusions that illustrate 
clearly why LDC cattle production has not pro- 
gressed and why so many cattle investment 
schemes have fared poorly. 

The book represents a valuable addition to our 
knowledge of cattle economics, is a must for any 
researcher concerned with animal production in 
LDCs, and should be standard reference for inter- 
national agencies contemplating entry into the 
complex world of man and his cattle. 


John De Boer 
Winrock International Livestock Research and 
Training Center 
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Fennell, Rosemary. The Common Agricultural Policy 
of the European Community. Montclair, N.J.: 
Allenheld, Osmun & Co., 1979, xi + 243 pp., 
price unknown. 

It is surprising but true that no recent book or 

putlication exists in English that explains in simple 

terris the apparent complexities of the Common 

Agricultural Policy (CAP). Rosemary Fennell has 

filled this gap with a useful book for the maay 

whose professional work brings them into occa- 
sioral contact with the CAP. The book is concise, 
easv to read, and well-organized; it contains about 
as much factual information in 230 pages as one can 
reasonably expect. Separate chapters deal wi:h 
European Community (EC) institutions, the legisla- 
tive process, the financial arrangements, and that 
arcane topic, "green money." Market support 
mechanisms are described in three chapters— 
covering field crops, livestock, and horticultural 
products; and two particularly valuable chapters 
out] ne structural and sccial policy measures re- 
lated to agriculture. A brief chapter on ‘‘enlarge- 
ment" of the Community—the accession of 

Greece, Spain and Portugal—rounds out the book, 

though because the manuscript was completed be- 

fore the end of the Greek negotiations for membe-- 
ship, this last chapter appears somewhat dated. 

The author succeeds admirably in her limited ot- 
jective of ‘‘explaining the rudiments of the policy ' 
to act as ‘‘a base on which greater and more de- 
tailed knowledge can be built.”’ The book does nct 
set out to analyze either the policy in general cr 
particular market instruments, and even avoids any 
reference to places where such analyses can be 
found. It is content to detail the ‘‘institutional and 
administrative organization” of the policy, leaving 
interpretation to the reader. 

There are places, however, when even in a bas.- 
cally descriptive work some analysis can be useful, 
if only to distinguish the important from the trivia. 
For 2xample, the listing of policy instruments for 
the various commcdities in chapters 8 to 10 gives 
little information or. which mechanisms actually аг 
effective in determining »rices in product markets. 
Although the author includes some useful diagrams 
showing the relationships among the various in- 
stitutional prices se: under the principal commodit 
policies, some simple charts showing how market 
prices have varied in relation to these administered 
price levels would have given the reader a bette- 
feel for the important aspects of the policy. 

On the relatively few occasions when analytical 
statements creep into the text, they sit uncomforta- 
bly emid the descriptive passages. We learn, fo- 
instance, that ''insulating Community farmers from 
world market influences'' and providing them with 
“minimum levels of support achieved through the 
underpinning of prices’’ should lead to ''an inten- 
sification of the comparative advantage of differen: 
геріолѕ” (p. 104). This smacks of the confusion tha. 
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has kedeviled the CAP from its inception. While the 
remcval of national protection would have had the 
effec: of ‘‘rationalizing’’ production and also would 
have led to common prices, the setting of common 
prices at levels which support high-cost production 
and the buying-up of surpluses effectively prevents 
such adjustment. Though one could argue that this 
system is still “better” than if each country pro- 
tected its own farmers, even that limited contention 
is of doubtful validity in a system where the na- 
tiona. incentives to seek higher common support 
prices are so strong. 

If such analytical statements creep in reluctantly 
and with limited impact, one has the impression 
that statements of opinion, equally rare, are strug- 
gling for inclusion but being carefully repressed by 
the author. They surface particularly in the chapter 
on institutions. ''Little attention,” we learn on page 
29, is paid to the Economic and Social Committee 
by the Council of Ministers on matters relating to 
the CAP. "This is regrettable,” sighs the author, 
‘tas its views are often well thought out.” Opinions 
are free, and though this reviewer finds it difficult to 
reconcile this particular view with a recollection of 
the ESC as the author of some of the most wooly 
and equivocal documents in Brussels, such 
"asides" do not intrude. Indeed, a little more 
commentary might have helped to leaven an oth- 
erwise humorless topic. 

One caution should be given to the reader. It is a 
conceit of the Brussels administration that the CAP 
is a straightforward, if elaborate, set of regulations 
spanning the Community and replacing national 
policy instruments. Fennell tends to perpetuate this 
myth. In fact, as CAP-watchers know, the ‘‘com- 
топ” policy is riddled with national derogations, is 
unevenly applied among countries, and lives un- 
comfcrtably with national agricultural policies 
which in total absorb more government funds than 
the CAP itself. For the author to have attempted to 
describe this interaction with national policies—or 
indeec the way CAP regulations are implemented in 
individual countries—would have increased mas- 
sively the size of the book. But again, some refer- 
ence to these complexities would have helped the 
reader to put in perspective the ‘‘rudiments”’ of the 
CAP zs given in the book. 

These comments should not be taken as detract- 
ing from the clear merits of the book as an introduc- 
tion tc the CAP and as a convenient work of refer- 
ence for the bookshelf. Nevertheless, as I am sure 
the author would agree, there is still ample scope 
for other books to explain, analyze, and interpret 
the CAP to the profession. The European Commu- 
nity is a dominant power in world agriculture: a 
better understanding of its operations can do noth- 
ing bu: good. 


Tim Josling 
Stanfo'd University 


Publications 


Franke, Richard W., and Barbara H. Chasin. Seeds 
of Famine: Ecological Destruction and the Devel- 
opment Dilemma in the West African Sahel. 
Montclair, N.J.: Allanheld, Osmun & Co., Uni- 
verse Books, 1980, xvi + 267 pp., price un- 
known. 

Seeds of Famine is a study of the political economy 
of historical and contemporary development in the 
Sahelian zone of West Africa. Franke is an an- 
thropologist and Chasin, a sociologist. Their inter- 
est in the topic began in 1974 toward the end of a 
long and disastrous drought in the Sahel which 
began in 1968 and led to widespread hunger and 
famine. The book’s audience is expected to be stu- 
dents, the general public, and scholars interested in 
the Sahel and the linkages between food production 
and the environment. Professional economists look- 
ing for analytical insights into the development pro- 
cess in the Sahel will be disappointed. 

Franke and Chasin’s (FC) thesis is that the de- 
privation witnessed in the 1968-74 Sahelian drought 
resulted from ecological destruction attributed 
primarily to the policies of the French colonial ad- 
ministration from the middle of the seventeenth 
century until 1960, when the countries gained their 
independence. FC’s radical approach to under- 
standing the causes of the drought rejects ‘‘single- 
variable” explanations, such as weather changes, 
desertification, overgrazing, mismanagement, pop- 
ulation growth, and the ''tragedy of the commons." 
Rather, the colonial system is indicted for destroy- 
ing the beneficial interregional trade patterns which 
had been in existence between North Africa and the 
West African humid tropics since the days of the 
Ghana empire (500-1200 A.D.). The promotion of 
peanut cultivation by France in the eighteenth cen- 
tury led to growth in the area of cropland at the 
expense of pastures for animal grazing. The tax 
system established by the French also encouraged 
commercial cropping in order to earn the money 
necessary to pay the taxes. Degradation of soil re- 
sulted from the reduced fallow periods and forest 
areas and the demands peanuts placed on soil nutri- 
ents. Herders were forced to move animals further 
north toward the Sahara, thus breaking down com- 
plementary exchange relationships between farm- 
ers and herders in the Sahel. 

Expansion of wells and watering points for herds 
after 1940 further exacerbated the problem by con- 
centrating animals around them. Vaccination, ani- 
mal health programs, and growing southern live- 
stock markets led to a large growth in livestock 
numbers. '"The peanut and the profit system were 
the real 'overgrazers'—not the nomads'" (р. 99). 
These processes caused extensive ecological dam- 
age, and when the 1968—74 drought came, the frail 
ecology could not support the increased human and 
animal populations. 

A feature of this book that detracts from its 
scholarly value is that many sources are newspaper 
reports and anecdotal material. Also, the tone is 
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excessively emotional. The authors' analyses of the 
pre- and post-colonial eras are full of inconsisten- 
cies. These are epitomized by their statement about 
the effect on nomads of the introduction of ocean 
trade by the French: ‘Тһе loss of the caravans was 
a severe blow to the romads who . . . sometimes 
raided these caravans” (p. 67). 

FC deplore the post-colonial dependency of 
Sahelian countries on the West for foreign capital 
investment znd export markets, both of which they 
claim ensure the Sahel will become more vulnerable 
to future droughts. In a region where capital is 
scarce relat ve to land and labor, one wonders from 
where the Sahel could find the capital to invest in 
increased fertilizer use, which FC maintain is one of 
the major avenues for alleviating the soil degrada- 
tion caused by peanuts. Many such contradictions 
permeate the book. 

In rejecting ‘‘tragedy of the commons” explana- 
tions of the famine, FC imply there was little 
farmer/herder competition prior to the advent of the 
"capitalist ethic." No strong evidence for this is 
cited. Their arguments are made even less tenable 
by the statement (p. 122); ‘‘It was not simply herd- 
ers and their lust for greater numbers of animals, 
but the pressures of the profit system that led to the 
overgrazing. . . ." The authors imply no profit mo- 
tive existed before the colonial era. This is obvi- 
ously not true as is clear from FC's own earlier 
descriptions of trade and commerce along the old 
caravan routes. 

FC contend the large-scale projects being funded 
by the international community under the Sahel 
Development Program (SDP) in response to the 
1968-74 drought are doomed to repeat past errors. 
They will ensure continuation of dependency rela- 


.tions and exacerbate the conflicts between cash 


cropping, food production, and herder interests. FC 
see conspiracies and capitalist plots behind many of 
the SDP projects. According to them, aid is being 
used to offset unequal trade relations, and the net 
result is thet the populations are made no better off. 

FC's solution to the development dilemma in the 
Sahel is for development to proceed from the bottom 
up via small projects instead of from the top down, 
as in the large-scale SDP projects. The mechanism 
for this is to be the formation of farmer/herder 
collectives based on the model of the Federation of 
Soninke Peasants in Senegal. This small non-SDP 
project seems to be the only project site the authors 
visited in their five months in West Africa. 

The authors conclude the book by essentially 
advocating revolution by the citizens of the Sahel. 
Applauding the recent coups in Mauritania and 
Mali, they urge the formation of farmers' and herd- 
ers’ political and economic associations. ‘‘These 
nascent organizations . . . must eventually control 
the political and economic systems of entire Sahe- 
lian countries" (p. 237). The reader could be ex- 
cused for being skeptical about this non sequitur for 
avoiding the adverse effects of the next drought. 
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The coup d'états instead could deliver the coup de 
grace to the Sahel and its people! 


J. G. Ryan 
International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT), India 


Frankena, Mark W., and David T. Scheffman. Eco- 
nomic Analysis of Provincial Land Use Policies in 
Ontario. Ontario Economic Council Research 
Study No. 18. Toronto: University of Toronto 
Press, 1980, viii + 171 pp., $7.50. 

This study is an economic analysis of the govera- 

mer.t’s role in municipal and regional land planning 

in Cntario. The great merit of the monograph is that 
it brings together muck. relevant material. It pro- 
vides a thorough survey of government interventicn 
in the land market and a description of the legisla- 
tion during the last two decades. Because Ontaro 
statistics on land use are inadequate, the review of 
case studies dealing with the conversion of agricul- 
tural land to nonagricultural uses is most welcome. 

For the noneconomist, a valuable theoretical chap- 

ter outlines under what circumstances the lard 

market fails to allocate efficiently. 

Despite these merits, the monograph is disap- 
pointing in the analysis, and particularly so in tre 
prescriptions. In their analysis of the conversion of 
agricultural land to other uses and its significance 
for food production, their data are suspect. Chapter 
5 asserts that in the aggregate, the rate of conve-- 
sion of land to built-up urban uses is low in relation 
to the rate of productivity increase in agriculture, 
the stock of agricultural land, and the decrease in 
the ecreage of census farms. The productivity figures 
used are gross, including inputs produced on lard 
outside Ontario, such as feed grains, calves, amd 
heifers. The productivity increase of the majcr 
crops, including hay,-in Ontario is considerably 
lower, roughly half the overall gross productivity 
increase. Moreover, closer inspection reveals thet 
the rate of productivity increase is decreasing dras- 
tically. Since 1966, population growth in Ontari» 
has exceeded the growth rate of total gross agricu - 
tural output. 

Tke authors estimate that during the past decadz 
about 196 of the good agricultural land was cor- 
verted to built-up urban use. This is primarily based 
on a study of twenty-four urban areas with a popt- 
lation of 25,000 or over in 1971. What happenei 
outside these areas in the form of losses to transpor- 
tation and power corridors, power sites, water res- 
ervoirs, waste disposal sites, and new towns Б 
ignored entirely. We are ‘eft in the dark, failing Шз 
availability of data, as to the cause and ultimata 
destination of much of the decrease in the acreag- 
of census farms. Land becoming submarginal fo- 
agriculture is one explanation, illustrated by the 
tobacco example on pages 67 and 68, in which the 
authors incorrectly presume that the unit cost о? 
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tobacco production on lower quality land is neces- 
sarily higher than on prime land. Although the sub- 
marg nality cause is plausible, particularly for un- 
improved land, it is not so obvious that the large 
decrease in improved land in the late sixties is 
caused mainly by this. 

It seems that the authors have highly overesti- 
mated agricultural productivity growth on Ontario 
farmland, and underestimated the conversion of ag- 
ricultiral land to economically irreversible uses 
other than built-up uses in urban centres and rural 
nonfarm residential development. Although not 
explicitly stated, the message one gets is that much 
of th» prevailing concern is unjustified. To call 
some of the discussion alarmist and cataclysmic 
rhetoric does little to bring economists, planners, 
and policy makers closer, which is what the authors 
hopec to accomplish: 

The difficulties in performing the prescribed 
cost-tenefit analyses are not elaborated. For exam- 
ple, Fow would the authors measure the benefits 
from -ural nonfarm housing to find out whether or 
not a restraint policy should be implemented? Is it 
the maximum price potential residents are willing to 
pay tc live in the rural area or the minimum amount 
they zre willing to receive if they are excluded from 
that acea? Moreover, how are they to be identified? 
Despi:e the absence of much of the necessary in- 
formation and background, the authors insist that 
adopt:on of provincial guidelines or controls must 
be preceded by a cost-benefit analysis, since they 
feel tFat the burden of proof should be on the gov- 
ernment. Because of these difficulties, many of 
those computations would be highly suspect. No 
cost-benefit analysis or other evidence is presented 
in supoort of the authors’ doubts about the justifica- 
tion o? many forms of government intervention in 
the land market, as the introduction promises. 

The authors consider the maximization of na- 
tional welfare as the exclusive objective of conser- 
vation policies. Because long time horizons, mas- 
sive uncertainty, and economic irreversibility are 
involved, a better objective is to avoid future food 
calamities, even if their probability is small. It is 
impossible to quantify the benefits of such policies 
exactly, but their order of magnitude can be estab- 
lished. The cost of such an insurance policy is the 
decrease in national welfare, under the most prob- 
able ccnditions, imposed by the conservation policy. 
This decrease does not necessarily invalidate the 
policy as the authors conclude, but must be com- 
pared with its benefits. 


Willem van Vuuren 
University of Guelph 


Friedmann, John, and Clyde Weaver. Territory and 
Fonction: The Evolution of Regional Planning. 
Berkeley: University of California Press, 1980, 
240 pp., $6.95. 

The authors present an historical perspective of 

regional planning by emphasizing particular indi- 
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viduals, schools of thought, governmental pro- 
grams, and spillovers from other cisciplines that 
they feel are noteworthy to the development of this 
field. Their basic thesis is that clarification of the 
“state of the art” in the evolution of regional plan- 
ning doctrine is necessary to answer critics as well 
as to complement efforts involved in reexamination 
and reconstruction of planning philosophy. This is 
clearly indicated by such statements as "this . . . 
will help to throw regional planning doctrine into 
relief by revealing its origins, the options that were 
rejected, . . . alternative formulations that were 
neglected, and the new forms of doctrine . . . begin- 
ning to emerge” (p. 2). 

Early in the book, Friedmann and Weaver point 
out two forces, territorial and functional, of social 
integration that they believe systematically surface 
in their reconstruction of the history of regional 
planning. The former relates to common bonds and 
the latter force to self-interest. The title of the book 
originates from these two compoaents and this 
writer feels that such a label is misleading. First, the 
subtitle is more relevant to content than the main 
title, and second, it is not explicitly clear where 
each force is applicable and in what context during 
the various discussions. 

The book is divided into three par-s designated as 
regionalism in America, a spatial framework for 
capitalist planning, and the crisis in development, 
respectively. The first section contains some of the 
important social and intellectual changes that are 
interpreted as contributing to regionalism in our 
country. Discussion centers upon such events as 
urban industrialization, Theodore Roosevelt's con- 
servation movement, impact of institutional eco- 
nomics, and the effects of governmental economic 
and social programs. The second section em- 
phasizes theories of unequal and polarized devel- 
opment and policies to deal with residual areas. The 
final portion of the book explores the ramifications 
of the transnational movement upon regional de- 
velopment doctrine. The authors argue that as a 
result of transnational ideology reflecting functional 
power, there is a need to change regional doctrine 
to encompass more of the territorial (or common 
bonds) aspects of social integration. To accomplish 
this, Friedmann and Weaver lend support to a 
“basic needs" approach (termed ''agropolitan'"). 

The first two sections of the book are germane to 
the basic thesis of the book. The discussion gener- 
ally centers upon the emergence of regional plan- 
ning doctrine. It is the latter section which destroys 
the earlier success. The impression is given to this 
writer that the last part is written -o resurrect the 
senior author's earlier original formulation of the 
"agropolitan" concept. The last section abruptly 
turns to regional development in developing coun- 
tries. This sharp twist seems unrelzted to previous 
material. 

The authors should have enlarged the first two 
sections with additional focus upon current short- 
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run influences associated with research and politi- 
cal trends that have a strong likelihood of affecting 
planning doctrine. The authors should have em- 
phasized the analytical approach centering upon the 
importance of remote sensing and computer graphic 
techniques to their field. The influence of academic 
disciplines, i.e., environmental and community 
economics, upon regional planning is overlooked as 
well as the impact of the ‘‘less governmental inter- 
vention” or libertarian movement on this field. 

This writer feels that the authors missed an op- 
portunity to clarify the role of the engineer in the 
field of regional planning. The only time that the 
engineer is introduced into the book is in one short 
sentence where ''the one . . . example of regional 
planning in practice, the TVA, was largely the 
handiwork of engineers . . ." (p. 92). Friedmann 
and Weaver should have described the comple- 
menting roles of the two professions as well as 
differences. 

The authors obviously have an in-depth under- 
standing of the literature influencing regional plan- 
ning as illustrated by the many references contained 
throughout the book. In fact, Friedmann and 
Weaver introduce such a large number of footnotes 
at the end of each chapter that this writer became 
weary of turning pages in response to each note. 
Much of the information contained in the explana- 
tory notes could readily be incorporated into the 
main text. 

The advertising statements on the back cover 
designate this work as a landmark in the study of 
regional planning. It should be labeled a landmark 
in the sense that the authors should rethink, reor- 
ganize, and expand the existing effort to accomplish 
their original objective. The book, in its present 
form, falls far short of its intent. 


Bruce E. Lindsay 
University of New Hampshire 


Halcrow, Harold G. Economics of Agriculture. New 
York: McGraw-Hill Book Co., 1980, xiv, 383 
pp., price unknown. 

The past few years have seen a spate of textbooks 
on the economics of agriculture for undergraduate 
students. Halcrow's contribution is slanted toward 
readers with little or no previous experience or 
knowledge in either economics or agriculture. It is 
intended as an introduction to more advanced 
courses in agricultural economics and to present an 
understanding of the major economic problems of 
agriculture to students in the physical and biological 
sciences, some of whom may have no idea of what 
agriculture is about. 

The organization of the book appeals to this re- 
viewer's biases and prejudices. There are ten fairly 
self-contained chapters. Each chapter starts off 
with a statement notifying the reader what the chap- 
ter contains. The exposition follows with clear, 
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simple definitions, in appropriate places, of rules, 
terms, and laws required for discussion of the sut- 
ject. Discussions are well-illustrated with appropri- 
ate figures and tables, presented in a clear and 
straightforward manner. At the conclusion of each 
chapier is a concise summary of the material pre- 
sented and a list of the important terms and con- 
cepts included in the discussion. This last serves a 
useful purpose for readers who might otherwise fail 
to recognize concepts as they read. It should save a 
lot of underlining in red pencil. Each chzpter ends 
with a short statement about what is coming nex: 
and г list of questions and answers that should aic 
the student in reviewing the chapter. 

The centra] economic problems of agriculture are 
listed and discussed early in the book. These are 
followed by a brief history of mankind's ropulatior 
grow:h since prehistoric times and its implications 
for tke future of agriculture. Then follows a discus- 
sion of production functions and costs. This is 
pretty much limited to a discussion of smgle-vari- 
able :приїѕ. Factor-factor, product-product, com- 
plementarity, and supplementarity are given light 
treatment consisting primarily of definitions and z 
brief discussion. Demand and supply and -heir elas- 
ticities are given rather thorough treatment. There 
follows a discussion of the competitive structure of 
agribusiness and production and marketing strate- 
gies of agribusiness firms dealing with meat and 
poultry, cereals, dairy, sugars, oils, and processed 
fruits and vegetables. Most of this discussion is 
descr.ptive. The chapter on farm income problems 
and programs discusses farm price and income 
problems and then describes past programs dealing 
with these problems frorr. a historical and political 
perspective as well as in simple analytical terms. 
The final chapter deals w:th the historical develop- 
ment of international trad2 in farm products and its 
importance to American, as well as international, 
agriculture. Included is a brief discussion of the 
European Common Market and: the Kenaedy and 
Tokyo rounds to reduce international trade bar- 
riers. The book concludes with an excelent glos- 
sary cf definitions of terms, rules, and laws used in 


the text. 
The objectives of the text as stated in the preface. 


are to begin with basic economic and agricultural 
concepts, develop a broad view of the ceatral eco- 
nomic problems of agriculture and apply the con- 
cepts and principles to problem solving. I: is in the 
final cbjective that delivery is not made. Tae author 
has done an excellent job presenting the central 
econcmic problems of agriculture and the basic 
concepts needed to solve those problems. But he 
does -ittle to further a student's understanding of 
how the concepts discussed can be appliec to prob- 
lems of decision making bv a farm firm or -o formu- 
lation and implementation of public policy with re- 
gard to agriculture in the macro sense. Those who 
believe in use of concepts for analysis and decision 
making will miss the application of the coacepts to 
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such .ses in the text. However, one text cannot be 
every-hing to all people. When it is realized that this 
text rzquires no previous knowledge of either eco- 
nomics or agriculture, one cannot expect a product 
cover 3g all aspects of agricultural economics. If we 
place ack of development of analytical economic 
ability on the part of the student aside, this is an 
excellent text for students of limited background. In 
fact, there is no need to limit the text to students: it 
could >e read profitably by any high school grad- 
uate ho is interested in gaining some background 
about and insight into the economic problems of 
Amerikan and international agriculture. ` 


Antheay P. Stemberger 
Penns.lvania State University 


Hicks, John. Causality in Economics. New York: 

Bzsic Books, 1980, 124 pp., $8.95. 
This lmtle book contains thoughts on methodology, 
the hetory of science and causality, and some 
words of caution about the use of probability in 
econoaics. Those thoughts and words come from 
the mi-d and pen of one of the more honored econ- 
omists of the twentieth century. Therefore, they 
must b2 assumed to have some potential impact. I 
would .ike to take up some issues of disagreement 
in whz: must be a modest manner. Hopefully the 
theme and outline of Hicks’ book may be filtered 
out of :ћоѕе comments. 

Hicks says that economics is ''on the edge of the 
sciencss,’’ and the central argument by which we 
are plzzed in those far suburbs is that true science 
develcps propositions that are timeless. Their refu- 
tation ior lack of it) does not depend upon a time 
frame. In later chapters we are given Newtonian 
mecha-ics as an example of a set of scientific pro- 
positicas that lasted two centuries before requiring 
modification for at least some sets of now observ- 
able data. Moreover, we are given a discussion of 
Adam .3mith's propositions that wealth is concen- 
trated near water transport. The point is that 
change: in technology (and technology is outside 
economic theory) may lead to a change in the 
truth-value of Smith's locational theory. 

Borrowing from Hicks' own taxonomy of causa- 
tion (cap. 2) and pondering his examples, we 
might craw the lesson that physics (at least, New- 
tonian mechanics) contains a great number of 
strongb* causal relationships. In other words, 
ceteris paribus is not so crucial as it is іп econom- 
ics. Thr would enable us to interpret Hicks’ use of 
the phzase ‘‘out of time” to mean that ‘те’ is a 
shorthand for critical environment—all those things 
that m.st be held constant to make a meaningful 
causal -tatement. Certainly, one would not quarrel 
with th= importance of the bundle of ceteris paribus 
for eccaomics. We often yearn for strong causality, 
or at least costless experiments, which would pro- 
vide drsmatic evidence, for example, regarding the 
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proposition that doubling the money supply will, 
ceteris paribus, double the price level. To me, all 
this only says that economics is a difficult subject, 
differing in degree but not in purpose from other 
sciences. I get the impression that Hicks is saying 
more than this. 

Alternatively, if we adopt the adage that ‘‘there is 
nothing new under the sun” for physical phenom- 
ena, one would find a significant point of departure. 
Economics is a social science, and societies evolve. 
However, as I understand modern notions of the 
universe, astronomers would feel no more comfort- 
able with the adage than would biologists or econ- 
omists. 

Again, if one measures critical environmental 
constancy, or the lack of it, against real time, I 
would be prepared to believe that new phenomena 
may be more abundant in economics—a matter of 
degree. However, one must not give points away so 
quickly. The effects on scarcity of Diocletian price 
ceilings on food must have been much the same as 
more recent ones on natural gas. Similarly, coin 
clipping by Nero would have had some of the same 
effects as the Federal Reserve Bank buying bonds 
from the U.S. Treasury to finance the purchase of 
current goods and services. 

Indeed, one wonders whether the crucial differ- 
ence between economics and the '*hard sciences” 
is because of so much change in the critical envi- 
ronment or whether it is because of the lack of 
"experimental data" due to little (or only slow) 
change. 

Two of the crucial experiments" of this century: 
for economists in the industrial world of private 
ownership of capital have been the Great Depres- 
Sion, to which Keynes responded, and the inflation 
(together with unemployment) of the past ten 
years. Certainly there have been other ''experi- 
ments” with inflation and recession in many coun- 
tries, but the mass of theorizing and testing caused 
by the two events mentioned must dwarf the litera- 
ture inspired by other events. It is my impression 
that economics as a science has responded to these 
new sets of data by revising its theories to account 
for the new data without countering the old. This is 
the response any science makes to new data. 

The question of whether economics differs as a 
science is not at issue. The issue is whether the 
differences are so crucial that economics either 
does not qualify as a science or qualifies only as a 
poor neighbor. Given the recent decision by the 
current administration to let the entire National 
Science Foundation budget cut fall on economics, 
this rather nebulous and ancient issue evidently сап 
be a crucial one. There may be unscientific econo- 
mists, but economics is a study of mankind which 
seeks to develop hypotheses about human behav- 
ior, hypotheses that have empirical content in the 
sense that they are capable of being refuted. There- 
fore, economics is a science, and those who saw fit 
to include the discipline for Nobel awards showed 
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good taste and common sense. Hicks never actually 
calls economics ‘‘unscientific’’ in his book, but. he 
comes a bit too close to suit this reviewer. 


Dudley Wallace 
Duke University 


Judge, George G., William E. Griffiths, R. Carter 
Hil, and Tsoung-Chao Lee. The Theory and 
Practice of Econometrics. New York: John Wiley 
& Sons, 1980, xxvii + 793 pp., $26.95. 

This book covers most of the standard topics dis- 
cussed in graduate econometrics courses and texts, 
with the notable exception of simultaneous equa- 
tion models, a reasonable omission because the 
book is already long and because simultaneous 
equation models are well covered elsewhere. (Si- 
multaneous equation models have been the subject 
of less recent work than many other topics covered 
here.) 

The book is impressive as scholarship. There is a 
long list of topics for which the book provides the 
best textbook treatment currently available. For 
example, the book contains forty pages on hetero- 
Skedasticity, a topic often slighted'in other texts, and 
it covers almost everything in the econometric lit- 
erature on this topic. Other topics of which cover- 
age is complete include autocorrelation, pooling 
of cross-section and time-series data, random 
coefficients models, unobservables, distributed lag 
models, and nonlinear models and related computa- 
tional methods. 

As would be expected, the book reflects the re- 
search interest of its authors. Thus there is an ex- 
tensive discussion of pretest and shrinkage es- 
timators (ridge regression and Stein-rule types), 
some of it with reference to multicollinearity, some 
not. There is also an extensive discussion of the 
related problem of selection of regressors. The dis- 
cussion of the linear model under ideal conditions is 
cast in a decision-theoretic framework. My per- 
sonal opinion that this is interesting in theory but 
useless in practice is obviously not shared by the 
authors. 

It is typical in reviews of this type to search for 
minor flaws, to avoid the appearance of unquestion- 
ing approval, but it is difficult here because there is 
not much to criticize. The treatment of the linear 
model under ideal conditions is neither extensive 
nor clear, but the topic can be found easily in other 
texts. As noted above, simultaneous equation mod- 
els are omitted entirely. One might also argue that 
time-series methods in general are not adequately 
covered. 

In the preface, the authors state that the book is 
intended as a text and as a handbook or reference 
book for students or others. As a handbook or 
reference book, it has no serious competition—on 
the topics it covers, it is by far the best available. 
As a text, I expect it will be widely adopted in 
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courses for which two or more texts are used. AS a 
sole zext, it would be overwhelming for any but the 
most advanced, topics, courses. Precisely because 
the coverage is so encyclopedic, there is a tendency 
for standard econometric topics to become 'lost. 
(For example, a student might learn twenty ways to 
hand.e autocorrelation but miss the point that in 
practice virtually everyone uses the Durbin- Watson 
test end Cochrane-Orcutt transformation.) 

While texts achieve varying degrees of financial 
success and critical acclaim, only the best consti- 
tute a service to the profession. This book is in that 
class. 


Peter Schmidt 
Michigan State University 


Када. Ryohei. Part-Time Family Farming: Off-Farm 
Employment and Farm Adjustments in the United 
States and Japan. Tokyo, Japan: Center for 
Academic Publications, 1980 (ISBS, Inc., Forest 
Grove, Ore., exclusive distributor), xv + 264 
pp., $26.00. 

This book reports on a comparative socioeconomic 
study of part-time farming in two samples of house- 
holds, one from Wisconsin and one from Shiga Pre- 
fecture, Japan. The main hypothesis is that deci- 
sions of a farm family for taking off-farm employ- 
ment are influenced by internal factors—stage in 
family life cycle, aspirations and goals of the family, 
quantity and quality of resource endowments—and 
exterral factors—off-farm employment oppor- 
tunities, availability of additional farmland, and 
farm technology. The main method of analysis is 
descriptive within a typological framework. There 
is mirimal application of economic theory to the 
labor supply decisions of farm household members 
and of econometrics. Thus, there is no serious 
statistcal testing of a model of off-farm work par- 
ticipation or of supply of hours of off-farm work by 
farm household members. 

Chapters 1-3 of the book provide an introduction 
to the study, a review of some of the international 
statistics and literature on part-time farming, and a 
comparison of structural change in U.S. and 
Japanese agriculture during the twentieth century. 
The comparison relies heavily upon the research by 
Hayami and Ruttan. Chapters 4—7 present the major 
findings. In this study a part-time farm family is 
defined as a farm household where one or more 
members engaged in off-farm work, including self- 
emplovment, for thirty days or more per year. The 
data fcr the analysis were obtained from interviews 
of 193 Wisconsin farm households and 245 farm 
households of Shiga Preiecture, Japan. Neither 
sample represents a probaLility sample of the re- 
spective geographic unit, so generalization would 
be difficult even if models were fitted economet- 
rically. 
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In chapter 4, the topology of part-time farm fami- 
lies, which is used for classifying the farm house- 
holds n later descriptive analyses, is presented. 
The classification considers the career pattern of 
the farm operator and the historical mobility of the 
family (for Wisconsin) or structure of the farm fam- 
ily (for Japan). The sample mean values of socio- 
economic characteristics, including farm type, 
gross farm sales, net farm income, off-farm income, 
numbe- of household members, number working 
household members, are presented for each of the 
typological classes. 

Charter 5 presents data mainly on subjective re- 
sponses by typology class on motivation for off- 
farm work, kinds of on-farm and off-farm adjust- 
ments +0 facilitate dual jobholding, and conflict ver- 
sus complementarity of dual jobholding. The chap- 
ter alse presents data on who in the household 
participates in dual jobholding (i.e., who works 
greater than or equal to thirty days per year at farm 
and offzfarm work). The reported frequency of dual 
jobholding is 62% for husbands and 16% for wives 
in Wisconsin sample farm households and 4596 for 
husbands and 13% percent for wives in Shiga sam- 
ple farm households. 

Chapter 6 presents a description of time alloca- 
tion of Rousehold members by farm size (acres) and 
farm type. It also shows the simple correlation of 
farm versus off-farm work of different household 
membe’s. In chapter 7, the author attempts to give 
a life-cycle perspective to part-time farming. 
Housekolds are classified by family stage, e.g., pre- 
school, school age, etc. The main difference be- 
tween J.S. and Japanese stages are due to the 
nuclear U.S. family system and the Japanese stem 
family, which is perpetual with family composition 
changing over time. Tables are presented showing 
labor input, family size, net farm income, off-farm 
characteristics, and type and size of farm by these 
family stages. Working time allocation seems to 
differ. Га Wisconsin sample families, hours of farm 
work ard off-farm work move inversely over family 
stages, but in Shiga households, they move to- 
gether. 

The author should be commended for his attempt 
то add io our knowledge about part-time farming. 
Unfortunately, the results do not go.beyond being 
suggestive. 


Wallace E. Huffman 
Yale Uriversity and Iowa State University 


Reference 
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Hopxins University Press, 1976. 
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Pearse, Andrew. Seeds of Plenty, Seeds of Want: So- 
cial and Economic Implications of the Green Rev- 
olution, New York: Clarendon Press, Oxford 
University Press, 1980, xi + 262 pp., $22.50. 

Pearse and I have been green revolution watchers 

for over a decade. His views are summarized in the 

book under review; mine in a recent article 

(Dalrymple). Our perceptions generally differ 

quite sharply. I probably would not be his first 

choice as a reviewer. 

The book is an overview of an earlier study 
known as Global Two, carried out between 1970 
and 1974 by the United Nations Research Institute 
for Social Development (UNRISD). Pearse was 
project manager; he is currently Co-Director of the 
Participation Program for UNRISD. 

Individual country studies were done by scholars 
representing a wide range of professions, particu- 
larly social science. According to Pearse: 


They sought to illuminate and explain the emergent 
situations at different levels and in different ways. 


Each used his or her own methods of research. No 
standardized instruments were insisted upon but it 
was made clear that field studies were required. . . . 


Most of the studies that resulted attempted to look at 
the introduction of the new technology in the context 
of one or several primary rural settlements... . (p. 2) 


Altogether, sixteen bulletins were published and at 
least fourteen other manuscripts were prepared 
and/or issued between 1971 and 1977. A Summary 
of Conclusions was released in 1974, and a draft 
"Overview Report was prepared in 1976 but not 
published. It was decided that ‘‘a more analytical 
and interpretative summary of the conclusions" 
was needed (p. viii). 

The individual bulletins were a hodge-podge in 
terms of subject matter, approach, and presenta- 
tion. They did share a preoccupation with the nega- 
tive aspects of the green revolution and almost to- 
tally neglected its broader social contributions: (a) 
direct benefits to consumers beyond the producing 
village and (b) the indirect benefits such as the 
stimulus provided to multiple cropping and the mul- 
tiplier effects on the economy. While it was as- 
sumed that the purpose of the technological 
changes was to provide freedom from food depen- 
dence on other nations and freedom from hunger 
(p. 3), very little attention was given these key 
issues. 

The present book was largely shaped by this 
background. Had it been issued in the mid-1970s, it 
would have fitted in comfortably with some of the 
unbalanced literature of the time—which was much 
more concerned with the seeds-of-want aspect than 
with the seeds-of-plenty dimension. 

But the book was not published until late 1980, 
and then it was not updated. A flood of literature 
has appeared on the green revclution since the 
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mid-1970s, but essentially none of it is noted or 
incorporated in the book. The green revolution ma- 
tured during this period and so did much of the 
writing about it. Pearse's account, therefore, is an- 
tiquated. 

Well, then, how does the book do as a product of 
the early 1970s? Not very well. Virtually everything 
that Pearse says about the green revolution has 
been said before, and better, both by himself (in 
Summary of Conclusions) and by others. Pearse's 
current text meanders and is unexpectedly tedious. 

This is not to say, however, that some new mate- 
rial has not been added. Yet nearly all of it concerns 
the problems of technology as related to agrarian 
structure, land reform or tenancy, and the evils of 
market-oriented capitalist agriculture. Indeed, at 
points it seemed that I was reading a tract on ‘‘Ten- 
ancy and Technology." The green revolution 
often appeared more a pretext than the major sub- 
ject. ; 

Near the end, Pearse does turn to a more useful 
and topical, though hardly pathbreaking, discussion 
of appropriate technology (chap. 12). There he ad- 
vocates what has in reality emerged over the past 
decade: the expanded development of technologies 
more suitable for the less well-endowed farmers. 

Pearse concludes with a chapter in which he 
eulogizes peasant-based strategies followed in 
China, Taiwan, and Japan. All three, of course, had 
rather autocratic land reforms (‘‘historic events 
larger than the agricultural sector," p. 243). 


Thus, the dynamic process of a fully capitalist de- 
velopment in the sector has been eliminated or kept 
under control, and the marginalization and ''deland- 
ing" of the peasant majorities, with all its social 
pathology, political instability, and individual trauma, 
has been avoided. (p. 243) 


Whether these additional insights were worth the 
long wait is highly questionable. More ''interpreta- 
tive" they are; more ‘‘analytical’’ they are not. 

Despite my misgivings about the book as an as- 
sessment of the green revolution, it probably will 
sell relatively well. It has a promising pedigree, an 
attractive appearance, an enticing title, and a pres- 
tigious publisher. Unfortunately, the contents are 
not up to, nor even true to, the package. But few 
purchasers will be immediately aware of this. 

It is a pity that the seeds of such a promising 
project bore such tardy, meagre, and twisted fruit. 


Dana G. Dalrymple 
USDA and USAID 
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Sanderson, Fred H., and Shyamal Roy. Fcod Trend. 
end Prospects in India. Washington, D.C.: The 
Brookings Institution, 1979, xiii -- 162 pp., price 
unknown. 

Ray, Susanta K., Ralph W. Cummings, Jr., anc 
Robert W. Herdt. Policy Planning for Agricul- 
tural Development. New Delhi, India: Tate 
McGraw-Hill Publishing Co., 1979, ziv + 237 
Ер., price unknown. 

These two books provide carefully researchec 

analy-ical accounts of the development issues ol 

Indian agriculture, of interest not only to those in- 

volvei with India’s economic development but tc 

all those who are concerned with policy research 
and p.anning in the developing countries o7 the third 
world. Because it accounts for one-third of the 
population of the third world, the prospec-s of poli- 
cies and programs for agricultural develapment in 

India are of international concern. 

An excellent overview of the study by Sanderson 
and Roy was provided in chapter 1. An assessment 
of the trends in food grain production and popula- 
tion growth in the past quarter century has been 
described as the ‘‘food-papulation crunch,” which 
is the real problem to be tackled effectively by 
appropriate policies and action programs in India. 
However, Sanderson and Roy devote lit-le atten- 
tion to the population problem as such or to the 
interlinkages of agricultural development and de- 
mographic factors. Instead, they concertrate on 
preserting an analysis of the long-term trends in 
food grain production and examine the contribution 
of input factors affecting production of rice, wheat, 
coarse grains, all cereals, and pulses. However, in 
discussing economic factors affecting the -rends in 
food grains in chapter 4, the authors have nct pro- 
vided convincing analysis to support their conclu- 
sion that ‘‘with a few exceptions, fluctuatioas in real 
prices and returns per hectare, and fluctuations in 
the grain-fertilizer price ratios, did not exert a sig- 
nificant influence on fertilizer use or on weather- 
adjusted yields." Unfortunately, this kind cf em- 
piricism could lead to wrong policy prescriptions 
and perpetuate the market imperfections. A good 
discussion of the institutional factors affecting food 
trends is given in chapter 5. 

In the second part of the book, the au-hcrs at- 
tempt to project the probable demand for food in 
1990 and 2000 and examine whether it can be met 
from domestic production. Even if one has any 
differences with the authors' calculations of returns 
from isrigation and fertilizer, one can reasonably 
agree that these two are key factors for ach:eving 
additional increases in yields of food grains in India. 

The last chapter of the took is devoted to policy 
implicetions. The authors have correctly cautioned 
the policy makers that they should be careful in 
evaluating the alternatives. However, they also 
could save emphasized that monitoring end con- 
tinuous evaluation of the impact of the pol:cy deci- 
sions in relation to the objectives is also needed. 
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The value of this book by Fred Sanderson and 


‘Shyareal Roy to students of agricultural economics 


would have been enhanced if they had provided an 
index and a bibliography to the literature cited. 

The book on Policy Planning for Agricultural 
Develcoment by Ray, Cummings, and Herdt pro- 
vides =n excellent historical perspective and analy- 
sis of пе agricultural development in India. In part 
one of -he book, the authors discuss the agricultural 
stagna‘ion up to the end of British rule and devel- 
opmer- under planning after independence (1951— 
75). Ater this, the authors present the framework 
for agricultural development in India in part two of 
the bozk, which is divided into three chapters (4—6) 
dealing with the role of agriculture in stimulating 
Indian 2conomic growth, policy strategies, and al- 
ternati.e growth scenarios that might result. The 
plannimg strategy for 1978-83 described by the au- 
thors i- chapter 4 is unfortunately now of academic 
interes only, because of the dramatic political de- 
velopnents that took place in 1980. With the come- 
back ci Indira Gandhi to power, the Draft Plan for 
1978-8: has been abandoned and the new Planning 
Comm sion is preparing a Sixth Five-Year Plan for 
1980-82. However, the policy strategy presented by 
the autiors in chapter 5 will be relevant even under 
the ne Gandhi regime. 

Fror- the population policy point of view, it is of 
interes: to note that Ray, Cummings, and Herdt 
think t-at ‘‘a higher agricultural growth rate should 
also inzrease the possibility of accelerating family 
plannirz.'' This is based on the implicit assumption 
that higher agricultural production will improve nu- 
trition, particularly for pregnant and nursing moth- 
ers anc. young children, and this will increase life 
expectancy by lowering chances of death during the 
first ter. to fiteen years. However, this is a simplified 
and styzized approach to an important and complex 
demographic problem of developing countries like 
India. The authors could perhaps have drawn the 
attentica of the readers of their book, in this con- 
text, tc the literature dealing with the ‘‘new home 
economics,” as Nerlove called it. 

Part Three of the book provides an excellent 
analytical account of policy issues dealing with re- 
search and education; production input require- 
ments; economic infrastructure, marketing, and 
rural ceatering; price policy; and equitable devel- 
opment. 

Both of these books are timely and useful to 
policy makers and researchers, because India is 
entering a new phase of economic development and 
the issw2s require new analytical insights. These 
two bocks can stimulate the necessary thinking in 
the гів: directions.! 


M. T. F, Sarma 
Internazonal Labor Organization 
1 The v«ws expressed here are entirely in the personal capacity 


of the rev змег and do not represent in any way the International 
Labor Orzanization, in which the author is currently employed. 
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Articles 


Common Property Externalities: Isolation, 
Assurance, and Resource Depletion in a 
Traditional Grazing Context 


Carlisle Ford Runge 


Institutional alternatives to common property externalities are wider than argued by 
private exclusive property rights advocates. The ''tragedy of the commons” is not a 
prisoners’ dilemma, characterized by the strict dominance of individual strategies. The 
nonseparable common property externality is an ‘‘assurance problem.” The assurance 
problem provides striking perspectives in analytical and policy terms. It redefines the 
problem of the commons as óne of decision making under uncertainty. Institutional rules 
innovated by the group to reduce uncertainty and coordinate expectations can solve the 
problem of overexploitation. Rules come in many forms, and private property is only 


one. 


Key words: common property, institutional rules, nonseparabilities, prisoners' 


dilemma. 


Externalities lead to nonoptimal market allo- 
cations. The literature is filled with examples 
of ‘‘market failure" arising from the di- 
vergence of private from social cost (Bator, 
Coase, and Meade). The ''tragedy of the 
commons”’ arising from grazing too many cat- 
tle on a given area of land has been widely 
noted as an important representative case of 
externality. The private benefit of grazing an 
additional head of cattle on a common range 
exceeds the private cost, because part of the 
cost is incurred by the entire group engaged in 
grazing. As a result, individuals have an incen- 
tive to ''free-ride'' and resource overexploita- 
tion results (G. Hardin). 

The example of a common property exter- 
nality is only one of a large number of struc- 
turally similar problems. These include over- 
exploitation of common fishing grounds, ex- 
traction of oil and natural gas from a common 
underground reservoir, deforestation of com- 
mon lands for fuelwood, depleting under- 


Carlisle Ford Runge is a former graduate research assistant, De- 
partment of Agricultural Economics, University of Wisconsin- 
Madison, now an assistant professor of public and environmental 
policy, University of North Carolina-Chapel Hill. 

Research funds were provided by the Graduate School of the 
University of Wisconsin. - 

The author has benefited from comments by Daniel W. Brom- 
ley, Richard Bishop, Chris Nunn, Charlie Adelberg, David Lee, 
Kerry Smith, Gerald Marwell, and the reviewers of this Journal. 


ground water sources, and some pollution 
problems of common air and water resources 
(Dasgupta and Heal, pp. 73—78). 

Economists have struggled to find appropri- 
ate analytic and technical tools to model these 
important problems. One is the theory of 
games (Von Neuman and Morgenstern, Luce 
and Raiffa). It has been widely and errone- 
ously assumed that common property exter- 
nalities arise for reasons associated with the 
famous ‘“‘prisoners’ dilemma” game. This 
paper will demonstrate (a) that such an as- 
sumption is a false interpretation of the prob- 
lem and (5) a correct game-theoretic formula- 
tion of common property externalities. This 
formulation is known as an assurance problem 
(Sen). Assurance problems have interesting 
implications for institutional rules designed to 
halt environmental degradation. The discus- 
sion will focus on problems of overgrazing, 
with particular reference to pastoral grazing in 
developing countries. The analysis also will be 
extended to other examples of externalities 
and to public or collective goods generally. 


Overgrazing: Some Theoretical Approaches 


In much of the developing world, common 
property provides a complex system of norms 
and conventions over individual grazing 
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rights, closely resembling the traditional, 
common property institution of prefeudal 
Europe. Common property was an old 
Tectonic institution, which slowly gave way to 
the forced enclosure movements of the 
fifteenth and sixteenth centuries, notably in 
Great Britain. Its existence may be traced to 
Graeco-Roman times (Vassberg, Blam). His- 
torically, and in its modern version, common 
property provides regulations of considerable 
complexity over individual grazing rights. 
Given its persistence, common property is ar- 
gued by some scholars to be a relatively stable 
system (Dahlman). 

A3 an institution, common property is dis- 
tinguished from free and open access, where 
there are no rules regulating individual grazing 
rights (Ciriacy-Wantrup and Bishop). Often, 
whaz appears to the outside observer to be 
open access may really involve tacit coopera- 
tion by individual users according to a series 
of rales. This is common propertv. As ir. 
duopoly, a structure of use-rights to common 
range may be stable or unstable. It is this 
problem, not open access, which I will ad- 
dress. Empirically, it is important to distin- 
guish between open access and common prop- 
erty if appropriate policy is to be formulated. 
The problems of open access arise from unre- 
stricted entry. Problems of common property 
pertain to use-rights by a group of a given size. 

Although common property may be a stable 
pattern of resource use in traditional societies, 
population growth, technological change, or 
rapid climate change can destabilize tradi- 
Попа: institutions. Today, especially in areas 
of the Sahel and southern Africa, the break- 
down of common property institutions has led 
to serious overgrazing (Hitchcock, Picardi and 
Seifert, Glantz). 

Many economic consultants and planners 
have called for the imposition of private prop- 
erty rights to halt this "tragedy of the com- 
mons” (Johnson, Picardi). Following the tra- 
dition of enclosure of common grazing lands, 
efforts have been made to impose private 
property schemes to “‘internalize’’ a common 
property externality (Foss). Many have failed 
seriocsly. Not only have they failed to stop 
overgrazing, they also have contributed to fur- 
ther inequality in alreadv unequal distributions 
of wealth. Lands formerly held in common аге 
being transferred to individuals, such as high- 
ranking government bureaucrats, who can 
exercise influence in the allocation of use- 
rights. These individuals often fail to protect 
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rang? quality (Hitchcock). An analysis of the 
economic paradigm leading to this failure 
sheds light on the problem. 


The Property Rights Paradigm 


Some economists argue that the proper solu- 
tion for overgrazing a common range is to 
intermalize its costs by making the public as- 
pects of the range private. Instituting a scheme 
of such rights, if they are properly enforced, 
will create a market in the private rights to 
graze. This approach has led Demsetz, among 
others (Cheung, North and Thomas, 
Furubotn and Pejovich) to argue that the mere 
existence of common property rights over a 
scarce resource will lead to a tragedy of the 
comir ons because of the failure to internalize 
the social costs of grazing the last head of 
cattle They argue that the enforcement of pri- 
vate use-rights to the resource will yield inter- 
nalized costs to each user equal to benefits in 
total end at the margin.! 

There are three things wrong with this anal- 
ysis. First, it does not distinguish between 
situations of open access (in which the main 
difficulty is unrestricted entry) and those of 
common property.? This view implies the in- 
evitab e overexploitation of common prop- 
erty, zn historically false position (Dahlman). 
Second, it treats the common property exter- 
nality as if each individual's choices are inde- 
pendeat of their expectation of others’ 
choices. Thus, cost functions for each cattle 
owner are assumed separable in their argu- 
ments. Third, and most important, because 
individuals are assumed to act independently, 
the property rights paradigm abstracts from 
the crucial problem of each person’s uncer- 
tainty about the actions of others. 

The ‘irst of these problems is empirical. The 
next tvo are theoretical and require further 
elaboretion. This may be provided with the 


! The irherent inefficacy of common (‘‘communal’') property 
-egimes ir the property rights paradigm is expressed clearly by 
Demsetz. Demsetz asserts the ‘‘great disadvantage” of common 
property, since "the maximization of the value of communal 
property tights will take place without regard to many costs, 
because tLe owner of a communal right cannot exclude others 
from enjoving the fruits of his efforts and because negotiation 
costs are to high for all to agree jointly on optimal behavior” (p. 
556). 

? North and Thomas (p. 234), for example, describe the eco- 
nomic state of traditional pre-agricultural societies as one in which 
"[T]he naural resources, whether the animals to be hunted or 
vegetation 10 be gathered, were initially held as common property. 
This type of property right implies free access by all to the re- 
source" (р. 234). 
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familiar prisoners’ dilemma game. Its logical 
similarity to the common property approach in 
the property rights paradigm highlights the 
shortcomings of the latter in analyzing exter- 
nality problems. The prisoners’ dilemma, 
when generalized to more than two actors, is 
also known as the isolation paradox. The basic 
result is that collective decisions by indepen- 
dent actors produce inferior outcomes, unless 
an enforceable rule is imposed from outside 
the group. To the property rights school, this 
rule involves private, exclusive use-rights to 
the resource. 


The Isolation Paradox: Independent Choice 


The prisoners’ dilemma is illustrated in the 
following gain-loss table. 





First Prisoner Second Prisoner 





Not 
Confess Confess 
Not Confess (1,1) (10,0) 
Confess (0,10) (5,5) 


"Confess" or ‘‘not confess" represent the 
choices (or strategies) open to each of two 
prisoners. The ordered pairs indicate the 
number of years in prison which will result 
from a particular coincidence of choices. 
Imagine that the the prisoners are interrogated 
independently. Both know that if neither con- 
fesses, they will receive short sentences and 
spend a year in prison (1,1); if one confesses 
and turns state’s evidence, he will be released, 
and the other will receive a heavy term of ten 
years (1,10), (10,0). If both confess, each gets 
five years (5,5). Assuming mutually distin- 
terested motivation, the most reasonable 
course of action, represented by the pair (1,1), 
is unstable. To protect himself, if not to fur- 
ther his own interests, each has a sufficient 
reason to confess, whatever the other does. 
‘Rational’ decisions by each prisoner indi- 
vidually make both worse off. Even if com- 
munication between the individuals results in 
an agreement to observe choice (1,1), both 
have an incentive to break it (Sen). Even in 
repeated plays, the incentive always is to de- 
fect (Weintraub). Therefore, the noncoopera- 
tive pair, (5,5), is a Pareto-inferior equilib- 
rium. 

Now imagine a community of N individuals 
who must graze cattle on a common range of 
fixed size. Each individual must choose to do 
one of two things. One is ''stinting," or limit- 
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ed grazing on the commons. The second is 
grazing at a level which, while advantageous 
to the individual, ultimately results in exploita- 
tive overuse of the commons. If each individ- 
ual formulates his grazing decision indepen- 
dently, the result is an N-person variation on 
the prisoners’ dilemma. The cost of grazing to 
each individual is а function of the grazing 
decisions of all N individuals. If all cooperate 
and stint, then the common range is preserved 
and cattle remain healthy. Yet independently 
(even with communication), each individual 
has an incentive to defect and graze heavily in 
the near-term, overexploiting the range in the 
long run. Each individual believes that he will 
receive a higher profit if he grazes at an 
exploitative level rather than stints. The incen- 
tive structure is such that it does not matter . 
which strategy the others choose. Therefore, 
grazing at an exploitative level strictly domi- 
nates stinting for each individual. Hardin, in 
his original article on the tragedy of the com- 
mons, wrote: 


The rational herdsman concludes that the only sensi- 
ble course for him to-pursue is to add another animal 
to his herd. And another . . . But this is the conclusion 
reached by each and every rational herdsman sharing 
the commons. Therein is the tragedy. Each man is 
locked into a system that compels him to increase his 
herd without limit—in a world which is limited. 
(Hardin and Garrett, p. 20; Science, p. 1244) 


Curiously, it is individuals' independence that 
"locks them into" the tragedy. This is the 
same outcome Demsetz and the property 
rights school claim as the inevitable result of 
common property. The main features of this 
paradox are 

(a) Pareto-inferior outcome. Each individ- 
ual will choose independently to graze at an 
exploitative level, leading to a situation in 
which all are made worse off. All are led to- 
ward this noncooperative equilibrium. 

(b) Strict dominance of individual strategy. 
The result of overgrazing arises independently 
of the expectations of each individual regard- 
ing the actions of others. Because the choices 
of each are logically independent, there is no 
problem of uncertainty about the actions of 
others. 

(c) Need for enforcement. Even if an 
agreement is struck that specifies all will stint 
on the range, the strict dominance of individ- 
ual strategy makes such an agreement unsta- 
ble. Without compulsory enforcement im- 
posed by an outside authority, any such 
agreement is uns:able because each prefers 
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that the others stint while he defects ard 
grazes exploitatively (Sen). 

Even if individuels attempt to develop 
cocperative rules to enforce stinting they can- 
not resolve their problem because nobody has 
an incentive to keep such agreements. As a 
result, an enforceable rule must be imposed 
from outside. Institutional rules are viewed zs 
exogenous to the problem at hand. Private 
property rights are consistent with this formu- 
lation because they can be imposed from out- 
side, as with the parliamentary acts of enclc- 
sure. Because this approach starts from the 
(not always obvious) presupposition that indi- 
viduals pursue strategies independent of the 
expected actions of others, the appropriate 
decision unit must be the private individual 
user. Also consistent with the strict domi- 
nance of individual strategy is the strong as- 
sumption that rational individuals will hus- 
band and conserve their own private range 
area at a rate consistent with the time prefer- 
ence of society as a whole. 

If this formulation is correct, then only by 
imposing private property rules from outside 
can the group optimize its grazing. Any other 
alternatives are unstable because of the strict 
dominance of individual strategy. 

This approach confounds situations of oper: 
access with those of common property, be- 
cause its noncooperative assumptions leave 
no place for cooperative rules unless they are 
impcsed and enforced from outside. The sec- 
ond objection is that this game structure treats 
externalities as if all cattle grazers behave like 
Robinson Crusoe. This implies ‘‘separability”’ 
of individual cost functions which, I will show 
below, is extremely implausible. The third, 
and crucial, objection is that by assuming the 
independent formulation of each individual's 
strategy, this approach does not deal with un- 
certainty regarding the actions of others. I 
argue that uncertainty is the major motivating 
force in overexploitation of common property 
resources. 


External Costs: Separable and Nonseparable 
Cases 


Imagine two representative cattle owners each 
of whom grazes cattle on a common range.? In 


? The exposition of separable and nonseparable externalities 
follows that of Davis and Whinstan, although I have adapted their 
arguments to the case of profit-mzximizing individual cattle graz- 
ers. 
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a ccmpetitive situation, each individual cattle 
owrer has a cost function for grazing on the 
common. They are 


(1) Ci; = С,(41, дә), 
C, = Cs(qi, q2), 


whe-e C, and C, are costs to owners 1 and 2, 
resp:ctively, 9: is head of cattle grazed by 1, 
and 4, is head of cattle grazed by 2. These 
ownzrs are linked to each other through their 
indiv-dual cost functions which reflect exter- 
nal c seconomies of grazing. Increases in cat- 
tle g-azed by 1 impose additional costs on 2, 
and rice versa. If each individual maximizes 
profis from cattle holding, they will equate 
price vith marginal cost: 


2) _ ӘС, _ ӘС, 


д4: дд» | 


The ~elfare associated with cattle production 
on thz common can be measured by the differ- 
ence between social benefit and social cost. In 
a corretitive situation, social benefit can be 
meas.red for the two owners by their total 
reverie, 





total revenue = p(q, + qo). 
Social costs can be measured by total costs, 
tctal costs = Ci(qi, q2) + Co(qi, Ф). 


To m:ximize welfare, the joint profit function 
of the two individuals must be maximized, 
where 7 signifies joint profit, and m, and л» are 
the profit functions of the cattle owners: 


(3) п= т + m, | 
P(Q + G2) — Ci(di. дә) — С(91, q2). 


First-crder conditions for а maximum аге 


Ii 














dy 7 eye бс С 
д8; дд\ д: 
oT _„_ 9001 _ 8G _ 9 
да дд, д4» 
Second-order conditions for a maximum are 
Ohr o^ 
5 — < 0, < 0, апа 
= 3q? ðq? 








ёт ёт r \2 
Idi 
oq; 94 94199 
An ex zrnality arises when either 


3C; + О ог 9С # 0, 
ðqı 94 


(6) 
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since (2) and (4) will not then coincide. Profit 
maximization by each individual will not give 
the greatest net social benefit possible because 
of the external effects of one’s cattle on an- 
other’s costs. For completeness, note that 
these external effects are diseconomies, so 
that 


(7) 








This much is standard. 

A function is said to be separable if and only 
if 
(8) fon, x2) = Аба) + Б). 


Consider the case in which the cost functions 
of the individuals are interrelated by external 
diseconomies but are separable in their argu- 
ments: 


(9) | С, (9, 4) = А" + Biz", 


С,(9:, 4) = Ад" + В}. 
Profit maximization is given by 








(10) 
9C, = ПА"! 
ðq 
Е 9C; = 7-1 
да» РАз2 


The key result is that each individual’s margi- 
nal cost in the separable case is given entirely 
in terms of own cattle: q, for 1 and д, for 2. 
Davis and Whinston have shown that this re- 
sult is formally equivalent to the strict domi- 
nance of individual strategy. Consistent with 
the noncooperative nature of the isolation 
paradox, if each individual formulates his de- 
cision independently, then his appropriate de- 
cision rule for profit maximization is ‘‘price 
equals marginal cost," as in (10). 

A separable cost function leads to the same 
result as the prisoners' dilemma. Since margi- 
nal cost to each individual is defined entirely in 
terms of own cattle, then whatever the actions 
of the other individual(s), there is a unique 
number of own cattle that maximizes each in- 
dividual's profit. This is no more than a re- 
statement of the strict dominance of individual 
strategy. In sum, separability implies the 
dominance of individual strategy (Davis and 
Whinston). 

The effect of separable externalities in graz- 
ing is simply to shift the total cost curve of any 
individual grazer by a constant equal to the 
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magnitude of the external effect. Because 
marginal conditions are unaffected, the opti- 
mal number of cattle for each individual re- 
mains the same. A tax or subsidy scheme may 
then be used to correct the price system ac- 
cording to the classical prescription (Pigou, 
Meade). Davis and Whinston note that ''the 
typical cases (of externality) with which the 
classical analysis has been concerned have, in 
fact, assumed the condition of separability” 
(p. 245). My purpose in treating separability in 
such detail is to show that approaches based 
on the strict dominance of individual strategy, 
such as the property rights paradigm, also as- 
sume separable individual cost functions. 

When the assumption of separability is 
dropped, elements of interdependence and 
uncertainty are introduced which become 
difficult to handle with traditional tools and 
concepts. Because separability is formally 
equivalent to strict dominance of individual 
strategy, dropping separability implies inter- 
dependence of individual choice. Each indi- 
vidual bases grazing decisions on the expected 
actions of others. 


Nonseparable Externalities 


The joint use of a common grazing area is not a 
separable decision. Choices to graze cattle on 
a common range are not made by each owner 
in a vacuum. Rather, they are conditioned on 
expectations of the likely behavior of others. 
The common range has tied their welfare and 
decision making together (Netting, Rhodes 
and Thompson). In the nonseparable case, the 
externality enters the cost function of each 
individual in a multiplicative rather than an 
additive way, so that 


(11) Дл, xs ) A Лоа) + Ae). 


For example, consider two cost functions for 
representative cattle owners of the following 
form: 


(12) Cildi д) = Ала," + Bigiqz", 

С,(9:, q2) = Азд + Вд2' 1°. 

Profit maximization by each individual implies 
that 

9C, 
aq: 


as well as that 


3) p= сз 
92 


р = = пА: "7! + В, а", 





= FÁsqsy + Boge" q,'. 
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In contrast to the separable case, marginal 
cost is affected here not only by the variable 
under control of the individual, but also by the 
other's choice variable. Because each per- 
son's marginal conditions for profit maximize- 
tion are affected by the grazing decisions cf 
others, there is no well-defined decision rule 
for each individual. Externalities will not sim- 
ply shift total cost by some constant. as in the 
classical, separable case. Instead, it is likely 
that the changed marginal cost to each indi- 
vidual caused bv the actions of others will 
alter the slope of the total cost curve along its 
entire length. This is more plausible. We 
would not expect that grazing on a common 
range of fixed size would involve a constan: 
externality independent of the number of cat- 
tle put on the range. One cattle owner's deci- 
sion to graze cattle generally will depend or. 
his expectation of the behavior of others. 

In game-theoretic terms, this strategic in- 
terdependence implies that the strict domi- 
nance of individual strategy no longer holds. 
Eack individual must take into account the 
actions of others in his decision to graze cattle 
on the commons. This defines the problem of 
the commons as decision making under uncer- 
tainty. This uncertainty, arising from the in- 
terdependence of choice, suggests a logical 
structure differen: from the separatle case. 
Nonseparable externalities imply an alterna- 
tive game structure. 

In nonseparable choice problems, there is 
no unique solution for each individual. Be- 
cause of the interdependence of choice and the 
resulting changes in the marginal conditions 
for profit maximization, the classical tax- 
subsidy solution breaks down because of the 


"twists" likely in the total cost curves. The. 


presumed advantage of private property, 
whict. is rooted in the strict dominance of in- 
dividual strategy, can no longer be justified on 
these grounds. Strict dominance no longer 
holds. In the nonseparable case, the imposi- 
tion cf private property is an attempt to im- 
pose separability on an inherently nonsepara- 
ble externality. If it is to succeed, it involves 
creating a set of independent agents out of a 
community of individuals. While this may be 
one possible solution, the absence af strict 
individual dominanze does not commend it as 
the only one. And the transactions costs likely 
to be incurred will not be trivial. Advocates of 
independent decision making may promote 
more costly responses to externalities than 


Amer. J. Agr. Econ. 


necessary by neglecting the interdependencies 
whica exist. 

Hence, nonseparabilities suggest that the 
main problem of common property exter- 
nalitiss is uncertainty. This view is held by 
Dasgupta and Heal, who note that, "contrary 
to what is often claimed, the problem of ‘the 
common' and the resulting suboptimality of 
the market equilibrium are not formally identi- 
cal tc an N-person version of the prisoners' 
dilemma game” (p. 59). They also argue that 
the N-person prisoners' dilemma is erroneous 
because it is characterized by dominant strat- 
egies by each agent. Properly formulated, the 
commons problem involves the interdepen- 
dence of agents, such that it is in the interest of 
each to restrict output (to stint on the range) if 
that is the only way to get other agents to do 
likewse. Hence, ''the guilty party is not the 
profit motive per se. Rather, it is the economic 
and legal environment in which the profit mo- 
tive is allowed free play” (Dasgupta and Heal, 
p. 63) 

This renewed emphasis on the economic 
and legal environment places the problem in 
an ins itutional context. It also permits refor- 
mulation of the problem of the commons. This 
problem of cooperation, in game-theoretic 
terms, is known as the ‘‘assurance problem.” 


The A:surance Problem: Interdependent 
Choice 


The assurance problem (Sen) is an amended 
versior. of a game called “the Battle of the 
Sexes,’ discussed by Luce and Raiffa and 
Bacharach. This two-person cooperative game 
has the following payoff matrix, representing 
the gaias and losses of two individuals. The 
man w:shes that they go together to the dog 
races; ihe woman wishes that they go to the 
ballet. 3ut each of them prefers to go together 
to either of these activities rather than to sepa- 
rate errertainments. This game of pure strat- 
egy pers has two equilibrium points, both 
going to the ballet or both going to the dogs. 


Man Woman 


Ballet Dogs 


(—1,—1) 
(2,1) 





Ballet 
Dogs 


(1,2) 
(-1,- 1) 





The same is not one of conflict, like the 
prisoners’ dilemma. It is a cooperative game 
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because there is no dominant strategy for 
either individual. Hence agreements, once 
made, contain no incentive to defect; both par- 
ties gain from adhering to the rules. The prob- 
lem is assurance regarding the other person’s 
intended action. The man and woman must 
correlate their expectations and cooperate 
through some rule which assures them that 
wherever they go, they will go together. The 
payoff matrix may be expressed graphically 
(fig. 1). | 

The shaded portion of the graph describes 
the outcomes which the individuals can 
achieve without cooperation by choosing their 
strategy independently, as in the prisoners’ 
dilemma. This shaded portion may be derived 
more formally so as to illustrate the distinction 
between the prisoners’. dilemma and the as- 
surance problem. By formulating ‘‘mixed 
strategies" of the two and their associated 
payoffs, it is possible to trace out the convex 
hull" shown in figure 1. This convex hull illus- 
trates the .gains possible from cooperative 
rules providing coordinated expectations, or 
"assurance." 

For example, suppose that she goes to the 
dogs and he picks at random from his two 
choices, as shown in the payoff matrix above. 
Then his. and her payoffs are given in the graph 
by the line LJ. Say that she goes to the dogs 


2 
PAYOFF TO 
MAN 





Payoff space: the battle of the sexes 


Figure 1. 


assurance problem 
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and he picks with probabilities half and half. - 
His expected payoff is 


1/2 x 2+ 1/2 x (-1) = 1/2. 
Her payoff is 
1/2 x 1 + 1/2 x. (-1) = 0. 


This gives the payoff pair of (1/2, 0), shown 
as the point N. Alternatively, suppose that 
each tosses an unbiased coin and goes to the 
dogs if it comes up heads. Then each of the 
four pure strategy pairs shown in the payoff 
matrix has a probability (1/2)? = 1/4. His ex- 
pected utility and hers are the same: 


1/4(2) + 1/4(-1) + 1/4(—1) + 1/4(1) = 1/4. 


This gives the payoff pair (1/4, 1/4) at point F. 
The process can be continued with various 
probability combinations to trace out the con- 
vex hull. The important point is that when the 
choices of each are made independently, as in 
the prisoners’ dilemma, it can be shown for- 
mally that the attainable set is only the shaded 
region of figure 1. This is the noncooperative 
attainable set. 

However, cooperation enlarges the attain- 
able set to include the entire area bounded by 
LKJN. In the assurance problem, the attain- 
ment of cooperative solutions such as point М 
requires coordinated strategies. These can 
arise only when the players’ choices are in- 
terdependent and, recognizing it, the players 
devise a rule that provides assurance regard- 
ing the expected actions of others (Schelling, 
Bacharach). 

The assurance problem provides a formal 
way of looking at interdependence and uncer- 
tainty associated with nonseparable exter- 
nalities. Coordinated strategies evolve inside 
the structure of the game. In this sense, they 
mirror institutional rules which, by providing 
assurance, extend the set of possible solutions 
to allocation problems. By providing security 
of expectation, or assurance, reliable institu- 
tions are endogenous responses to the uncer- 
tainty of social.and economic interaction 
(Taylor, Schotter, and Schelling). 


Institutional Rules and Common Property Ex- 
ternalities in Grazing 


The structure of the assurance game describes 
the problem of common property externalities 
in grazing. Its nonseparable character chal- 
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lenges the notion of strict individual domi- 
nance. It is more plausible to treat these ex- 
ternalities as problems of interdependence and 
uncertainty. Although Pareto-superior solu- 
tioas may not be achieved, this structure— 
in contrast to the N-person prisoners' di- 
lemma—does not make such solutions per- 
petually susceptible io defection and, there- 
fore, inherently unstable. 

The structure of the N-person prisoners’ di- 
lemma may be transformed into an assurance 
problem by dropping the assumption that indi- 
viduals formulate their choices inde»endent of 
the expected choices of others. When each 
individual expects everyone else to stint, that 
individual will stint, too. This has long been 
noted as an adaptive response in stable pas- 
toral grazing economies (ВгоКепѕћа, 
Horowitz, Scudder; Netting; Rhodes and 
Thompson). On the other hand, if each ex- 
pects others to graze exploitatively, then each 
will also have reason to do so. Ir order to 
achieve the Pareto-superior outcome of range 
preservation through stinting, a ccordinated 
strategy must be devised according to some 
set of rules or institutions. 

Approaching overgrazing as an assurance 
pro»lem provides striking perspectives in both 
analytical and policy terms. The strict domi- 
nanze of individual strategy no longer holds. 
Corsistent with the nonseparable common 
property externality, expectations of others’ 
choices must be entered as a formal part of the 
determination of one’s own choice. No indi- 
vidual can decide the preferred grazing strat- 
egy until it is known whether or not cthers will 
stint. A Pareto-inferior outcome no longer 
holcs; if everyone is assured that the others 
. will stint, then it is in their individual interest 
to do likewise. This outcome is nct Pareto- 
inferior, since stinting is preferred by all in 
such a situation. If some assurance regarding 
the actions of others is provided, via an in- 
stitutional rule, it is possibie to achieve multi- 
ple equilibria in the extended ‘convex hull’’ of 
the attainable set. The lack of a dominant 
strategy for each individual cattle owner 
means that there are a variety of alternative 
solu-ions possible through cooperative action. 
Precisely which will be taken depends on indi- 
viduals’ bargaining power, their initial en- 
dowment of resources, their culture, climate. 
and so on. Analytically, the assurance prob- 
lem's solution is an ‘‘equilibrium core” (Scarf, 
Shapley and Shubik). Unlike the prisoners’ 
dilemma, cooperative solutions offer no incen- 
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tive to defect. This suggests that institutional 
rules providing complete assurance are self- 
reinforcing; the incentive to keep them is that 
Pareto-superior solutions are attainable via 
cooperation which are unavailable otherwise. 
The key element determining the success or 
failure of institutions is therefore the extent to 
which they foster coordinated expectations 
(Ullman-Margalit). 

It is hypothesized that the function of in- 
stitu-ional rules is to parameterize expecta- 
tions of the likely behavior of others. More 
precisely, ‘‘assurance’’ may be expressed in 
terms of the parameters describing—for each 
individual—the moments of a subjective prob- 
ability density function over others' contribu- 
tion to a public good. The moments of this 
function identify the expectation of stinting by 
others, the variance around this expectation, 
and (he pessimism or optimism (skewedness) 
associated with it. Whether rational, self- 
interested individuals contribute to range qual- 
ity bz holding cattle off the range depends on 
the lixelihood they attach to the level of volun- 
tary contributions by others (Frohlich and 
Oppenheimer). The moments, notably the 
variance, of these density functions describe 
the level of assurance regarding these actions. 

Th» virtue of institutional rules is that they 
are a relatively low-cost '*shorthand'' describ- 
ing this expected behavior. Suppose that tri- 
bal :radition—the result of long-standing 
agreement—is such that each grazer is ex- 
pected to stint at an arbitrary level (g*). The 
result of this institutional rule is to formalize, 
for ezch grazer j, the expected actions of oth- 
ers a: level q*. Each expects the others to 
graze at level q*, and, with this assurance, 
agrees to do the same (Brubaker). The rule 
extends the set of Pareto-superior allocations 
availeble to the tribe by preserving the range. 
Since communication and transactions needed 
to acaieve cooperative institutional rules are 
not costless, agreement on the ‘‘shorthand”’ 
rule for grazing at q* provides its own incen- 
tive їо be retained as a tribal tradition. 

A rumber of authors (Taylor; Frohlich and 
Oppeaheimer; Frohlich et al.) have shown 
that zn approach based on this interdepen- 
dence of choice in the provision of public 
goods alters the conventional view of en- 
forcement and the ‘‘size of the group." In 
particular, it challenges the well-known results 
of Olson, Buchanan (1968) and Russell Har- 
din, ir which public goods, such as range qual- 
ity, ace seen as prisoners' dilemmas. These 
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conclusions, which depend on separability of 
individual cost functions, imply that expecta- 
tions regarding the likely choices of others are 
not important, because for each, the strategy 
of not cooperating (i.e., exploitative overgraz- 
ing) is dominant. The only situation in which 
voluntary cooperation might be expected is 
when the group is small. Strictly speaking, 
even in small groups, the strategy of defection 
is still dominant without enforcement from 
outside. ; 

If individuals’ choices are interdependent, 
these results do not hold except under special 
assumptions about the shape of utility, cost, 
and production functions of the individuals 
(Taylor, Frohlich et al.). If expectations about 
the choices of others are relevant, then coor- 
dinated expectations are sufficient to generate 
voluntary contributions to a public good, in- 
dependent of group size or outside enforce- 
ment (Frohlich and Oppenheimer, Marwell 
and Ames, Smith, and Bonacich et al.). 

The relationship between the assurance 
problem and group size is that an individual’s 
subjective estimation about the expected ac- 
tions of others, notably its variance, generally 
would be expected to increase with the group 
size along with transactions and communica- 
tions costs of finding an appropriate coordinat- 
ing rule. But this is not true in every instance. 
The benefits derived from finding such a rule 
also might be expected to increase with the 
number of contributors, as would the oppor- 
tunity cost of finding alternative rules.4 The 
critical point is that institutions may succeed 
or fail whether the group is large or small 
(Taylor, p. 25). 

A further point is the need for enforcement 
from outside the group. In principle, if institu- 
tions provide complete assurance, enforce- 
ment from outside the group is neither neces- 
sary nor sufficient for stable rules which insure 
nonexploitive grazing. A cooperative institu- 
tional rule providing complete assurance im- 
plies a total lack of uncertainty regarding the 
grazing behavior of others. Expectations are 


perfectly correlated, so that each individual's : 


expectation of others' actions is concentrated 


* Buchanan (1968, р. 91) was forced to conclude that "during 
period of extreme stress, such as was apparently evidenced by the 
British during World War II, behavior characteristic of small 
groups may have extended over almost the whole population.” 
Smith conciuded from an extensive series of recent experiments in 
public goods provision that ''there appears to be no systematic 
effect of collective size or experience on the quantity of the public 
good provided’ (p. 592). Similar results have been reported by 
Marwell and Ames, and Bonacich et al. 
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around a particular level of grazing such as q*. 
This is a limiting case, requiring perfect infor- 
mation and the absence of transactions and 
communications costs (Elster, pp. 20-23). 
These assumptions create a ‘‘perfect’’ solu- 
tion to the assurance problem which is the 
institutional analogue to ‘“‘perfect competi- 
tion." In such situations, individuals have a 
sufficient incentive to contribute to range qual- 
ity, without any need for outside enforcement 
(Frohlich et al., p. 328). 

But what prevents someone from ignoring 
the rule at the expense of the others by “‘riding 
free"? The answer is that the benefits possible 
in the short term may be more than offset by 
costs arising within the group from breaking 
the institutional rule. In the absence of strictly 
dominant individual strategies, recognized in- 
terdependence makes the costs of reputation 
loss high. Pecuniary costs imposed by the 
group on its own noncooperative members 
also may occur (Akerlof). ‘‘Not to be trusted" 
in one circumstance may lead to a general loss 
of reputation, much like losing one's credit 
rating. These costs, plus reductions in the at- 
tainable set if such antisocial behavior ''sets a 
trend” for others, plus the opportunity costs 
of innovating new rules, may well exceed the 
expense of stinting on the range. Because de- 
fecting or free-riding is not a strictly dominant 
strategy, enforcement is not a logical neces- 
sity. 

This does not deny that in cases in which 
strategies are imperfectly coordinated (for 
whatever reason), enforcement from outside 
may help to achieve Pareto-improvements. 
For example, if cooperative agreements had 
led to a solution, such as point Y in figure 1, it 
might then be necessary for some enforcement 
from outside the group to move beyond point 
Y in the direction of line KMJ. This enforce- 
ment level would be significantly less than that 
required in a noncooperative environment. By 
allowing individuals full cooperative play, en- 
forcement costs may be reduced. After 
exhausting cooperative rule-making potential, 
it may then be necessary to bind people by 
recourse to outside rules. But one should not 
jump, as in the prisoners' dilemma, to the con- 
clusion that all such rules must be imposed 
and that people are not capable of binding 
themselves, like Ulysses, for their mutual ben- 
efit (Elster). The lesson of the assurance 
game is to let individuals have full freedom to 
innovate. self-binding rules which best serve 
their needs before enforcing rules from out- 
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side. Rules will be better suited to the needs of 
the group (whatever its size) and more likely 
to succeed if based on this premise. These 
rules may come in many shapes and rorms, not 
all of which are familiar. The institutional op- 
portunity set of solutions to externalities is 
much wider than we think, and private prop- 
erty is only one. 

Finally, enforcement from outside the group 
is not a sufficient condition for preservation of 
a public good such as range quality (Frohlich 
and Oppenheimer). The problem is that there 
is rothing to prevent the enforcing authority 
from abusing its position and putting control of 
land in the hands of a favored few with no 
interest in preservation or range quality. Any 
enforcement mechanism operating from out- 
side designed to coerce provision af a public 
good must invoke a higher author-ty for its 
legitimacy. But this legitimacy is also a public 
good. Land grazing may be privatelv held and 
land titles enforced, but the ‘‘free-ricer’’ prob- 
lem will remain without cooperative institu- 
tional rules providing assurance within the 
group. 


Conclusion 


The assurance geme suggests that ccoperative 
institutional rules are endogenous adaptive re- 
sponses to the problem of uncertainty about 
the expected actions of others, and that en- 
forcement from cutside is a second-order solu- 
tion if these cooperative strategies are ineffec- 
tive. The occurence or inferior outcomes, such 
as overgrazing, does not necessarily arise 
from the strict dominance of independent in- 
dividual ‘strategy. Rather, overgrazing results 
from the inability of interdependent individ- 
uals to coordinate their actions. In the pastoral 
grazing context, population growth, techno- 
logical change, and climate changes make all 
such coordinatec action more Oe than in 
more static settings. 

Although I have focused on the role of in- 
stitutional rules and assurance in problems of 
overgrazing, there are other common property 
externalities in which assurance problems may 
be even more important. With underground 
oil, coal, natural gas, or water, or with prob- 
lems of air or above-ground water pollution, cr 
with fisheries, it is simply infeasible to impose 
private property schemes since the common 
resource pool cannot be divided into discrete 
pieces. In these cases, the role of ccoperative 
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institutional mechanisms providing assurance 
takes on additional significance. 

A «ey issue in this discussion is the way in 
whic. individual choice is modeled. Whether 
individuals are independent or interdependent 
is ап empirical matter, but it is not without 
implications. Although everyday experience 
supports the interdependent view, the notion 
of “methodological individualism’’ has some- 
times been used to support the argument that 
man is an independent actor, like Defoe’s 
Robiason Crusoe. This view has deep intellec- 
tual -oots, stretching back to Hobbes, and 
even earlier (Gonce). Yet Hayek noted that: 


Far from being opposed to voluntary association, the 
case of the individualists rests, on the contrary, on 
the zontention that much of what in the opinion of 
marry can be brought about only by conscious direc- 
tion. can be better achieved by the voluntary and 
spontaneous collaboration of individuals. The consis- 
tent individualist ought therefore to be an enthusiast 
for voluntary collaboration—wherever and whenever 
it dces not degenerate into coercion of others or lead 
to the assumption of exclusive powers. (p. 16) 


Traditional analysis, treating social choice 
as the product of aggregated independent indi- 
viduel choices, is given a much richer interpre- 
tation through the assurance game. Yet as 
Mishan noted in his survey of the externalities 
literature, ‘‘economists respond to the real 
world with a time lag, initially making use of 
more familiar, if less relevant, bits of ap- 
paratus" (p. 1). The familiar assertion of the 
strict dominance of individual strategy, 
reflected in the prisoners’ dilemma, needs to 
be replaced with a richer framework. 

Th.s is not an argument against private 
property rights. Such rights may be an entirely 
appropriate institutional form, especially in 
societies based on the law of contract. But 
they are not the only institutional alternative 
nor tae best in all circumstances. 

The property rights paradigm, predicated in 
strict y individual strategies, misdiagnoses the 
grazing problem. By failing to recognize the 
endogenous character of property institutions 
caused by the interdependence of choice, it 
supports solutions which may be poorly suited 
to treditions of pastoral grazing societies. By 
seekiag institutional rules imposed and en- 
forced from the outside, it has promoted 
costly, top-heavy institutional regimes which 
restrict the potential for cooperative action. 
One example of such cooperative action is 
common property. The strict dominance of 
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individual strategy leaves no place for such 
solutions. 

In the rapidly evolving economies of the 
developing world, a palpable uncertainty grips 
efforts to solve problems of growing popula- 
tions and stagnant agricultural production. 
Traditional common property institutions may 
no longer suffice. However, efforts to impose 
institutions even more alien to the traditional, 
cooperative rules of a society may be pro- 
foundly destabilizing. If private property re- 
gimes fail as a solution in these societies, it is 
because they do not solve the problem of as- 
surance. 

Such assurance may require a decentralized 
approach to institution building based on the 
institutional norms and conventions of tradi- 
tional cultures. Cooperative solutions are 
most likely to succeed where the locus of deci- 
sion making is a relatively small, cohesive 
body. This is so, not because of the ‘‘size of 
the group" per se, but because assurance 
about the actions of others is largely a matter 
of information conveyed via transactions and 
communication. Information, organized as a 
set of rules, reduces uncertainty. In a larger 
sense it is information, rather than capital, that 
is the scarcest factor in rapidly changing ag- 
ricultural societies. The free flow of informa- 
tion, and cooperative institutions which pro- 
mote it, are most likely to occur at a relatively 
decentralized level. 

Of course, enforced regulation from outside 
may still be needed. Since enforcement is ex- 
pensive vis-a-vis voluntary cooperation, it 
should be a second-order solution. 

It is ironic that the Hobbesian view of man’s 
fate as a ''war of all against all," so deeply 
imbedded in a strictly individualistic interpre- 
tation of economic choice, should lead prop- 
erty rights advocates to conclude that solu- 
tions to overgrazing must be imposed from the 
outside. The isolation paradox should be care- 
fully analyzed by development planners and 
aid donors who are bent on exporting institu- 
tional forms which are a product of our own 
extraordinary history. 


[Received November 1980; revision 
accepted May 1981.] 
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Food Product Proliferation: A Market 
Structure Analysis 


John M. Connor 


The frequent introduction of avowedly novel products is a common marketing strategy of 
leading food manufacturers. Over half of all new packaged consumer goods are foods or 
beverages, yet little is known about the amounts, patterns, and causes of product 
proliferation. Alternative definitions and analytical models of product proliferation are 
reviewed, focusing on those derived from Hotelling spatial-equilibrium theory. A simple 
regression model is used to test the relationship of market structure to the number of new 
food products introduced. The results verify that food product proliferation is a mode of 


industry conduct arising from markets characterized by differentiated oligopoly. 


Key words: food manufacturing, market structure, monopolistic competition, new 
product introductions, oligopoly, product differentiation, product proliferation. 


In a recent Journal article, Padberg and 
Westgren chide agricultural economists for 
failing to analyze the important topic of new 
food product introductions. As they rightly 
argue, product proliferation is one of the major 
modes of competitive conduct by leading food 
manufacturers. Yet, little is known about the 
amount and patterns of new food product in- 
troductions. Even less is understood about 
how industry structure might affect prod- 
uct proliferation, but this is not surprising 
because structure-conduct links generally 
have received scant attention by economists 
(McKie). Not only may this dimension of 
conduct significantly affect economic perform- 
ance, but also it may feed back on industry 
structure by increasing market shares of lead- 
ing firms or by elevating barriers to entry. 
Connor (1980b) has reviewed the reasons 
given by critics who regard product prolifera- 
tion as one failing of the food system. First, 
they regard product proliferation as deceptive 
because most ‘‘new’’ products are mere imita- 
tions or minor variants on existing products 
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and because they are marketed by the same 
few leading firms. Second, proliferation is said 
to exacerbate inflation because new. products 
often have higher price/quality ratios than 
existing substitutes. Third, product prolifera- 
tion entails waste in the forms of self- 
cancelling advertising, high failure rates, and 
suboptimal production levels. Fourth, the 
large number of new products introduced may 
undermine rational decisions by rendering trial 
purchase and evaluation difficult. Finally, 
product proliferation may be an anticompeti- 
tive strategy reinforcing product differentia- 
tion and raising barriers to entry. 

While some food manufacturers might favor 
a nonproliferation treaty, they mainly regard 
new product introduction as an unequivocal 
benefit for their companies and consumers. 
Major firms think that new product programs 
are essential for firm growth, financially suc- 
cessful, and likely to become more important 
in the future (Hopkins). Manufacturers aver 
that product proliferation broadens consumer 
choice and, through market segmentation, 
satisfies consumer demand more precisely. 
Product introduction is equated with new en- 
try; high failure rates are taken as evidence of 
strong competitive rivalry. (For a contrary 
view, see Abrams.) 

Though few empirical studies exist, differ- 
ing positions have been taken on performance 
implications of product proliferation. Abbott, 
for example, argues that product differentia- 
tion and product proliferation are superior 
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substitutes for price competition with homo- 
genous goods: ‘‘Non-price competition en- 
hances the competitiveness of markets un- 
less it is accompanied by barriers to imitation 
or by deceptive or diversionary advertising 
techniques" (p. 113). On the other hand, 
Scherer's (1980) summary judgment is that in 
markets where the proliferation of higher 
priced variants is the dominant mode of con- 
duct, “тоге product variety is apt to mate- 
ria'ize than the amount that maximizes social 
welfare” (p. 262). 

This paper examines the extent of product 
proliferation among manufactured food prod- 
ucts, its relationship to the market structure of 
the food-manufecturing sector, and some em- 
pir:cal determinants of new food product in- 
troductions. Economic theory suggests that 
prcduct proliferation is an expected outcome 
in industries displaying a lack of ‘‘hard’’ or 
price competition. A model is tested to dem- 
onstrate that departure from competitive mar- 
ket structures are conducive to high levels of 
proliferation among processed food product 
classes. Finally, there is a brief discussion of 
the implications for consumer welfare. 


The Concept of Product Proliferation 


The term product proliferation is rather new 
and variable in usage. In this paper I use the 
terras "product proliferation," ‘пем product 
introductions," ‘‘new product development," 
and ‘‘product-space packing'' more or less in- 
terchangeably. (This usage is consistent with 
Scherer's 1980 revised textbook.) A common 
conzept underlying most discussions of the 
sub:ect involves a spatial analogy. That is, any 
given item can be categorized according to 
several attributes or dimensions; each dimen- 
sion defines a product-attribute space that 
usually holds some empty or unfilled seg- 
ments. Product proliferation consists of 
‘filling’ or making the space denser. 
Product proliferation can be thought of as 
either a stock (state) or flow (rate). First, for a 
given well-defined market at a point in time, 
the level of procuct-space packing could be 
measured by a count of the number of vari- 
ants in distribution or that number normalized 
to: market sales. Second, product proliferation 
can be conceivec as the gross or net flow of 
product variants into a market over a span of 
time. The number of new products introduced 
(possibly net of disappearances) could be ex- 
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pressed as a ratio by dividing by either the 
number of existing variants or total market 
sales. In this paper I generally use the gross 
rate concept of product proliferation. 

Tais spatial concept can be used to distin- 
guish ‘‘commodity-type’’ foods from physi- 
call» “highly differentiated" foods. Products 
needing more dimensions to define them com- 
pletely are more differentiated. For example: 
raw zow's milk reached the urban consumer of 
the early nineteenth century with only three or 
four dimensions (color, creaminess, fresh- 
ness, and possibly water content). Milk was 
unpesteurized, unpackaged, unflavored, and 
unavailable in multiple butterfat levels. It had 
multiple end uses. Today, milk is more differ- 
entizted because, in addition to being branded, 
it is packaged in three or more sizes, three or 
more butterfat levels, and plain or chocolate 
flavcred. As a result, most grocery stores 
carrv at least a dozen fluid milk items. In addi- 
tion, milk is now available in canned and dried 
forms that have more limited uses. Although 
fluid milk has been subject to modest product 
prolizeration in the last one hundred years, it 
remains among the least differentiated of pro- 
cessed foods. 

More differentiated products exhibit as many 
as ten dimensions. The attribute axes can be 
either continuous (e.g., sweetness) or discrete 
(e.g. type of packaging). For example,.to 
adequately identify a particular ready-to-eat 
breakfast cereal the following information is 
needed: (a) basic ingredients, (b) preparation 
method, (c) shape and color, (d) organolep- 
tic p-operties, (e) flavorings, (f) packaging, 
(g) tine of manufacture, (л) intended occasion, 
(i) diztary characteristics, and (j) reference or 
targe- group. Though some of these dimen- 
sions may be irrelevant for a specific food, the 
ten characteristics should fully specify most 
contemporary food products. For each seg- 
ment of the product-attribute space, there is a 
corresponding segment of potential demand. 
Changing any of these descriptors, especially 
the lest three ‘‘psychic’’ attributes, implies a 
change in the demand segment to which the 
ргойссі corresponds. If a cereal is pre- 
sweetened by frosting the flakes, then it could 
be re-azimed at another potential consumer 
group, young children perhaps. Reformulation 
implies a shift in the identity of close substi- 
tute cereals. The "'repositioned" product 
woulc now compete in the ‘‘presweetened 
children’s” segment rather than the ''low- 
sugar adult” category. 
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Product proliferation is intimately related to 
the state of the arts. With a constant stock of 
technology and fixed demand, the introduction 
of physically differentiated products eventu- 
ally would cease. In such a stationary world 
every available segment of the product space 
would become fully exploited and no addi- 
tional products could be profitably introduced 
(Eaton and Lipsey 1975). Technological 
change, however, can expand the product 
space by making additional dimensions possi- 
ble, by adding more classifications on existing 
discrete axes, or by extending the range of 
continuous axes. Thus, technological change 
can be said to be a sufficient condition for 
product proliferation. It is not a necessary 
condition, however, because some physical 
differentiation (e.g., changes in package size) 
can occur with a static technology. 

To illustrate, consider changes in kitchen 
appliance technology. The advent of the 
freezer led to the frozen replication of most 
canned goods. Microwave ovens imply the 
appearance of microwave-compatible foods 
and food packaging. Retortable pouches will 
permit another wave of proliferation. In these 
cases, technological innovation was a neces- 
sary condition for product proliferation, but 
consumer acceptance had to be won by con- 
vincing users of the inherent convenience, in- 
creased palatability, or compactness provided 
by further processing. 

In addition to proliferation due to physical 
changes, persuasive advertising can create 
subjective perceptions or psychic differences 
among products (see Connor 1981). Advertis- 
ing especially can alter the intended occasion, 
special identity, or target group of an exist- 
ing product. The increasing importance of 
psychic satisfaction relative to physical needs 
appears to be related to affluence (Galbraith). 

By dropping the fixed-demand assumption, 
product proliferation can occur even with a 
depleted technological reservoir. New de- 
mand for a particular segment of a product- 
attribute space can be generated by changes in 


1 Eaton and Lipsey extended the Lóschian location model ' 


under the assumption that demand was evenly spread over the 
space. They demonstrated that entry (new product introductions) 
can always be forestalled if the space is packed densely enough; 
conversely, entry will always occur if the space is packed loosely 
enough. By relaxing the usual Léschian assumption of zero con- 
jectural variation (i.e., they permit existing firms to have pricing 
reactions caused by entry), they derive equilibria that generate 
positive profits and barricaded entry that depend only on the den- 
sity level. 
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income, demographics, or taste. Rising in- 


‘comes may reduce consumer resistance to 


new products, most of which are higher priced 
than existing close substitutes. Smaller fami- 
lies, increased education, and more dual- 
career households probably have encouraged 
the introduction of smaller package sizes and 
convenience foods. Finally, many new food 
products have been marketed to satisfy con- 
sumer interests in low-calorie, "'natural," 
ethnic, gourmet, and snack foods. Although 
the influence of demand on product prolifera- 
tion is undeniable, it can be overrated easily. 
The mere availability of a new product creates 
some interest in it. Furthermore, new product 
promotion can shape household preferences. 
Thus, satisfactory analysis of product prolif- 
eration may require models that allow for 
simultaneity among supply and demand fac- 
tors. 

Packaging changes may be the most promi- 
nent form of food product proliferation (Ar- 
thur D. Little). It is certainly one of the most 
obvious. Packaging permits food manufactur- 
ers to offer multiple units and a nearly infinite 
gradation of sizes. More important, packages 
can deliver messages indicating possible use, 
occasions for use, and the appropriate refer- 
ence group. Thus, purchasers can be told that 
a breakfast cereal also can be used as a snack 
or baking ingredient. Packaging changes can 
induce product proliferation by expanding the 
supply space, altering corresponding demand 
segments, or changing the mappings between 
the two sides of the market. 

Two other dimensions of product prolifera- 
tion are brand and price. Neither necessarily 
implies physical differences in products, but 
either can create differences in the minds of 
consumers. Trademarks can serve to collapse 
several product dimensions for consumers. 
Thus, some trademarks like ‘‘Shredded 
Wheat” carry a nearly generic connotation for 
several physical characteristics. If alternative 
descriptions like ‘‘Woven Wheat Pillows” are 
unattractive, product proliferation in the 
ready-to-eat breakfast cereal market may be 
reduced. On the other hand, branding can fa- 
cilitate product proliferation. An example of 
brand-driven proliferation is where manufac- 
turers make multiple brands of the same prod- 
ucts. This may occur when two regional man- 
ufacturers in the same industry merge. More 
commonly, private label products are man- 
ufactured according to precise retailer spec- 
ifications, but when two or more retailers use: 
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the same specifications, then only the labels 
аге different. 

Within a well-defined category of products, 
there are likely to be fairly wide and sustained 
retail price differences, especially between na- 
tional brands znd first-line private label prod- 
ucts. While many consumers use price as a 
guide to qualitv, a reasonably thorough review 
or evidence from laboratory tests and con- 
sumer taste panels found no such relationship 
(Parker and Connor). This is also confirmed 
by two formal analyses of correlations be- 
tween price and quality ratings by Consumer 
Reports magazine for a wide array of manufac- 
tured products (Morris and Bronson; Swan).? 
Usually, wholesale price differences among 
tbe leading national brands of a given product 
are so slight that resulting retail-urit-price dif- 
ferences are nearly imperceptible to consum- 
ers. Some food manufacturers do use large 
price differences to create either a luxury or 
austere image for similar products. If they are 
extreme enough (e.g. ''premium" and 
"'euperpremium"' beers), two or more distinct 
product categories may be created. Mass- 
media advertising by food manufacturers is 
ra-ely used to inform consumers of suggested 
or actual price differences (Resnik and Stern; 
Stern, Krugman, Resnik). Of course, tempo- 
rary discounts, specials, and other deals do 
create noticeable, if brief, price differences 
which may be highlizhted in local retailer ad- 
vertising. 


Theories of Product Proliferation 


Interest by economists in the phenomenon of 
multiple products dates back at least to Hotel- 
ling's classic paper on the competitive dis- 
tribution of sellers. His model postulated con- 
sumers equally distributed along an axis rep- 
res2nting distance between sellers or some 
quzlitative aspect of a product, scch as the 
sweetness of cider. V/ith free entry and price 
competition, established sellers wiil produce 
cider of average sweetness in order to attract 
as many consumers as possible. if, on the 
other hand, entry is restricted or if the sellers 


? all the tests of quality differences cited predate the appear- 
ance of so-called generic grocery products. Like the second-line, 
privete-label items previously offered by some retzilers, generics 
typically utilize less costly irgredients and packaging. On the 
other hand, at least one majcr grocery chain sold their regular 
first-ine private label products with generic labels affixed. 
Generics are usually priced 25% to 35% less then the leading 
national brand equivalents. 
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agree to avoid price competition, then makers 
will produce ciders differentiated from each 
oter by sweetness. Competition becomes 
localized in the sense that changes in quality 
(or price) only affect the demand for adjacent 
brends. Each producer is, in effect, an 
oligopolist, with groups of adjacent producers 
serving segments of the cider market based on 
differing sweetness preferences of consumers. 

Hotelling’s spatial-equilibrium model and 
Lósch's location model have been extended 
by analogy to incorporate product (nonspatial) 
diffzrentiation.? Like sellers or plants sepa- 
rated in space by physical distance, the prox- 
imicy or distance of products in product-at- 
tribute space is a measure of qualitative differ- 
ences. Price differences are analogous to 
trarsportation costs. Numerous analyses con- 
sider various assumptions about potential en- 
trarts' expectations. These analyses have 
shown that when products are differentiated, 
even the existence of free entry may not 
suffce to eliminate excess profits (Lovell; 
Peles; Hay; Stern; Eaton and Lipsey 1975, 
197е; Prescott and Visscher). 

Scherer (1979) has developed a simple 
mocel to explain the criterion used for launch- 
ing a new consumer product. Whether or not a 
new product will be marketed depends on the 
gain in the discounted present value of pro- 
ducers' surplus relative to the fixed costs of 
introduction (research and development, mar- 
ket -esearch, test marketing, introductory ad- 
vert.sing, and additional plant capacity). The 
size of the potential producers' surplus is in 
turn affected by the market structure. Under 
Cou-not-ike reaction assumptions and free 
entr’, monopolistic competition yields higher 
surpluses than pure monopoly. Alternative as- 
sumptions about entry conditions and 
oligc polistic reactions yield different potential 
gains in producers’ surplus. The entrant's 
surpus (transfers from consumers, pure 


3'Two other theoretical approaches also have been used to 
examire product diversity. Dixit and Stiglitz adopted an orthodox 
consumer-utility framework to analyze optimal product diversity. 
Lancaster bas studied the same problem using his characteris- 
tics-prcference model. Ironmonger also used a consumer demand 
approach to analyze the impact of new commodities on demand 
elasticries and their life cycles. Though formally similar to spatial 
equilibium models, theories of consumer demand have not been 
useful for introducing market-structure characteristics on the 
sellers" side. : 

Chamberlin, Spence, and Scherer (1979) also may be consid- 
ered a distinct tradition interested in the phenomenon of product 
diversiy. Utilizing the concepts of monopolistic competition and 
Marshellian consumers’ surplus, they have attempted to measure 
or predict the social welfare impacts cf product proliferation. See 
the final section of this paper. 
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surplus, and transfers from other producers) 
varies considerably depending on the sub- 
stitutability between new and adjacent prod- 
ucts. 

Schmalensee has constructed a more for- 
mal, spatial-equilibrium model to analyze 
product proliferation in а differentiated 
food-manufacturing industry. He demon- 
strated that, if established firms collude to 
deter entry, then increasing the number of 
brands of a-given product is more (jointly) 
profitable than ''limit pricing," the strategy of 
limiting entry by lowering prices, thus sacrific- 
ing short-run for long-run profits. In an indus- 
try characterized by brand proliferation, an 
equilibrium is possible in which established 
brands earn excess profits but no potential 
entrant can profitably enter. He also deduced 
that brand proliferation deters entry by 
unbranded (private.label) imitators more ef- 
fectively than does limit pricing.^ Finally, 
Schmalensee demonstrated that excess adver- 
tising is an effective alternative to brand pro- 
liferation for deterring entry. While Schmalen- 
see's results depend on the existence of 
localized rivalry (brands are immobile in the 
sense that a repositioning in quality space is 
too costly for a seller to consider), relaxation 
of this assumption to finite repositioning costs 
does not appear to alter his conclusions 
(Eaton and Lipsey 1975). 

Another theoretical approach to product 
proliferation is ‘‘commodity bundling.” In a 
formal model developed by Adams and Yel- 
len, bundling includes products available in 
different containers, multiple unit packages, 
and ‘‘incarnations of the same product, differ- 
ing in either real or perceived quality" (p. 
475). Their model assumes a monopolist sell- 
ing either two noncomplementary products 
with equal unit cost curves or a single product 
with two separable characteristics. They dem- 
onstrate that pricing strategies can be followed 
to extract consumer surplus by sorting buyers 
into groups with. different reservation prices. 
Bundling is similar to price discrimination and 
under some conditions a more profitable strat- 


* 1п a personal communication Schmalensee notes that in the 
breakfast cereal industry, some private-label manufacturers find 
entry foreclosed because the brand has achieved a nearly generic 
identification; in these cases, attempting to identify the contents of 
a box of an imitative breakfast cereal might constitute trademark 
infringement. A related device is ''trademark banking.” This prac- 
tice consists of registering numerous variants of successful or 
potentially useful brand names far in advance of actual introduc- 
tion; most are never used. One major food manufacturer has over 
1,300 trademarks registered in the United States. 
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egy. Finally, their normative analysis of com- 
modity bundling concludes that it generally 
produces nonoptimal product quantities and 
causes a significant redistribution of income 
from buyers to sellers. 

A less formal analysis of product prolifera- 
tion is in a recent paper by Koller. He consid- 
ers product proliferation as one of the three 
most common forms of predatory conduct, far 
more prevalent today than classical predatory 
pricing. Proliferation conforms to the three 
criteria of successful predation: (a) the pred- 
ator earns quasi-rents, (b) the market is re- 
structured, and (c) rivals or buyers are made 
worse off. Consumers may be better off ini- 
tially because of the availability of new prod- 
ucts, but eventually they are worse off because 
proliferation preempts entry by actual or-po- 
tential competitors. Koller argues that, be- 
cause the investment is covert and because the 
barrier is erected as soon as the product is 
marketed, proliferation takes rivals by sur- 
prise, thereby making it generally more effec- 
tive than predatory pricing wars. Because of 
employee turnover, test marketing, and indus- 
trial spying, in actual practice secrecy is 
difficult to maintain, thus blunting the element 
of surprise. 

In sum, economic theory suggests that new 
grocery product development is primarily a 
form of nonprice business conduct whose 
roots lie in market structure. A firm that al- 
ready holds a leading position in a given mar- 
ket will find it advantageous to develop prod- 
ucts in adjacent product-space niches for sev- 
eral reasons. First, adjacent products may ap- 
peal to a new set of consumers and offer pres- 
ent consumers additional variety. Developing 
products in adjacent positions may also be an 
effective defensive strategy to maintain mar- 
ket share for a firm’s leading items (Fried- 
man). Second, the firm eventually may be able 
to offer a full line of products. A full line 
allows -a brand name to be ‘more fully 
exploited, may justify employing a field sales 
force, or may confer some pecuniary econo- 
mies of scale in advertising and promotion. 
Third, product proliferation of this kind gener- 
ally will require the allocation of substantial 
retail store shelf space. In order to duplicate or 
imitate the line, a new entrant would require a 
similarly large allocation of shelf space by re- 
tailers. Because this is unlikely for all but the 
most powerful of manufacturers, product pro- 
liferation is a barrier forestalling entry at the 
retail level. Fourth, being the first or second in 
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a.market has bzen-shown to confer future high 
market shares “see, for example, Whitten). 


Measuring Product Proliferation 


The concept of a “new” food product varies 
widely from writer to writer. Some claim that 
there are no truly new foods, wnile others 
estimate that several thousand new foods ap- 
pear each year The problem of definition: de- 
pends partly on the point of view of the agent in 
the food system; as Buzzell and Nourse have 
argued, manufacturers, retailers, and consum- 
ers each have differing perceptiors of new- 
ness. 

Buzzell and Nourse proposed that new 
prcducts can b2 classified according to their 
degree of novely. This paper will follow their 
lead. First, the rarest and most innovative 
product introduztions will be termec distinctly 
nev/ products, types, or categories. Second, a 
mo-e common Kind of product proliferation is 
brand proliferation (imitations of successful 
new. types by other producers) or line exten- 
sions (by the irtroducing firms). Finally, the 
most frequent type of proliferation will be 
called item proliferation, repositioning, or re- 
formulation. Thzse distinctions also fit within 
a time framework. That is, first, a new cate- 
gory is created; second, brand proliferation or 
line extensions occur; third, item proliferation 
and repositioning are observed. 

Connor (198Ca) reviewed four secondary 
data sources on new grocery product introduc- 
tions. Two sourzes detailed their selection of 
dist:nctly new food products. Buzzell and 
Nourse identified only 22 such prodtcts in the 
1945-65 period. The editors of Progressive 
Grocer, on the other hand, selected about 25 
food products irtroduced in the late 1970s as 
especially innovative. New Product News, a 
trade magazine, found that on average nearlv 
900 new brands of packaged consumer goods 
were being introduced yearly during 1964—70; 
item proliferation (excluding package sizes), 
however, was ccnsiderably greater, averaging 
over 1,950 per vear. In-both cases, product 
proliferation shcwed a steady upward trend 
after 1973. More zhan half of all food and bev- 
erage proliferation in 1977 was accounted for 
by frozen foods, candy, beverages, and snack 
items. 

Grocery wareLouse withdrawal records are 
a fourth source cf new product. introductions. 
Though these records do not count non- 
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warehoused or direct-store-delivery items 
(e.g , produce, perishable dairy items, and 
fresa bakery products), they provide a very 
complete and most cited accounting of new 
brarded grocery products. For example, the 
NieBen Early Intelligence System (NEIS) 
fourd that an average of more than 6,000 items 
entered national distribution per year during 
1973-78. More than 5,000 per year were edible 
procucts. The NEIS data indicate a much 
larger number of new item introductions than 
New Product News because the former in- 


' cludss even trivial package size changes or 


addi-ions. Because some existing items must 
be dropped to make room for the new, the 
average net increase of grocery items in U.S. 
whoiesale distribution was about 4.796 per 
year in the 1973—78 period. 

A final data source on product proliferation 
is a report of ''significant" new consumer 
packaged products compiled monthly for 
тап” years by the staff of Advertising Age 
magezine. Because these data provide infor- 
mation on individually identified new prod- 
ucts, they form the basis for the statistical 
analysis in the next section. In particular, it 
was possible to classify each product by its 
five-digit SIC number (the Standard Industrial 
Classification system divides manufactured 
food: into 130 five-digit product classes), de- 
termine the parent company for each brand, 
and eliminate the mere ‘‘repositioning’’ 
(charge in advertising appeal or theme) or 
"'refcrmulation'' of products. New flavor var- 
ieties were counted, but new sizes and rede- 
signed packaging were ignored. Regional and 
national offerings of new products were 
counted, as were full test-marketings. Thus, 
these Advertising Age data include brand pro- 
liferaiions or line extensions but not mere item 
proliferations. 

Five categories account for over 50% of the 
introcuctions (table 1); about 53% of 732 new 
products recorded were processed food or be- 
verag2 products. The high proliferation cate- 
gories are generally characterized by high 
concentration, high advertising intensities, 
and other oligopolistic market features (Con- 
nor 1980c; canned items were predominantly 
canned ethnic specialties; the frozen foods, 
mainl frozen pizza and entrees). There was a 
relatively low rate of brand proliferation in 
two nearly monopolized industries, baby 
foods and canned soups. 

Most product proliferation can be attributed 
to firms already established in food process- 
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Table 1. New Packaged Consumer Food and 
Tobacco Products Introduced by Product Cate- 
gory, 1977—78 | 





New Products 





Introduced? 

Product Categories 1977 1978 
Nonalcoholic beverages and 

mixes А 32 38 
Alcoholic beverages 21 28 
Pet foods 20 19 . 
Flour mixes and baking 

ingredients 18 10 
Frozen foods 18 12 
Tobacco products 16 7 
Canned fruits, vegetables, and 

specials 14 12 
Candy and chewing gum 11 16 
Breakfast cereals 10 14 
Meat and fish 10 1 
Bread, cakes, crackers, and 

cookies 9 11 
Dehydrated vegetables апа soup 

mixes 9 6 
Dairy products 7 4 
Chips 5 11 
Margarine and oils 3 4 
Prepared desserts 3 0 
Baby foods 2 0 
Canned soups i 0 
Sauces and dressings 1 0 

Total 210 209 


Source: Compiled by the author from Advertising Age, Feb. 1977 
to Jan. 1979. 

? A simple count of all new brands, flavors, and line extensions. 
Minor changes in packaging, different package sizes, reformu- 
lations, and repositionings were not counted. 


ing. Of the 419 new food and beverage prod- 
ucts introduced during 1977-78, 59% were in- 
troduced by the 50 largest food or tobacco 
processing firms, and 7096 originated from 
among the 200 largest. Only 1196 of the prod- 
ucts were marketed by firms with no recent 
products in the category. Because Advertising 
Age depends to some extent on announce- 
ments distributed by the firms themselves, 
these data may be biased toward larger firms. 
However, they are consistent with the New 
Product News data for 1977, which shows that 
only 15 large firms account for nearly 2096 of 
all products. 


The Model 


The model tested here is a simple, linear equa- 
tion which assumes that market structure ele- 
ments (and control variables) impact addi- 
tively on brand proliferation. The dependent 
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variable is a simple count of the total 419 new ` 
branded food manufactures introduced into 


"each of 102 product classes :during 1977—78 


(seé-appendix table 1 of Connor 19802). Be- 
cause the dependent variable takes on only a 
limited number of integral values, it has a mul- 
tinomial distribution. and the estimated 


- coefficients and f-tests only approximate the 
. true values (Kmenta, pp. 425-27). 


"The independent market-structure variables 
refer to 1972-75 data.5 To model the potential 
for cooperation among established sellers, the 


‘four-firm sales percentage concentration ratio 


(CR4) is utilized. The square of four-firm con- 
centration (CRASQ) was added on the expec- 
tation that tight oligopolies (canned soup, in- 
fant foods, etc.) may have densely packaged 
product-attribute spaces. This discourages a 
high rate of product proliferation because 
existing, adjacent variants are close substi- 
tutes for contemplated new variants. The ex- 
tent of product differentiation is captured by 
the percentage eight-media advertising-to- 
sales ratio of the top four firms in each product 
class (ADS). The estimated coe£icient of ADS 
may be biased upward because of the heavy 
introductory media advertising associated 
with many new products. The final structural 
variable is the percentage of direct production 
costs incurred by the census industry for pack- 
aging materials (PACKCOST). Just as media 
advertising intensity is expected to capture the 
extent of differentiation in the psychic attri- 
butes of food products, heavy packaging costs 
may be a proxy for the ease with which food 
products can be physically differentiated from 
one another. Also, packaging may serve to 
reinforce media advertising messages. 
Control variables also are introduced into 
the model. The natural logarithm of the 1975 
wholesale shipments value of each product 
class (SIZE) is a proxy for the density of po- 
tential demand for new products. All else held 
constant, a large product class is likely to have 
a larger number of exploitable demand seg- 
ments than a small product class. The per- 
centage change in product class shipments 
value during 1967-72 (GROW) is designed to 
refiect shifts in demand and tasies which likely 
encourage product proliferation. On the other 


5 These data were originally developed fer Parker and Connor. 
Appendix D of their working paper contains definitions, sources, 
and a complete listing of the values of the independent variables 
for all 102 consumer product classes in the food-manufacturing 
industry. Following census practice, ten product classes (e.g., 
20116 and 20136) were combined into five observations. 
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hand, past high growth rates may identify 
product classes with high proliferation in the 
past and densely packed ciasses in the pres- 
ent. Thus, GROW could be negatively related 
to the short-run rates of proliferation being 
explained in the present model. The final con- 
trol variable is PLSHR, the percentage of the 
product class’ sales in private-label products 
in 1976 (if unreported, it was assumed to be 
zero). Because Advertising Age compiled data 
on new branded products only, the larger the 
private-label segment of the market, the less 
likely are new products to be introduced into 
the branded segment. In a sense, PLSHR is a 
correction for SIZE. 

The independent variables CR4, ADS, 
PACECOST, and SIZE are expectec to ex- 
hibit positive regression coefficients; PLSHR 
and CR4SQ should be negative; and GROW's 
effect is ambiguous. The units of observation 
are the 102 consumer products classes in food 
manufacturing (SIC 20). 


The Results 


The OLS regressions are displayed in table 2. 
The simplest equation (2.1), explains only 
23% of the variance in levels of product prolif- 
eration. Both structural variables have the 
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correct signs; advertising intensity is sig- 
nificant at the 1% level; and CR4 is significant 
at the 5% level. The inclusion of SIZE in equa- 
tion (2.2) and all succeeding equations mark- 
edly improves the goodness of fit; it is highly 
significant and positive as expected. A 
parabolic specification is used for seller con- 
centration in equations (2.3) through (2.7). The 
second-degree term СК450 is significant, the 
critical point being reached between the 6095 
and 70% concentration levels. In equation 
(2.4) PACKCOST is significant and displays 
the expected positive relationship with prod- 
uct proliferation. The reduction in the size of 
the coefficient on ADS indicates that media- 
generated and physical differentiation are to 
some extent substitutes in food industries. 
Long-run past growth has no significant 
influence on new product introductions, equa- 
tion (2.5), but the share of the market going to 
private-label sales has a weak negative impact 
as expected, equation (2.6). The final equation 
combines all six factors. Overall, equation 
(2.4) appears to be the best-fitting model, with 
four factors explaining nearlv half of the vari- 
ance in brand proliferation among processed 
foods. An examination of the residuals found 
no evidence of heteroskedasticity, nor did 
multicollinearity appear to be a problem. 
The regression analysis indicated that prod- 








Table 2. Market Structure Determinants of the Number of New Packaged Foods Introduced, 
1977—78 
General 
Independent Variables? Statistics? 
SIZE 

Equation Constant natural 

Number Term СКА | CRASQ ADS log РАСКСОЅТ GROW  PLSHR R? F 

2.1 -272 0.07 1.40: 0.23 14.4 
(1.68) (4.49) 

2.2 —15.71 0.07 1 408 2.028 0.33 15.9% 
(1.81) (4 82) (3.85) 

2.3 —22.79 0.35» —0.003* ] 408 2.067 0.34 12.62 
(1.87) (1.53) (4 85) (3.98) 

2.4 — 26.60 0.37* —0.003^ 0.96? 2.164 0.13% 0.45 15.99 
(2.17) (2.01) (3.36) (4.5C) (4.38) 

2.5 —23.32 0.345 —9.003¢ 1.45* 2.158 —0.013 0.35 10.22 
(1.84) (1.51) (4.87) (4.00) (0.71) 

2.6 —22.43 0.34» —0.003* 134* 2.222 —0.05^ 0.36 10,92 
(1.84) (1.58) (4.65) (4.23) (1.70) 

27 —26.62 0.36? —0.003^ 0.98? 2.352 0.138 —0.13 —0.04 0.46 11.6 
(2.11) (2.01) (3.38) (4.70) (4.12) (1.25) (0.80) 





Source: Da:a compiled by the author from Advertising Age and Parker and Connor. 

a t-statistics in parentheses; ^, ^, and * superscripts indicate statistical significance at the 1%, 5%, and 10% levels, respectively, using 
one-tailed tssts. Ў 
> R? is the coefficient of multiple determination; F is the F-statistic. 
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uct proliferation was unrelated. to industry 
growth. Several other factors were tested and 
found to be insignificant. Three variables rep- 
resenting barriers to entry were developed: 
the ease of foreign entry as represented by 
high U.S. imports and two economies-of-scale 
barriers to entry. Three variables representing 
industry progressiveness also were tested. 
One, the ratio of research and development 
expenditures to sales, is a measure of innova- 
tive effort. Two others attempted to capture 
technological progressiveness on the output 
side: the number of U.S. patents assigned to 
food companies (principally classified in the 
industry) during 1961—75 and the number of 
scientific and technical publications by food 
company employees during 1965-75. How- 
ever, neither economies of scale nor techno- 
logical progressiveness were significantly re- 
lated to food product proliferation. The latter 
finding is rather surprising, because many 
writers have inferred that inventiveness would 
lead to innovativeness as revealed by new prod- 
uct marketings. However, it is possible that 
food-manufacturing inventiveness effects im- 
provements our data do not measure. Alterna- 
tively, progressiveness in other industries, for 
example the packaging industry, may improve 
the quality or increase the quantity of food 
products. 

The empirical results confirm that imperfect 
market structures do indeed generate high 
levels of food product proliferation. There is a 
significant relationship between. brand prolif- 
eration and the concentration of sales and ad- 
vertising intensity. With an industry structure 
regarded as workably competitive (CR4 = 40, 
ADS = 1), equation (2.4), holding SIZE and 
PACKCOST at their means, predicts about 1.5 
new products per year per product class. 
Higher levels of concentration and advertis- 
ing, say CR4 = 60 and ADS = 10, imply the 
introduction of 11.5 new food brands per year 
per product class. 

The results reported here for the food- 
manufacturing industries provide empirical 
support for the market structure-conduct link- 
age suggested by Schmalensee’s model. Prod- 
uct proliferation is one of several forms of 
business conduct open to firms in oligopolistic 
industries with differentiated products, but it 
appears to be a widespread strategy in the 
food industries. This paper has not dealt di- 
rectly with the normative or performance im- 
pacts of food product proliferation, but they 
are likely to be profound. 
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Normative Implications 


Theoretical treatments of the welfare effects 
of product variety are inconclusive. The exis- 
tence of a trade-off between the increased sat- 
isfaction that consumers derive from being able 
to match their tastes more precisely to market 
offerings and the decreased welfare effects of 
higher product prices has long been recog- 
nized (Chamberlin 1933). More recent formal 
welfare analyses of optimal product diversity 
have arrived at no clear judgment on the net 
effects (Lancaster; Dixit and Stiglitz; Stern; 
Spence). Schmalensee likewise argues that 
there are not necessarily too many products 
for a given market even though product prolif- 
eration deters entry. However, his analysis 
suggests that in such markets some reduction 
in prices, holding the product mix constant, 
would trivially increase net welfare. 

There are two studies that have attempted 
to assess the social value of food product pro- 
liferation. Nyström and Edvardsson at- 
tempted to measure the producer and con- 
sumer benefits of all 121 new food products 
introduced during 1969—78 by the twenty 
Swedish food-processing companies most ac- 
tive in research and development. Their per- 
formance standards (technological novelty, 
taste quality, convenience, nutritional value, 
price relative to closest existing substitute, 
and profitability) were largely judgmental. 
From the point of view of consumers, about 
one-third of the new products were ranked 
superior and one-half the same as existing 
close substitutes. 

More formal estimates of the welfare ben- 
efits of product proliferation are given in a 
recent paper by Scherer (1979) on the ready- 
to-eat cereal industry. He estimated the fixed 
costs of introduction, producers’ surplus 
gains, and consumers’ surplus gains for 
seventy-six ready-to-eat cereal brands intro- 
duced during 1958—70. The average minimum 
fixed costs were $4.4 million per brand (1962 
dollars). By the mid-1960s industry growth 
had become flat; as a result consumers' 
surplus declined and new product introduc- 
tions increasingly involved only interproducer 
transfers (‘‘cannibalization’’). Both the prices 
and profit margins for new ready-to-eat cereals 
averaged about 30% higher than existing 
brands, which led to substantial transfers from 
consumers' to producers' surplus. Neverthe- 
less, consumers’ surplus averaged about 20% 
of wholesale prices. By his calculations, about 
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2296 to 3096 of the brands introduced (3396 to 
43% of those introduced beyond the regional- 
test stage) generated positive net social ben- 
efits. In sum, ''it appears probable that prod- 
uct proliferation has, at least at the margin, 
cost more than it was worth” (Scherer 1979, 
p. 133). 

Taken together, these studies suggest that 
product variety in mature, highly oligopolistic 
food industries may be excessive. Henning 
and Mann (p. 262) strongly advocate public 
policies limiting product proliferation, primar- 
ily because they consider it a major cause of 
excess advertising. Padberg and Westgren 
opined that traditional antitrust remedies are 
unable to deal with the performance impacts 
of product proliferation. I am aware of only 
one piece of U.S. legislation that was prompt- 
ed by a concern about proliferation; the Fair 
Packaging and Labelling Act of 1966 directed 
the Department of Commerce to reduce the 
proliferation of packaging sizes via voluntary 
industry agreements. 

The belief that product proliferation is an 
anticompetitive practice was an important 
element in the decision of the Federai Trade 
Commission to bring its eight-year-okl anti- 
trust case against the major ready-to-ea: cereal 
companies. Because no economic norm of op- 
timal product diversity has yet been devel- 
oped, and because measurements of product 
proliferation are subjective or arbitrary, the 
direct regulation of industry performance or 
structural improvements may be public policy 
approaches superior to policies tailored spe- 
cifically to optimize rates of product prolifera- 
tion. 


[Received December 1979; revision accepted 
May 19&1.] 
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A Sector Analysis of Alternative Income 
Support and Soil Conservation Policies 


W. G. Boggess and E. O. Heady 


For rearly five decades Congress has attempted to legisla:e both higher farm incomes 
and soil conservation. A national, interregional, demand-endogenous, separable 
programming model is used to analyze the potential of alternative policies to achieve 
simultaneously the dual goals of increased farm income and reduced soil erosion. The 
analysis indicates that a conservation-oriented land retirement policy can be designed to 
achieve an increase in net farm income equivalent to a traditional general land retirement 
policy, while simultaneously achieving significant reductions in gross soil erosion, 


chemical input use, and direct government prozram costs. 


Key words: endogenous demands, income support, interregional analysis, separable 


programming, soil conservation. 


The United States has a long history of gov- 
ernment intervention in agriculture. Efforts tc 
legislate soil conservation began witk the Soil 
Conservation and Domestic Allotment Act of 
1936 and continue today. This study assesses 
the potential of alternative policies tc achieve 
simultaneously the dual goals of increased 
farm income and reduced soil erosicn. 

Fcllowing the method outlined by Duloy 
and Norton, a national interregional separa- 
ble programming model of the U.S. agricul- 
tural sector is formulated. Four al:ernative 
combinations of supply control and soil con- 
servation policies are analyzed to ascertain 
their impact on regional farm prices and in- 
comes, farm output, farm input use, and gross 
soll erosion. 


Model Specification 


Prev.ous agricultural policy models have in- 
cluded both mathematical programming mod- 
els (Caylor and Frohberg, Stoecker, and Meis- 
ter et al.) and simulation models (Tyner 
and Tweeten, Ray and Heady, and Ray 
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and Richardson). Mathematical programming 
models.provide normative answers to prob- 
lems. Normative courses of action are those 
which ought to be taken by the agricultural 
sector, given (a) the particular objective func- 
tion specified and (b) the conditions and re- 
straints surrounding the alternatives available 
(Heady and Candler). In contrast, a positive 
analysis predicts how farmers would actually 
respond to a particular policy. Both types are 
needed. 

A mathematical programming model is used 
here because it can help analyze policies in 
which the underlying structural framework 
changes. Furthermore, it provides the regional 
detail necessary for analyzing the interregional 
impacts of the alternative policies. (McCarl 
and Spreen present an excellent discussion of 
the usefulness and limitations of mathematical 
programming for policy analysis at the sector 
level.) 

The model provides comparative static 
rather than dynamic analysis. The optimum 
plan, after implementation of a policy or struc- 
tural change, is compared to the optimum plan 
before implementation of the policy or struc- 
tural change. This comparison shows the im- 
pact of the change on the response variables. 
It does not, however, provide information on 
the dynamics of moving from the old to the 
new optimum plan. 

À mathematical programming problem con- 
sists of a simultaneous equation network rep- 
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resenting the constraints on the system plus an 
additional equation to represent an optimized 
functional relationship. A mathematical de- 
scription of the model follows. 


Objective Function 


The objective function maximizes the area be- 
tween the demand and supply curves. Linear 
demand functions for beef, pork, milk, wheat, 
oils, and feed grains are of the form, 


(1) P = A + BQ, 


where Р is the price vector, A is the intercept 
vector, B is the matrix of slope coefficients, 
and Q is the vector of quantities. They are es- 
timated and incorporated into the model struc- 
ture. The intercept and slope coefficients were 
obtained from an updated version of Stoeck- 
er’s quadratic programming model using 1985 
projected populations and incomes. 
Following Duloy and Norton, grid lineariza- 
tion (separable programming) techniques are 
used to incorporate the interdependent de- 
mand functions endogenously in a linear pro- 
gramming context. Given the demand rela- 
tionships in equation (1), Duloy and Norton 
formulated an objective function which 
maximizes the area between the demand and 
supply curves represented mathematically! as 


(2) maximize Z 


e set |" (4+ BQ) do - C(O) 
= Q'A + 5 Q’ ВО - C(Q), 


where C(Q) represents the supply side of the 
market. The model treats input prices as fixed. 
Implicitly, this is equivalent to assuming that 
the supply functions for inputs are perfectly 
elastic. In reality, changes in sector-wide de- 
mands for inputs could have significant im- 
pacts on input prices and thus production 
costs and farm income. As output expands, 
the demand for, and thus the price of, inputs 
normally will rise unless the input supply func- 
tions are perfectly elastic. Allowing input 
prices to rise in response to an increase in 
demand will result in proportionately greater 


1 Integration of (2) is possible only if B is symmetric. МсСагі 
and Spreen discuss this requirement and suggest ways of relaxing 
this assumption. 

? McCarl and Tice discuss the use of matrix diagonalization as а 
solution to this problem. 
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increases in production costs and a propor- 
tionately smaller increase in net returns than 
are suggested by this model. The rising input 
prices also would tend to dampen the output 
response relative to that exhibited by this 
model. If input supply elasticities are avail- 
able, the separable programming framework 
can be modified to incorporate endogenously 
the price effects of changing demands for in- 
puts following the approach outlined by 
Hazell.? 

Equation (2) is quadratic in Q. Expansion of 
the term .5Q' BQ results in squared and 
cross-product terms. The cross-product terms 
are not separable, and a transformation is re- 
quired to obtain separable functions. The 
separable variables in equation (2) were mod- 
elled using the IBM MPSX separable pro- 
gramming routine. 

The overall objective function incorporating 
both the separable demand and the supply 
sides of the markets may be expressed math- 
ematically as 


G max.Z= Y Y 20, + Y Y Y У 


n r v 
Basros Vnsro E 5 > > У XinmX Cijem 
i j k m 


+S У У LalCu У WWC 
n 8 а i 
_ У IBIG- 5 x X ТТС. 
и: . n 8 t 


A definition of these terms and subscripts fol- 
lows the mathematical expression of the con- 
straints. | 


Model Constraints 


Constraints on the model include acreage of 
dry and irrigated land available for production 
of the endogenous crops, acre-feet of water 
available for use by endogenous crops and 
livestock, commodity balance rows, a national 
cotton demand equation, and the grid and con- 
straint rows associated with the separable 
programming formulation of the demand equa- 
tions. Mathematical expressions for each fol- 
low. 

Dryland acreage by land class by producing 
area: 
(4) У У XsmADiiem = РА. 


k т 
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Irrigated land acreage by land class by pro- 
ducing area: 


(5; 2 3 XamAln Ж 1Аӊ. 
Water availability by producing area 
© УУУ Уха, 
+ УУ Б Laa LWUnsaL Wn x: WS; 


Endogenous crop commodity balance rows 
by demand region: 


(7) 2, 2, 2, 2, Хан кти C Yijemsu 
ET Ons m 5 Tast =-CD,;. 
t 


Endogenous livestock commodity balance 
rows by demand region: 


(8) 5 LY, Lys E Ons =-LDys. 
q 


Cotton demand at the national level: 
2 > 2 2, 2 Хат Wien C Yun = DC. 
i j k m 


Subscripts in equations (3) through (9) refer 
to the following: 


n=1,...,8 г the demand regions; 

s=1,...,6 fortheendogenous commod- 
ities: 

r=1,...,6 forthe endogenous commod- 
ities; 

v= 1, ., 10 for the number of steps de- 
fined for each separable vari- 
able; 

i=1,..., 105 for the producing areas; 

j=1,...,10 for the land quality classes; 

k= 1,..., 330 for the crop rotations; 

m=1,...,12 for the alternative conserva- 
tion and tillage practices per 
rotation; 

а = 1,...,32 for the livestock rations; 
t=1,...,76 for the transportation routes 
defined; and 
и = 1, .,10 for the possible irrigated 

Crops. 


Variables in equations (3) through (9) are 
defined as follows: 

А, is the linear demand coefficient for com- 
modity s in region n; 

О,» is the number of units of commodity s 
marketed in demand region n; 
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SVnsry is the separable variable step v, de- 
fined for each squared (s — r) and cross- 
product (s # r) term for commodities mar- 
keted in region n; | 

Basr» is the demand coefficient correspond- 
ing to step v of each of the squared and cross- 
product terms for commodities marketed in 
region n; 

Xim is the level of rotation k using 
conservation-tillage method m on land class j 
in producing area i; 

X Ciim is the cost per acre of rotation k with 
conservation-tillage practice m in producing 
area i on land class j; 

Lasa is the number of units of livestock activ- 
ity s receiving ration q in demand region n; 

ІС is the cost per unit of livestock activ- 
ity s receiving ration q in demand region л; 

W; is the number of acre-feet of water pur- 
chased in producing area i; 

WC, is the cost per acre foot of water pur- 
chased in producing area i; 

IB, is the acre-feet of water transferred out 
of producing area і; 

IC, is the cost differential on a per acre 
foot basis for water in producing area /; 

Ты is the number of units of commodity s 
transported over route ¢ from demand region 
n; 
ТС, is the cost per unit of commodity s 
transported over route г from demand region 


ЕД 

ADijxm is the acres of dryland used per unit 
of rotation k using conservation-tillage method 
m on land class j in producing area i; 

DA; is the acres of dryland available for 
endogenous crops on land class j in producing 
area i; 

Al is the acres of irrigated land used per 
unit of rotation k using conservation-tillage 
method m on land class j in producing area i; 

IA; is the acres of irrigated land available on 
land class j in producing area i; 

кти is the rotation weight for crop u in 
rotation k using conservation-tillage method т 
on land class j in producing area i; 

CWU,, is the acre feet per acre water use 
coefficient for crop u in producing area i; 

LWU,, is the acre feet per unit water use 
coefficient for livestock type s consuming ra- 
tion g in market region n; 

LW, is the proportion of livestock type s 
from demand region n falling in producing area 
i; 

WS; is the acre feet of water available for 
use by the endogenous agricultural sector in 
producing area i; 
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CY кти is the per acre production of com- 
modity s from crop u in rotation k using 
conservation-tillage system m on land class j 
in producing area i; 

СР, is the exogenously determined demand 
for commodity 5 in demand region п; 

LY ве is the yield of commodity s from live- 
stock activity q in demand region n; 

. LD,,is the exogenously determined demand 
for livestock commodity s in demand region n; 

CY кти is the per acre production of cotton 
in rotation k using conservation-tillage prac- 
tice m on land class j in producing area i; and 

DC is the exogenous national demand for 
cotton. 


Regional Delineations 


In order to represent the interregional compet- 
itive aspects of U.S. agriculture, the major 
constraints and demands on the agricultural 
production sector are formulated regionally. 
Three sets of regions are defined in the model: 
the crop production regions, the livestock 
production and market regions, and the en- 
dogenous demand regions. 

Crop production activities and the land base 
are defined for 105 producing areas. The pro- 
ducing areas are derived from the Water Re- 
source Council's 99 aggregated subareas (U.S. 
Water Resources Council). Water resources 
are defined for the producing areas corre- 
sponding to the 17 Great Plains, Mountain, 
Southwest, and Pacific states. Livestock pro- 
duction activities and the exogenous commod- 
ity demands and exports are defined for 28 
market regions. The market regions are aggre- 
gations of contiguous producing areas. 

The eight endogenous demand regions of 
figure 1 are aggregations of contiguous market 
regions. Each demand region is the demand 
and transportation center for the endogenous 
commodities. Metropolitan centers in each re- 
Bion form the model's transportation sector. 


Major Sectors of the Model 

À brief description of each of the major com- 
ponents of the model follows. Additional in- 
formation about the model specification and 
formulation is available from the authors. 


Demand Sector 


The demand sector consists of three catego- 
ries: (a) demands for endogenous commod- 
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Figure 1. 


ities for which equations are specified, (Р) 
fixed demand for the endogenous crop, cotton, 
and (c) demands for exogenous commodities. 
Each of the three demand categories incorpo- 
rates net export, domestic consumption, and 
intermediate uses. 

The fixed demands for cotton, the exoge- 
nous crops, and projected net exports are 1985 
government projections (Quance, Smith, 
Powell). Adjustments were made in the mod- 
el’s resource base for the quantities of land, 
water, nitrogen, and feedstuffs either utilized 
or produced by the exogenous crops. 


Land Base 


The cropland base is derived from the Conser- 
vation Needs Inventory (CNI), which reports 
acres of land by use and agricultural capability 
class (Conservation Needs Inventory Com- 
mittee). The CNI county acreages are aggre- 
gated for dryland and irrigated uses into the 
105 producing areas and into 5 quality classes. 
The 5 quality classes are aggregations of the 29 
CNI agricultural capability classes and sub- 
classes. The CNI capability class and subclass 
distinctions are based on the relative suitabil- 
ity of the land for agricultural production pur- 
poses. The projected 1985 land base is derived 
from the original CNI by adjusting for pro- 
jected wetland drainage, irrigation develop- 
ment, and conversions to urban and other 
nonagricultural uses by 1985 (Meister and 
Nicol). 


Crop Production Sector 
The crop sector contains barley, corn, corn 


silage, cotton, legume hay, nonlegume hay, 
oats, sorghum, sorghum silage, soybeans, and 
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wheat. Unique production activities are de- 
fined for each of five land quality classes in 
each of the 105 producing areas. Each crop 
management activity consists of a rotation, a 
tillage and conservation practice, and irrigated 
or dryland farming utilizing the nitrogen, land, 
and water resources available. Crop produc- 
tion costs include machinery, labor, pesticide, 
anc. miscellaneous costs. These costs were 
developed using the U.S. Department of Ag- 
riculture’s (USDA) Firm Enterprise Data Sys- 
ter. (FEDS) crop budget generator. 

Gross soil loss as calculated in the model 
represents the average annual tons of soil leav- 
ing the field. This measurement of soil loss 
does not represent the amount reaching 
streams or bodies of water. Two separate pro- 
cedures were used to determine gross soil loss 
per acre. For the areas east of the Rocky 
Mountains, the ‘Universal Soil Loss Equa- 
tion’ was used (Wischmeier and Smith). Fer 
areas west of the Rocky Mountains, soil loss 
coerficients for each management system were 
derived from a Soil Conservation Service 
questionnaire. 


Livestock Sector 


The livestock sector consists of beef cows, 
feeders, dairy, and hogs. Several alternative 
rations, reflecting optimum input ratios for al- 
ternative output levels and price ratios are 
specified for each type of livestock. Activity 
costs include all production costs except feed, 
which is endogenously determined. Nitrogen 
in livestock manure is a source of fertilizer to 
the crop sector (Short and Dvoskin). 


Water Sector 


The water sector defines water supplies in the 
western United States. Dependable supplies 
of both surface and ground water are defined 
(Colette). Water prices are acreage-weighted, 
average reimbursable costs of the Bureau of 
Reclamation water projects. Water transporta- 
tion activities are defined reflecting both 
natural and manmade flows. 


Transportation Sector 


Interregional interdependence is introduced 
throvgh the transportation sector. Transporta- 
tion routes are defined between all contiguous 
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regions. Transportation costs are based on 
1975 rail rates for grains and truck rates for 
livestock commodities using the mileage be- 
tween the metropolitan centers of the demand 
regions. 


Policy Alternatives 


Four alternative combinations of supply con- 
trol and soil conservation policies are ana- 
lyzed to test their impact on regional farm 
prices and incomes, farm output, farm input 
use, and gross soil erosion. The four policy 
alternatives consist of a baseline (Alternative 
À); a maximum allowable per acre soil loss 
equal to the soil tolerance levels (Alternative 
B); a 1096 land retirement, supply control pol- 
icy designed without special conservation as- 
pects (Alternative C); and a 4096 land retire- 
ment policy designed as a simultaneous supply 
control mechanism and soil conservation pro- 
gram (Alternative D). 

Alternative A is based on a projection to 
1985 of baseline demands and export levels in 
the absence of land retirement or soil loss pol- 
icies. Alternative B represents a soil conserva- 
tion policy apart from supply control or land 
retirement. Under Alternative B, crop produc- 
tion activities whose estimated per acre gross 
soil losses exceed the established soil toler- 
ance levels are restricted from entering the 
solution. The soil loss tolerance levels reflect 
the maximum yearly allowable soil loss con- 
sistent with maintaining economically in- 
definite productive capacity of the soil (Wisch- 
meier and Smith). Soil tolerance levels 
range from one to five tons per acre per year 
depending upon soil properties, topography, 
and prior erosion. 

Alternatives C and D represent two alterna- 
tive land retirement or supply control policies. 
Alternative C assumes that 10% of all en- 
dogenous cropland is retired from production. 
The 1076 reduction is distributed evenly across 
all land classes and regions. Hence, all farmers 
and regions would be treated similarly with 
respect to land retirement. Alternative D as- 
sumes that 4076 of the cropland in the Conser- 
vation Needs Inventory quality classes, Ш,, 
IVe, VI, VII, and VIII is retired from produc- 
tion. Alternative D thus incorporates compo- 
nents of both supply control and soil conserva- 
tion into a single policy concentrating land 
retirement in regions or locations where land 
is most erosive. 


Boggess and Heady 
Results 


This programming model is designed for nor- 
mative planning and impact analysis rather 
than positive prediction. As such, compari- 
sons between alternative solutions of the 
model can be more valid and useful than com- 
parisons with current actual values. However, 
it is informative to compare the baseline model 
results with current values in order to provide 
some indication of the ‘‘realism’’ of the basic 
model structure. 

Alternative A is a normative benchmark for 
comparisons with the policy alternatives. It 
reflects baseline projections of moderate or 
trend level estimates of population, per capita 
consumption, and exports. In addition, ag- 
riculture is assumed to operate under perfectly 
competitive conditions without explicit poli- 
cies designed to increase farm income or re- 
duce soil erosion. 

Table 1 presents a regional comparison of 
some of the model’s key baseline results with 
1977 actual values. The regional distribution of 
crop acres in the baseline model closely ap- 
proximates the 1977 actual distribution. The 
largest variation in acreage is only 1.2% in the 


Table 1. 
Loss, and Net Farm Income 
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Corn Belt. With the exception of the Delta 
States, the baseline model consistently over- 
states per acre soil losses relative to the 1977 
Erosion Inventory estimates. The primary 
reason is that the model chooses the profit- 
maximizing combinations of rotation, conser- 
vation practice, and tillage practice, but, in 
reality, some erosive land already has been 
terraced and many farmers follow sound con- 
servation practices as a matter of principle. 
The regional income comparisons exhibit the 
most variation and are the least reliable of the 
three data items. Nationally, the baseline es- 
timate of net farm income is nearly identical to 
the 1977 actual figure. However, the model 
structure does not allow estimation of regional 
net farm income. Instead, only net farm re- 
turns from endogenous crops are available re- 
gionally. 

Policy alternatives B, C, and D each reflect 
a different approach toward the dual goals of 
increasing farm income and conserving soil. 
Alternative B was formulated with the singular 
policy objective of conserving soil, Alternative 
C with the sole policy objective of increasing 
farm income, and Alternative D with the dual 
Objectives of increasing farm income and con- 


Comparison of 1977 Actual with Baseline Estimates of Endogenous Crop Acreage, Soil 





Endogenous Crop Acres? 





Endogenous Soil Loss? 


Net Farm Income* 














Demand Region 1977 Actual? Baseline 1977 Actual* Baseline 1977 Actual‘ Baseline 

Northeast 13.5 11.9 104.3 116.2 547.1 418 
(4.0) (3.3) (7.8) (9.8) (1.8) (3.2) 

Southeast 16.0 18.3 172.7 263.3 1039.2 571 
(4.7) (5.1) (10.8) (14.4) (3.5) (4.4) 

Lake States 62.2 66.5 209.8 270.7 4078.1 1277 
(19.1) (18.6) (3.3) (4.1) (13.8) (9.9) 

Corn Belt 71.2 71.5 581.3 792.6 8991.1 2979 
(21.2) (20.0) (8.2) (11.1) (30.4) (23.0) 

Delta States 29.9 25.0 421.2 347.5 3047.6 325 
(7.7) (7.0) (16.2) (13.9) (10.3) (2.5) 

Northern Plains 73.8 80.9 517.9 685.8 5051.2 2413 
(21.9) (22.6) (7.0) (8.5) (17.1) (18.6) 

Southern Plains 54.0 61.3 263.9 548.9 4459.5 4428 
(16.0) (17.1) (4.9) (9.0) (15.1) (34.2) 

Pacific 17.8 22.4 35.3 74.9 2391.7 550 
(5.3) (6.3) (2.0) (3.3) (8.1) (4.2) 
United States 336.3 357.8 2306.3 3099.8 29605.5 12961* 
(100.0) (100.0) (6.9) (8.7) (100.0) (100.0) 








а Acres of barley, corn, cotton, hay, oats, sorghum, soybeans, and wheat in millions of acres, percentage of U.S. total in parentheses. 
b Soil losses from endogenous crop production in millions of tons, tons per acre in parentheses. 
* 1977 actual figures are total net farm income. The baseline figures are estimated net farm returns from endogenous crops. Both columns are 


millions of dollars, percentage of U.S. total in parentheses. 
* USDA, Crop Production 1978 Annual Summary. 

*SCS 

* USDA, State Farm Income Statistics. 


* Estimated total U.S. net farm income in the baseline model is $29,206 million. 
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serving soil. Consequently, the alternatives 
have quite different impacts on the degree of 
soil conservation and the increased income 
generated. 

With Alternative B, the soil loss limit results 
in a 68% decline in both total and per acre 
gross soil erosion arising from endogenous 
crop production relative to A (table 2). Table 2 
also indicates that both total and per acre erv- 
sion losses are reduced substantially in all re- 
gions. This result is precisely what should be 
expected from such a policy. However, a sec- 
ond less obvious result of the soil loss policy is 
that net farm income increases by 8% relative 
to the baseline (table 3). The increased income 
results from the decline in outpct when soil 
loss restrictions are imposed, coupled with the 
inelastic commodity demands. 
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Regional net farm returns from the en- 
dogenous crops are reported in table 4. The 
soil conservation policv, Alternative B, has 
the least impact of any of the alternatives ana- 
lyzed. With the exception of the Northeast, no 
region's share of net returns from the en- 
dogenous crops varies by more than 226 of the 
base. A shifting of endogenous crops out of 
the Northeast region, coupled with the in- 
creased cost of production incurred in re- 
sponse to the soil loss restrictions, results in 
the relatively large decline in endogenous net 
returns in the Northeast. 

The reductions in gross soil loss with Alter- 
native B were achieved by reducing the row 
crop intensity, increasing the use of conserva- 
tion practices (contouring, strip cropping, and 
terracing), and increasing reduced tillage prac- 


Table 2. Estimated Soil Loss from Endogenous Cropped Acres by Demand Region for the Four 


Model Alternatives 





Model Alternatives 


























A B C D 
Tons Tons Tons Tons 
Million rer Million per Million per Million per 
Demand Region Tons Azre Tons Acre Tons Acre Tons Acre 
Northeast 116.2 9.8 3C.7 2.6 114.8 10.3 95.8 8.8 
Southeast 263.3 14.4 54.5 3.0 209.8 12.7 201.1 11.9 
Lake States 270.7 4.1 221.4 3.2 316.9 5:1 278.4 4.3 
Ccrn Belt 279.6 11.1 204.5 2.9 673.3 10.2 622.5 9.3 
Delta States 347.5 13.9 75.4 3.1 384.5 16.6 388.3 16.1 
Ncrthern Plains 685.8 8.5 185.8 2.3 737.0 9.6 559.7 8.1 
Southern Plains 548.9 9.0 157.8 2.5 474.0 8.2 425.7 7.8 
Pacific 74.9 2.3 36.4 1.6 52.0 2.5 40.8 2.1 
Urited States 3039.8 8.7 996.6 2.7 2962.2 8.9 2612.4 8.0 
Table 3. Estimates of Net Farm Income for Each of the Four Model Alternatives 
Model Alternatives 
A B C D 
ЭЭЭ —ш—--—-—--------------- ($ Million)- ------------------ 
Endogenous cash receipts 71,661 76,723 82,709 81,341 
Exogenous cash receipts? 27,046 27,046 27,046 27,046 
Total cash receipts 97,707 103,769 109,744 108,387 
Endogenous production expenses? 48,780 51,373 57,431 55,749 
Exogenous production expenses* 29,892 29,892 29,892 29,892 
Total production expenses 78,672 81,265 27,323 85,641 
Net farm returns 20,035 22,504 22,432 22,746 
Nonmoney income and inventory change? 9,171 9,171 9,171 9,171 
Income from government payments — — 2,057 1,556 
Total net farm income 29,206 31,675 33,660 33,483 





а 1977 cash receipts for exogenous commodities reported іп 1975 dollars. 


> Expenses determined endogenous to the model. 


© Otner production expenses including $9920 for e» penses related to the endogenous commodities and $19,972 pertaining to exogenous - 


commodities. 
4 Thes 1977 level of nonmoney income is reported in 1975 dollars. 


m 
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Table 4. Estimates of Regional Net Farm Returns from the Endogenous Commodities for Each of 


the Model Alternatives 
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Model Alternatives 














A B C D 
Demand Region Value? Percent? Value Percent Value Percent Value Percent 
Northeast 418 3.2 111 7 147 1.0 155 1.0 
Southeast 571 44 838 5.4 915 6.0 807 5.1 
Lake States 1277 9.9 1354 8.8 1349 8.8 1416 9.0 
Corn Belt 2979 23.0 3810 24.6 5435 35.4 5586 35.6 
Delta States 325 2.5 478 3.1 831 5.4 862 5.5 
Northern Plains 2413 18.6 2797 18.1 2983 19.4 2863 18.3 
Southern Plains 4428 34.2 5556 35.9 3533 23.0 3799 24.2 
Pacific 550 4.2 515 3.3 166 1.1 186 1.2 
United States $12961 100.0 15459 100.0 15359 100.0 15673 100.0 





? Values are in millions of 1975 dollars. 
> Percentage of U.S. total by region. 


tices. However, the reductions in gross soil 
loss were achieved by increasing total and per 
acre use of chemical pesticides and fertilizers, 
table 5. As a result of this substitution of 
chemical for mechanical inputs, part of the 
environmental improvements associated with 
less soil erosion may be offset. 

Under Alternative C, 37 million acres, or 
1096 of the endogenous cropland, is retired 
from production (table 6). This figure was se- 
lected so that endogenous prices increased to 
a level approximating 1979 target prices. As a 
result, net farm income increased 15% over 
the base level. This increase was the sole ob- 
jective of Alternative C. Alternative D, on the 
other hand, was designed to achieve a net farm 
income increase equivalent to that obtained 
under C, while simultaneously trying to re- 
duce gross soil erosion as much as possible 
through the sole use of land retirement. The 
objectives of Alternative D were achieved by 
retiring 45 million acres of the most erosive 


cropland (table 6). Because the land retired 
under D is less productive than under C, both 
per acre and total set-aside payments are sig- 
nificantly lower in D (table 6). | 
Regionally, Alternative С and D have quite 
similar effects on the distribution of net farm 
returns (table 4). Regional shares increase in 
the Southeast, Corn Belt, and Delta States 
regions and decline in the Northeast, Lake 
States, Southern Plains, and Pacific regions 
under both C and D. The largest increase oc- 
curs in the Corn Belt, where the share of na- 
tional net farm returns increases by over 12% 
in Alternatives C and D relative to A. The 
largest decline occurs in the Southern Plains, 
where that region’s share of returns declines 
by over 10% in both C and D relative to A. 
The retirement of 45 million acres of erosive 


lands under Alternative D not only achieved : 


the specified 1596 increase in net farm income, 
but also resulted in 16% less gross soil loss 
compared to the base (table 2). This reduction 


Table 5. Relative Total and Per Acre Usage of Purchased Inputs in Producing the Endogenous 
Commodities for Each of the Model Alternatives 





Model Alternatives 











A B C D 
Input Total Per Acre Total Per Acre | Total Per Acre Total Per Acre 
Labor 100 100 104 102 102 106 101 106 
Pesticides ` 100 100 123 121 121 126 111 117 
Nitrogen fertilizer 100 100 116 114 > 126 131 117 123 
Other fertilizer 100, 100 109 107 105 109 102 107 
Machinery 100 . 100 108 106 106 110 104 109 
Total . 100 100 107 105 105 109 103 108 





? Includes other fixed and miscellanous expenses. 
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Table 6. Estimated Acres Set-Aside, Total Set-Aside Payments, and Per Acre Set-Aside Pay- 
ments by Demand Region for Model Alternatives C and D 





Alternative C 


Alternative D 








Acres Total- Per Acre Acres Total Per Acre 

Demand Region Retired Payments? Payments? Retired Payments? Payments? 
(thousands) ($тіШог) ($) (thousands) _ ($million) ($) 
Northeast 1,249 99 79 1,500 76 51 
Southeast 1,902 103 54 1,638 54 33 
Lake States 6,993 304 43 4,546 153 34 
Com Belt 7,340 596 81 6,564 381 58 
Deka States 2,614 148 57 1,633 62 38 
Northern Plains 8,619 372 43 16,138 430 27 
Southern Plains 6,442 295 46 9,449 271 29 
Pac fic 2,345 140 60 3,713 129 35 
United States 37,504 2,057 55 45,181 1,556 34 





a To:al payments equal acres retired multiplied by the per асте payments. 
* Per acre payments equal the average of the land shadow prices in the baseline and corresponding set-aside alternative. 


in erosion is less than might be expected for 
twc reasons. First, much of the land formally 
retired in Alternative D was already essen- 
tially idle in the base line model. Second, in- 
creased production intensity causes greater 
per acre soil losses on the land remaining in 
production. Alternative C, on the other hand, 
had little impact on either total or per acre 
erosion nationally. 

Both land retirement policies had substan- 
tial impacts on regional soil losses. Under C, 
significant reductions in total soil losses in the 
Northeast, Southeast, Southern Plains, and 
Pacific regions were offset by equally sig- 
nificant increases in soil losses in the Lake 
States, Corn Belt, Delta States, and North 
Plains regions (table 2). Under D, soil loss 
reductions were larger and occurred more 
consistently than under C. The only significant 
exception was the Delta States region; which 
experiences a 12% increase in total soil ero- 
sion in D relative to the base. 

The larger income generated in Alternative 
C and D results from increased prices asso- 
ciated with a shift in aggregate product supply 
functions. The actual decreases in production 
in C and D compared to A are relatively mod- 
erate for two reasons. The first is the inelastic 
nature of the demand for agricultural commod- 
ities The second is that purchased inputs 
(labor, chemicals, and machinery) substitute 
for the land input in the production process. 
For example, total purchased input use in C and 
D increases approximately 4% and per acre 
use nearly 996 (table 5) relative to A. The 
largest increases occur in chemical inputs 
(pesticides and fertilizers). Alternative D not 


only results in significantly less soil erosion 
than Alternative C but also in significantly less 
use of chemical inputs. 

The distribution of the burden (cost) of poli- 
cies designed to increase farm income and 
conserve soil varies. In each of the three alter- 
natives analyzed, a substantial portion of the 
burden (cost) is shifted onto consumers in 
higher prices. However, as usual, part is borne 
by producers, and this varies by region and 
producer type. 

In Alternative B, the soil conservation al- 
ternative, producers are forced to limit gross 
soil erosion to a maximum related to the soil 
tolerance level. The soil tolerance level is a 
function of the depth of the topsoil, its produc- 
tivity, and rate of new soil generation. The 
estimated rates of soil erosion are a function of 
topography, rainfall, soil type, and farming 
practices. Because the rate of new soil genera- 
tion is relatively constant from one region to 
the next, and because the thinner the layer of 
topsoil the lower the soil tolerance level, some 
regions are affected much more by the soil loss 
restriction of Alternative B than others. Ero- 
sive .areas not only display greater erosion 
rates but also tend to have lower soil tolerance 
limits because of prior erosion. Thus, meeting 
the soil tolerance limit in more erosive areas 
may require substantial adjustments in crops 
grown, tillape practices employed, and con- 
servation practices used. In other, less erosive 
areas little, if any, adjustments are required to 
reduce losses below tolerance levels. Thus, 
the burden of Alternative B is borne most 
heavily by producers in the more erosive areas 
of the nation. The location of land idled under 
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the soil tolerance level soil loss limits is illus- 
trated in figure 2. 

The burden of the 10% homogenous land 
retirement policy (Alternative C) nationally is 
distributed more evenly than under B. In C, 
cropland is retired homogenously across all 
quality classes and regions; thus, all producers 
and all regions are affected equally on a per- 
centage basis. In contrast to C, the burden of 
the 40% conservation land retirement is con- 
centrated exclusively on producers and re- 
gions with less productive and more erosive 
lands (figure 3). 


Other Considerations 


Retirement of cropland and adjustments in 
conservation and tillage practices affect the 
labor and capital requirements of producers. 
As cropland is retired, the land-labor-capital 
ratios are significantly changed. Theoretically, 
if the land-labor-capital ratio was optimal prior 
to the land retirement and input prices remain 
constant, labor and capital should transfer out 
of erosive areas in response to the reduction in 
land input. However, restrictions on the use of 
erosive land will also lead to increased rents 
for less erosive lands. The increased cost of 
land remaining in production relative to capital 
and labor encourages the substitution of capi- 
tal and labor for land or a shift to more inten- 
sive production on the land remaining in pro- 
duction. The net effect of these forces in the 
alternatives analyzed in this study is an in- 
crease in capital and labor employed in ag- 
riculture (table 5). The problem that is not 
addressed is the transfer within agriculture. 
The magnitude and the difficulty of achieving 
this transfer depends upon the particular form 





Each dot = 50,000 acres 


Figure 2. Location of idle cropland in the soil 
conservation alternative (Alternative B) 
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Each dot = 500,000 acres 


Figure 3. Location of idle cropland in the 
conservation land retirement alternative (Al- 
ternative D) 


of the policy. Issues that affect this transfer 
include whether the policy is short- or long- 
term, whether there is partial or whole farm 
retirement, and the opportunity returns avail- 
able for labor and capital. 

Another issue is the potential impact of this 
capital and labor transfer on rural com- 
munities. Many rural communities depend on 
providing services and inputs for the local 
farm sector. Whole farm retirement in erosive 
areas, for example, could have severe ram- 
ifications for the nonfarm sector of com- 
munities. 

No estimate was made of the administrative 
or enforcement costs of the various policies. 
The costs of inventorying land, measuring soil 
erosion, enforcing compliance, etc., could be 
extremely large unless efficient administrative 
methods are developed. This area needs addi- 
tional research, especially since Section 208 of 
the 1972 Federal Water Pollution Control Act 
Amendments requires states to develop plans 
for controlling nonpoint pollution from ag- 
riculture and silvaculture. 

Throughout, this study concentrated on 
gross soil erosion and application rates of fer- 
tilizers and chemicals rather than on direct | 
measures of environmental quality. There аге - 
two reasons for this approach. First, soil con- 
servation is an important objective in itself. ' 
Second, national information needed to relate 
gross soil erosion and rates of chemical applica- 
tions directly to measures of environmental 
quality is currently unavailable. 


Conclusions 


This study indicates that a conservation- 
oriented land retirement policy can be de- 
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sizned to achieve an increase in net farm in- 
come equivalent to the traditional type of ger- 
eral land retirement, while simultaneously 
achieving a significant reduction in gross soil 
erosion. In addition, these results can be ob- 
tained with fewer chemical inputs and a sig- 
nificantly smaller direct program cost for the 
government. More important perhaps is that 
the analysis demonstrates the economic po- 
tential of analyzing and coordinating various 
ag-icultural policies and policy combinations. 

The separable programming model utilized 
in -his study provides a flexible and useful tool 
for policy analysis. It yields much information 
of the type and detail necessary for effective 
planning. The results, however, need to be 
interpreted in relation to the strengths and lim- 
itations of the model. The model is a norma- 
tive, comparative static, mathemztical pro- 
gramming model with all its standard limiting 
assumptions. In addition, its sheer size — 
while the source of much of its usefulness, 
flexibility, and capacity — presents significant 
data and programming requirements. Finally, 
as zlways, the results can be no better than 
date on which they are based. 


[Received June 1979; revision aczepted 
April 1981.) 
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Net Investment in Farm Tractors: 
An Econometric Analysis 


John B. Penson, Jr., Robert F. J. Romain, and Dean W. Hughes 


A wide range of assumptions about the capital deterioration and marginal factor cost of 
tractors has been made in previous studies. This study develops a measure of the implicit 
rental price of tractors which accounts for the capital structure used by farmers, the 
capacity depreciation of tractors, and income tax considerations. Estimates of net 
investment models for alternative capacity depreciation patterns are compared to those 
suggested by engineering considerations. The results show that the frequently used ; 
geometric decay pattern does the poorest job of explaining annual real net investment in 


farm tractors. 


Key words: capacity depreciation, implicit rental price, real net investment. 


There were numerous econometric studies of 
aggregate investment behavior in the U.S. 
farm sector conducted during the 1950s and 
` 1960s. While these studies investigated a wide 
range of durable inputs, the input receiving the 
most attention was farm tractors. Several 
questionable assumptions in these studies, 
however, have a direct bearing on the spec- 
ification, measurement, and estimation of their 
statistical models. For example, each study 
had to assume how the productive capacity of 
farm tractors depreciates over their service 
lives since the actual capacity depreciation 
pattern is not known. Cromarty assumed the 
productive capacity of a tractor is much like 
that of a light bulb; it does not decline at all 
until the final year of its service life. Heady 
and Tweeten assumed farm tractors wear out 
in a geometric decay fashion. Finally, Gri- 
liches examined the difference between the 
regression estimates based upon these two 
capacity depreciation patterns, concluding that 
"the truth may lie somewhere in between 
these two extremes” (p. 202). The productive 
capacity of the stock of tractors on farms in 
these studies differs sharply from that re- 
ported by Penson, Hughes, and Nelson, who 
estimated a capacity depreciation pattern for 
tractors based upon engineering data. Their 
estimated pattern fell in between the pattern 
assumed by Cromarty and the pattern as- 
John B. Penson, Jr. is a visiting scholar at the Federal Reserve 
Bank of Kansas City, on leave from Texas A&M University; 
Robert F. J. Romain is a research assistant at Texas A&M Univer- 


sity; and Dean W. Hughes is a business economist at the Federal 
Reserve Bank of Kansas City. 


sumed by Heady and Tweeten, as Griliches 


supposed. It was also concave rather than ` 


convex, as suggested by the geometric decay 
pattern. This leads to large differences in the 


annual data for net investment and the existing · 


capital stock, as Penson, Hughes, and Nelson 
show. 
Measures of the marginal factor cost of trac- 


tors in previous studies did not include all the ' 
investment costs suggested by maximization | 


of the present value of owner equity.: 
Cromarty considered only the purchase price , 
of the farm tractor. Griliches included both the : 
purchase price and the nominal interest rate. ! 
All, however, appear to have ignored the real 
after-tax cost of borrowing, investment tax 
credit, tax depreciation allowances, and the 
real after-tax cost of owner equity capital. . 

The purpose of this paper is to develop and, 
test an econometric model of annual real net, 
investment in farm tractors. The implicit rent-! 
al price of capital advanced by Coen is mod- 
ified to reflect the capital structure farmers' 
follow when financing purchases of durable 
inputs. Emphasis is placed on determining 
which of the frequently assumed capacity de- 
preciation patterns most closely approximates 
the statistical estimates based on the engineer- 
ing data pattern developed by  Penson, 
Hughes, and Nelson. 


Determinants of Net Investment 


The aggregate investment behavior model 
used here was developed initially from the 
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theory of the firm in continuous ecuilibrium. 
Conditions of perfect competition and knowl- 
edge were assumed. Then, recognizing that 
perfect knowledge does not exist and lags in 
investment response do, the model was mod- 
ified to include the adaptive expectations and 
partial adjustment hypotheses. 


Desired Stock of Farm Tractors 


If, when making investment decisions, farm- 
ers maximize the present value of equity, they 
would continue to add to their existing stock 
of p.ant and equipment as long as the present 
value of the periodic net cash flows generated 
by an additional unit exceeds the net purchase 
price of the input. For tractors, this can be 
stated algebraically as follows: 


1) aS [2(9Х/9К;) — (@T,/aKj) 
t=1 


= к(ар/аКу) — (9P/aKy)] (1 + p)“ 


> 4'(« - 1) + У, (98,/9Ку)(1 * p], 


where 
(2) (ӘТ,/9К;")  i.(p(0X/8Ky) — r(0D/aK;) 


t 
– g [ai — 8) +5 &(1— 8) (Rj ,7/8K;7)]). 
1=1 


and where р represents the real price farmers 
receive per unit of output, X is the real value 
of farm output, Ку" is the real stock of farm 
tractors measured according to the jth capac- 
ity depreciation pattern. T, is the income taxes 
paid in period expressed in constant dollars, ғ 
i; the real rate of interest on debt capital, D 
‘epresents debt outstanding, P is the principal 
payment expressed in constant dollars, p is the 
real acter-tax opportunity rate of return on 
equity capital desired hy farmers, q’ is the real 
price raid for farm tractors at the retail level, a 
is the proportiun of the investment financed 
with equity capital, i, is the investment tax 
credit rate, Ку” represents the real level of 
replacement investment required in period ¢ 
according to the jth capacity depreciation pat- 
tern, i. is the income tax rate, and 8 repre- 
sents the tax depreciation rate given by 2/n, 
where л is the service life of the tractor. 
The first term on the left-hand side of equa- 
tion (1) is the real marginal net revenue 
excluding interest payments associatec with 
financing a new tractor. The second term is the 
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increase in income taxes expressed in constant 
dollars, while the third and fourth terms are 
the interest and principal paymehts associated 
with the loan on the investment, respectively. 
The right-hand side is the initial cash out- 
flow—down payment minus the investment tax 
credit—plus the present value of all future 
cash outflows necessary to maintain the capi- 
tal stock at its new level. Equation (2) gives 
the increase in income taxes generated by a 
new tractor—marginal net revenue minus 
interest payments and tax depreciation allow- 
ances on the new unit and its replacements, all 
multiplied by the income tax rate. 

Both the principal and interest payments 
[r(8D/8K;) and (8Р/9К;)| are constant over 
time because of our assumption that all future 
replacement investments necessary to main- 
tain the capital stock at its new level are 
financed the same way as the original invest- 
ment. We also assume the length of the loan 
period is the same as the service life of the 
tractor and that farmers expect real prices (p), 
real interest rates (r), and the marginal physi- 
cal product of tractors (0X/3Kj) to remain at 
current levels. These last two assumptions are 
similar to Coen’s. All three allow us to treat 
components of equation (1) as consols, greatly 
simplifying the analysis. 

Maximization of the present value of owner 
equity under the conditions assumed above, 
according to Coen, requires that 


(3) (9X/aKy) = су/р, 


where cj is the implicit rental price of tractors 
associated with the jth capacity depreciation 
pattern. Assume that farm output is produced 
according to the production function, 


(4) X= AL (KPK PSKK), 


where L represents the labor input, К,” repre-- 
sents the real stock of tractors measured ac- 
cording to the jth capacity depreciation pat- 
tern, K; represents the real stock of other 
durable inputs measured according to the jth 
capacity depreciation pattern, К“ represents 
land, K" represents the variable production 
inputs used to produce farm output, and @, B, 
у, ®, and є are partial production elasticities 
associated with L, Ку, Ко, К“, and К”, respec- 


tively.! This, of course, means that the margi- 


! The real productive value of the existing stock of farm tractors 
measured according to the jth capacity depreciation pattern is 
defined later in equation (14). As Z,5, in that equation approaches 
1.0, the remaining fraction of the original productive capacity of 
tractors purchased in year t — k approaches zero. 
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nal physical product for tractors is 
(5) (0X/aK7) = B(X/Kj). 


Substituting equation (5) into equation (3), 
we see that the desired stock of tractors, ac- 
cording to the jth capacity depreciation pat- 
tern, would be 


(6) Ку* = B(pX/cj*, 


where су' represents the implicit rental price of 
tractors associated with the jth capacity de- 
preciation pattern. Equation (6) implies that 
the desired stock of tractors is positively af- 
fected by expected real gross income from 
farming and negatively affected by the ex- 
pected implicit rental price for tractors. Simi- 
lar equations also could be developed for other 
inputs in equation (4). 


Implicit Rental Price of Tractors 


A recent innovation in aggregate investment 
behavior analysis is the concept of the implicit 
rental price of capital. Coen has advanced this 
concept in studies of aggregate investment be- 
havior in the U.S. manufacturing sector. An 
appealing feature of Coen’s work is his explicit 
accounting of the effects that alternative 
capacity depreciation patterns have upon 
marginal factor costs of durable inputs. Coen, 
however, ignores debt financing and the de- 
ductibility of interest payments. In the farm 
sector, where the use of debt capital relative to 
owner equity rose dramatically during the 
1970s, such an omission could seriously 
understate the implicit rental price of tractors 
(Penson). 

To measure the implicit rental price of capi- 
tal, accounting for both debt and owner equity 
financing of capital expenditures, we must 
solve initially for the marginal value product 
of tractors. Substituting equation (2) into equa- 
tion (1) and solving for p(aX/dK;), we see 
that 


EM" oe 
(1 + i4) 
еее = iji + 7 era + o 


t=1 


(7) р(9Х/ӘК;) = 


Y eu — a + р) 


E 


o» qi | 
о t І 
+> | уга - 8-а. '/аК/)| 


(1+ | +7= ыл 
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where Z represents the value of the periodic 
loan payment (principal plus interest) and y is 
the fraction of the purchase price financed 
with debt capital (i.e., у = 1 ~ а). 

Multiplying both sides of equation (3) by p 
and substituting the right-hand side of equa- 
tion (7) into the resulting equation, it can be- 
shown that 


(8) cf = [(9'р)/(1 — Fj)] 
[æ — i, — is(8/(6 + p))l/(1 — i4) 
+ (Z— LP СЕ Tu; 


where 


X hQ + p)", 


(10) 1/0 - F) =1 


oc 


+ V QRyJKP) + py", 


t=1 


(Ш) 8/6 +p) = Ў 801 - ay + ру”, 


and where Ё; is the present value of the stream 
of capacity depreciation of a tractor associated 
with the jth capacity depreciation pattern and 
hj is the fraction of the tractor’s original pro- 
ductive capacity lost in the ith year of its ser- 
vice life according to the jth capacity deprecia- 
tion pattern. Equation (8) suggests that the 
implicit rental price of tractors will increase if 
their purchase price, the cost of debt and 
equity capital, capacity depreciation, or in- 
come tax rates increase. These effects will be 
Offset to some extent by an increase in the 
investment tax credit rate and the deductibil- 
ity of tax depreciation allowances and interest 
payments. The implicit rental price of tractors 
presented in equation (8) is a sharp contrast to 
the measures of the marginal factor cost spec- 
ified in previous studies. 


Desired Net Investment in Tractors 


Annual gross investment for any durable input 
can be partitioned into replacement invest- 
ment and net investment. Replacement at the _ 
sector level is the expenditure required to re- 
store losses in the productive capacity of the ` 
existing capital stock, while net investment is 
the expenditure to expand the existing stock. 
More explicitly, net investment in tractors, 
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measured according to the jth capacity depre- 
ciation pattern, is 


(127 Ng? = Kit Каи = 1 Ку, 
where 
(13 Ry = У haa Lex’, 
k=0 
oc k 
(14) Ку = Y (1 = hj) la, 
k-1 i=l 


and /, represents the level of real gross in- 
vestment in tractors during the year, R;ř is the 
real -eplacement investment needed according 
to the jth capacity depreciation pattern, and л; 
is the fraction of the tractor’s original capacity 
lost in the ith year of its service life. Equation 
(12) states that the net expansion of farm trac- 
tor capacity is equal to the net change in the 
real oroductive value of the stock of tractors 
between successive accounting dates. This 
equation assumes that tractors are originally 
purchased at the beginning of the year and, 
therefore, depreciate by a factor of / in their 
first period of ownership. 

Substituting equation (6) into equation 
(12), we can show that if the adjustment from 
actuzl to desired stocks is completed within 
time period г, the desired expansion of farm 
tractor capacity is given by 


(15) Ny'* = B(pX/cr)* — Ку. 


The amount of time necessary to adjust 
from current to desired stocks, however, may 
be longer than one period, due to institutional 
rigidities and other factors, Also, little is 
known about how farmers form expectations 
about the value of farm output and the implicit 
rental price of durable inputs. 


Statistical and Measurement Procedures 


The approach taken in this study to account 
for the adjustment to desired stocks and the 
formacion of expectations by farmers is to 
utilize the compound geometric lag model de- 
scribed by Kmenta. 


Statistical Model 


The relationship between the desired stock of 

- tractors and current real net investment, mea- 
sured according to the jth capacity deprecia- 
tion pattern, is ` 


(16) № = Of (Kis * — Ky), 
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where 0 < ©; < 1, and O7 represents the par- 
tial adjustment coefficient that describes the 
speed of adjustment of actual stocks to desired 
levels measured according to the jth capacity 
depreciation pattern. If Of = 1, then № = 
Мут. Substituting equation (6) into equation 
(16), we see that 


07) Ny'-OyfB(pX/cy),* — OF Ki. 


If we further assume an adaptive expectations 
hypothesis of the form 


48) (рХ/с;)* — (pX/ cj") 1" 
= Ay[(pX/cf) 

— (pX/cf)ci*], 
where 0 < Af = 1, and Аў is the adaptive 
expectations coefficient, then the estimating 
equation would be 


(19) №" = ӨЈВА /(рХ/су), 
T (1 =, 47) Nga? T 9,*(1 ue Ay) Ky_17 
~ OF Ky? + ш. 


Since K;.,' is, by definition, equal to Ky” — 
№, 1, equation (19) reduces to 


(Q0) Ny? = by bi(pX/cg), 
+ „К + БМ + ш, 


where b, = Oj8X', b; = ~OF — А), by 
(1 — X)(1 — 9j), andy, represents the distur- 
bance term. The estimates of the b, and b, 
coefficients should therefore be positive, while 
b, should be negative. The b, coefficient is 
included here because we are not entirely sure 
a priori that the intercept should be zero. 


Data 


The time series used in this study are annual 
observations over the 1950—78 period. Many 
appear in publications of the U.S. Department 
of Agriculture (USDA); others are published 
by the U.S. Department of Commerce. 

The annual levels of nominal gross invest- 
ment in farm tractors published by the U.S. 
Department of Agriculture (USDA 1979b) 
were deflated to real terms by an unpublished 
fixed weight index of prices paid for farm trac- 
tors provided by the U.S. Department of Ag- 
riculture (7j). 

The values for the А; weights for the en- 
gineering data (ED) capacity depreciation pat- 
tern are those reported by Penson, Hughes, 
and Nelson. Three frequently assumed capac- 
ity depreciation patterns are also examined in 
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this study. The values for the й; weights for Choice of Estimator 
the geometric decay (GD) pattern assumed by 
t Heady and Tweeten are given by ®(1 — The net investment model given by equation 
y, where Ф = 2/n and n = 15. The hy (20) can be viewed as a part of a simultaneous 
weights for the capacity depreciation pattern system of equations that includes other in- 
assumed by Cromarty are equal to 0 for i = 1, vestment equations as well as supply equa- 
, 14, and 1 when i = 15. Likened to the tions for all inputs and the production function 
wear-out of a light bulb earlier in this paper, outlined in equation (4).? However, ordinary 
this capacity depreciation pattern is referred least squares (OLS) was used to estimate the 
to as the one-hoss shay (OHS) pattern by both b; coefficients. The reasons for doing so were 
Griliches and Coen because there is no de- originally articulated by Griliches, Tractor 
terioration in service until it is scrapped. Fi- purchases are ''unlikely to influence agricul- 
nally, the Лу weights for the straight-line (SL) tural product prices in the short run, both be- 
capacity depreciation pattern examined by cause the output effect of these purchases is 
Coen are equal to 1/n, where n = 15. likely to be small and because agricultural 
The annual values for c; are found by using output is subject to relatively large random 
these h; weights in conjunction with equation (weather) fluctuations'' (Griliches, p. 188). 
(9) and then substituting the values of F; into And, the price paid for tractors, as a compo- 
equation (8). We have followed Coen in as- nent of су, is assumed to be predetermined 
suming the real after-tax rate of return desired since ‘‘tractors are produced and sold by a few 
by farmers on their equity capital (p) is con- major firms that announce their price early in 
stant over the economic life ofthe investment the model year and rarely vary it within the 
(Coen, р. 63). The rate of interest on non-real season” (Griliches, p. 189). Thus, p, X, and 
estate loans at commercial banks was used to cj are assumed to be predetermined. 
compute the real cost of debt capital (r). The To assess the effects of this assumption, a 
time-series values for y were found by divid- simultaneous equations estimator was used to 
ing the change in total farm debt by thelevelof estimate the coefficients in equation (20) for 
* — gross investment in durable inputs reported by the ED pattern. Because there were more pre- 
the USDA (1979a,b). The time series for a, determined variables in this simultaneous sys- 
the fraction of capital expenditures for durable tem of equations than observations (n), the 
inputs financed with internal equity capital, is structurally oriented instrumental variable 
equal to 1 — y. Finally, the periodic loan pay- (SOIV) estimator, originally proposed by 
ment (Z) was computed by dividing q'(1 — а) Fisher, was employed. SOIV is more efficient 
by the ейп payment interest factor forr апа than some other ‘агре model"' estimators like 
n. two-stage principal components because it or- 
The quality of the time series for Ny’ and ders the predetermined variables in the model 
K;¢ depends upon how well the values of J, according to how closely associated they are 
reflect quality changes in tractors over time. with the explanation of p, X, and су". The first 
The deflated expenditure series should reflect n — 1 predetermined variables are then used to 
changes in tractor horsepower over time since obtain first-stage estimates of these variables, 
the USDA computes a fixed-weight prices- which in turn are used in a second-stage OLS 
А paid index based on information for five size estimation of the coefficients in equation (20). 
and type categories of tractors. Using this For an indepth evaluation of this estimator, 
index also guarantees that the deflated expen- see Mitchell or Brundy and Jorgenson. 
diture series also will reflect other technolog- 
ical improvements captured in the cost of the 
tractor. To the extent that some quality 
changes are not reflected in the cost of trac- ? The input supply equations include not only the endogenously 


: В ; determined retail input price, but other variables like the capacity 
tors, the coefficient estimates pr esented in the utilization index of the manufacturing sector and wholesale prices 


ERN section will reflect measurement er- of raw materials. Stock demand equations for financial assets as 
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Empirical Results 


The OLS and SOIV estimates of the b; 
coefficients in equation (20) for the ED pattern 
are presented in table 1. Each coefficient has 
the expected sign and is significantly different 
from zero at the 10% level or less. The R? of 
.861 suggests that the variables in equation 
(20) do a good job of explaining annual real net 
investment in tractors. There is also no sig- 
nifizant difference between the coefficient es- 
timates given by the OLS and SOIV es- 
timators since the R’s in the first stage of the 
SOIV estimator were almost 1.0. This sup- 
ports our use of OLS for the other capacity 
depreciation patterns. This conclusion is 
specific to this study and may not be general. 

The OLS estimates of the b; coefficients for 
the GD, OHS, and SL capacity-depreciation 
patterns reported in table 1 also had the ex- 
pected signs. Note the coefficient associated 
with the lagged capital stock in the OHS equa- 
tion was not significantly different from zero at 
the 10% level. Finally, we failed to reject the 
hypothesis of zero autocorrelation at the 595 
level in all the equations in table 1 based upon 
an evaluation of the Durbin h/-test statistic. 
Tkus, no correction for autocorrelation was 
required. 

A comparison of the R? values for the capac- 
ity depreciation patterns investigated in this 
study confirms both the results found by Coen 
and our hypothesis that the ED pattern most 
closely influences actual capital spending de- 
cisions. First, the R? associated with the SL 
pettern (.781) was higher than those for the 
OHS pattern (.774) and the GD pattern (.6667. 
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This is the same ordering Coen found for real 
net investment in equipment by manufacturing 
firms. However, the Ё? for the ED pattern 
(.86.) was even higher. It appears, therefore, 
that both the SL and OHS patterns are better 
proxies for capital deterioration suggested by 
engiaeering considerations than the frequently 
usec GD pattern. 

We can compare these patterns further by 
examining the elasticities associated with the 
(pX 'cf) variable, computed at the mean. The 
elas-icity for the ED pattern was 2.64. This 
samz elasticity for the OHS, SL, and GD pat- 
terns was 2.53, 4.33, and 6.59, respectively. 
Thus, the OHS and SL most closely approxi- 
mate that of the ED pattern. The elasticity 
associated with the GD pattern substantially 
ove-estimates farmers’ investment responses 
to changes in prices, interest rates, taxes, and 
other relevant variables. 

We can also examine the assumption of 
Peterson and Hayami (constant service flow 
over a machine's life) by calculating the partial 
production elasticity for tractors, or В in equa- 
tior. (4), and comparing it to the 8 coefficient 
of the ED pattern. This elasticity for the jth 
capacity depreciation pattern is given by 
— b,;/b2;. The partial production elasticity for 
tractors with the ED pattern was .0303, while 
that for the OHS pattern was .0333. This result 
thus lends support to the Peterson-Hayami as- 
sumption of constant annual service flows. 
However, the coefficient on the lagged capital 
steck in the OHS equation was not sig- 
nifcantly different from zero at the 10% level. 
Both of these elasticities were more than dou- 
ble that calculated for the GD pattern (.0123). 








Table 1. SOIV and OLS Estimates of the Coeffic ents in the Real Net Investment Model De- 
scribed in Equation (20) 
Capacity Depreciation Pattern bo bi bs b; R? 
Engineering data pattern (ED) 
SOIV estimator —.063533 .001226 —.040470 .680080 .861 
(.267565)* .000279) (.022219) (.094767) 
OLS estimator — .06405 5 001277 —.040481 .679792 .861 
(.267625) :.000280) (.022223) (.094810) 
Scraight-line pattern (SL) 
OLS estimator —.014116 .001486 —.066825 .532891 `.781 
(.187595) 1.000334) (.028846) (.121163) 
Cne-hoss shay pattern (OHS) 
OLS estimator —.083466 .001187 —.035510 .666579 774 
(.381876`. 0.000359) (.028933) (.118693) 
Geometric decay pattem (GD) 
OLS estimator —.067464 .001094 —.088872 .339704 .666 
(.149014) (.000250) (.037363) (.145818) 





? Figures in parentheses are the standard errors associated with the coefficients. 
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Considering the partial production elasticity 
for all machinery and equipment calculated by 
Shumway, Talpaz, and Beattie (.1335) during 
1967-76, it appears the GD pattern substan- 
tially understates the role played by tractors in 
agricultural production. Finally, the partial 
production elasticity for tractors with the SL 
pattern (.0222) was considerably lower than 
the elasticity with the ED pattern. 

In summary, the explanatory variables in 
equation (20) did a good job of explaining an- 
nual variations in real net investment in farm 
tractors over the 1950-78 period when the ED 
capacity depreciation pattern was used. While 
the GD pattern is easiest to implement be- 
cause time-series data for R; and Ку are read- 
ily available and the specification of c; is rela- 
tively simple, it represents the poorest proxy 
for the capacity depreciation pattern sug- 
gested by engineering considerations. If an es- 
timate of the ED pattern is not available for a 
particular durable input, the results from this 
study and Coen's show that the OHS and SL 
patterns do a better job of approximating capi- 
tal deterioration in aggregate investment anal- 
ysis than the frequently used GD pattern. 


(Received August 1980; revision accepted 
June 1981.] 
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The Economic Feasibility of Crop Residues - 
as Auxiliary Fuel in Coal-Fired Power 


Plants 


Burton C. English, Cameron Short, and Earl O. Heady 


Risirg fossil fuel costs spark interest in crop residues as a renewabl« energy source. 
Residue costs for combustion in power plants are estimated in 1975 prices to evaluate 
their feasibility. Costs are estimated for farm production, transportztion, and processing 
and bandling at the energy recovery level. They are incorporated in-o an Iowa 
agricultural programming model which includes an electric utility sector. The model, 
including crop production, is solved for several scenarios—a base solution, energy price 
increases, and a sulfur constraint. Under these scenarios, crop residue replaces coal at 


20%, 40%, and 60% of the 1975 Btu's consumed. 


Key words: biomass, crop residue, lowa Linear Programming Model. 


Energy production from renewable resources 
is being discussed and examined. New 
technologies are being developed to use these 
renewable resources in fuel production. The 
United States is a nation rich in domestic 
ene-gy resources, yet large quantities of 
ene-gy are imported. Exxon Corporation ex- 
amined the world’s energy situation and con- 
cluded that a significant shift in the shares of 
energy supplied by various fuels could occur 
by 1990. In addition, they concurred with the 
Project Independence Task Force that syn- 
thetic fuel, solar, and other energy forms 
could be the basis for rapid expansion in future 
energy supplies. This paper examines a solar- 
based energy supply. 

Crops capture solar energy, a flow resource, 
anc combine it with other elements such as 
plant nutrients, water, and carbon dioxide to 
form grains, fruits, and fibers. A future pur- 
pose of U.S. agriculture also may be to pro- 
vide energy. Significant amounts of energy in 
excess of food and fiber requirements may 
come from energy crops, agricultural by- 
prcducts, crop residues, and animal wastes. 

These products and by-products of the ag- 
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riculural production process are forms of 
biomass. Biomass consists of carbon-to- 
carbon bonds. It is in these bonds that energy 
is stored and may be released to provide cru- 
cial -uels in the future. 

The primary fuel stock considered here is 
crop residue, principally of the stalks and 
leaves of crops such as corn grown for grain. 
Now, some of these residues are removed or 
used in situs for livestock feed. For the most 
part, crop residues are incorporated into the 
soil. For every 16 kilocalories (kcal) produced 
throwgh the capturing of energy by plants, 3.9 
kcal are inherent in the residues left after har- 
vestig (Nelson, Burrows, and Stickler). 
Som: or all of the residues left in the field are 
useful for soil conservation, but also may have 
poteatial as a renewable energy source. 


Objectives 


This study examines the economic feasibility 
of using crop residues for direct combustion in 
Iowa's electrical generating power plants. A 
maximizing linear programming model repre- 
senting Iowa's agricultural sector and 
elec:ricity-preducing complex is used to as- 
sess economic feasibility. The economic 
feasibility is evaluated with three different 
possible future scenarios: the Base, Increased 
Energy Prices, and Reduced Sulfur Emis- 
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sions. Under each of these .scenarios, crop 
residues are substituted for 0%, 20%, 40%, 
and 60% levels of coal consumed in 1975 by 
lowa's power plants. The Base assumes 1975 
costs, average 1970—75 yields and production 
prices, and 1975 sulfur emissions regulations. 
Both of the other scenarios assume a doubling 
of 1975 retail energy prices. Sulfur emissions 
are constrained in all solutions; current stan- 
dards are used for sulfur for all scenarios ex- 
cept the Reduced Sulfur Emission where more 
restrictive standards are used along with dou- 
bled energy prices. | 


Study Area and Model 


Towa. is selected as the study area because it 
has a high density of crop residues, and its 
electric utilities are dispersed. Iowa is divided 
into twelve agricultural producing regions 
consistent with Iowa’s soil conservancy dis- 
tricts, and nineteen utility sectors (fig. 1). 
Small utilities (with an annual output of less 
than 5.0 megawatts) are not incorporated into 
the model as the fixed costs of processing res- 
idue for these power plants may be prohibi- 





A indicates power plant location 
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tive. (Incorporation of small power plants 
would not affect overzll results because of the 
small amount of residues that would be used.) 

The linear programming model used in this 
study can be divided into two main compo- 
nents linked together by the production and 
use of crop residues. The model maximizes 
the net returns to crop production in Iowa and 
minimizes the costs of supplying coal and crop 
residues to Iowa power plants. A detailed de- 
scription of the main components of the model 
is given in English et al., but the main struc- 
ture of each component is .described below. 

The power plant component is similar to a 
feed mix model, where the ‘‘feeds’’ are a 
number of different coals and crop residues to 
be combined so that the fuel needs of the 
power plant are satisfied, the sulfur emission 
standards met, and costs minimized. The ob- 
jective for the power plant sector is 


(1) max = У » dux Qum? — m PR, 
а т . m 
and is subject to m fuel constraints: 


(2) B, Onn’ * Ba Rm = BTU,. 


MOMEOL «=A WAPCLLO 





Figure 1. Twelve agricultural regions and power plant location 
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m emission constraints; 


(3) Sn Qu. + Sa Re” = $О2,, 


and m crop residue constraints; 


(4) 


where п = 1 to 9 for 9 coal types and m = 1 to 
1& for 18 power plant locations; Pam Qnm is 
the cost of coal п to power plant m; P,'"R,, is 
the cost of crop residues to power plant т; B,* 
Qam is the heating value of coal n to power 
plant т; B,"R," is the heating value of crop 
residue to power plant т; $,* Quan‘ is the sulfur 
emissions generated from coal n at power 
plant m; S," Rw” is the sulfur emissions gener- 
ated from crop residue at power plant m; 
BTU,, is the quantity of fuel required by power 
plant m; SO2,, is the maximum sulfur emis- 
sions allowed at power plant m for the fuel 
quantity BTU,,; and PROP is the proportion cf 
fuel supplied by crop residues. 

The value for the proportion of energy 
supplied by crop residues is parametized over 
the values 0.0, 0.2, 0.4, and 0.6, with changes 
in the objective function coefficients made to 
reflect size economies in crop residues. The 
coal types include both washed and unwashed 
coal from Iowa and other midwestern states 
and low sulfur western coal from Wyoming. 

For several reasons, 6096 was selected as 
the upper limit on the amount of coal to be 
replaced with crop residues. Green estimates 
that up to 60% of the coal could be replaced 
before particular emission standards would be 
exceeded without additional particulate col- 
lectors. Crop residues also have lower density 
than most coals, so a reduction of boiler 
cepacity is likely where power plant boilers 
are, designed to close specifications for a low 
ash-high BTU coal. For older traveling grate 
furnaces in Iowa, the 60% limit is a reasonable 
approximation of the amount of coal that can 
be replaced.! However, early attempts at 
burning MSW in suspension boilers were suc- 
cessful only in very large units but the installa- 
tion of a dump grate in the bottom of two 
Ames suspension boilers allowed 2095-2596 of 
the coal to be replaced and further modifica- 
tions are expected to raise this limit to 30%. 
Thus, the upper limit of 6096 coal replacement 
with crop residues for retrofitting boilers in 


B" Кы” = (PROP) BTU,, 


1 As stated by Merlin Hove, City of Ames, Iowa, the traveling 
grate furnaces in Ames have successfully operated with up to 60% 
of the coal replaced with municipal solid waste. 
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Iowa is a maximum with likely technology in 
the near future and may not be feasible with- 
out derating some of the boilers. Only costs of 
boiler modification similar to those incurred in 
Ames are included in the objective function.. 


The crop production component maximizes 
returns to crop production defined as returns 
to land and management: 


тах = Y > РО – У 2. У 
t J h ci k 
by (Тым Lys" Ty Глы"), 


subject to 2 jl land constraints; 


5 b» (Lut + Logan”) = La, and 


һ к 


5 Lg = 
h k 
ij production constraints; 
Q/* Q^ УУ 
. h k 


Y (Ya! Liga" + Yasir Ly"), 
1 


2 j crop residue constraints; 


Ку = by 2. 2» Yo Гат", 
Wo "x 


Ў Ry = у у У Узы" Гат” 
h 1 k 
m 


Li’, 


and soil loss is estimated by 


$ = 22 У У, Gua? ам" + Sus] Га"), 

h k l 

where i = 1 to 8 for crops produced, j = 1 to 12 
for 12 producing areas, л = 1 to 40 for crop 
rotations, k = 1 to 12 for 12 conservation and 
tillage practices, / = 1 to 5 for 5 land classes, 
апі m = 1 to 18 for the power plants; P,Q; is 
the value of crop i produced in producing area 
J; Тим Laga? is the cost of production for rota- 
tion А in region j with conservation/tillage 
practice k on land class / with crop residues 
removed for combustion in power plants; 
Lise’, Гызы? are the amounts of land used for 
rotation й in region j with conservation/tillage 
practice k on land class / without and with the 
removal of crop residues for combustion, re- 
spectively; Lj, is the total amount of land 
available in region j, land class /; Ly” is the 
total amount of land available in the power 
plant collection areas; Yp is the yield per 
rotation acre of crop i in rotation Л, region j, 
with conservation/tillage practice k on land 
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class /; Qj is the amount of crop i required for 
livestock feed in region j; Q2 is the amount of 
crop i sold in region j; Yn” is the harvested 
residue yield per rotation acre for rotation л in 
region j, with conservation/tillage practice k 
on land class /; Rj is the amount of residues 
required as livestock roughage in region j;? 
Rm is the amount of residues required by 
power plant location т in region j; 5ш“, Shik? 
are the soil losses generated by rotation k in 
region j, with conservation/tillage practice k 
on land class / for rotations in which residues 
are removed and without residues removed, 
respectively; and S is the total amount of soil 
loss. 

Net agricultural returns can be derived by 
subtracting the objective function for the 
power plant component from the overall objec- 
tive function. The costs of producing agricul- 
tural commodities included in the objective 
function coefficients consist of labor, ma- 
chinery, pesticides, energy, and fertilizers. 
Returns to land and management are deter- 
mined endogenously by the model. The ag- 
ricultural sector uses energy in the production 
and harvesting of crops: direct energy re- 
quirements for machine operation and crop 
drying are computed and indirect require- 
ments of energy for agricultural chemicals are 
included. The use of coal and crop residues 
requires energy; and finally, the power plant 
component uses energy for transportation and 
processing. The amount of energy by fuel type 
is quantified as an important result and is 
needed to change objective function values for 
the scenario displaying increased energy 
prices. 


Crop Residue Costs 


The costs of crop residues are estimated for 
three stages of crop residue production and 
energy conversion—farm level, transporta- 
tion, and processing and handling at the power 
plant. Costs included in the farm level stage 
are harvesting and agronomic costs with initial 
storage of the residues assumed to occur on 
the farm. Transportation costs are estimated 
as a function of unit transportation costs and 
the size and shape of the collection area, the 


2 This constraint insures that aftermath demands assumed in the 
exogenous livestock rations will be met. This was done to develop 
a model reflecting current uses. It is true that once crop residues 
have a market demand, then this quantity would vary. No attempt 
is made here to estimate this. 
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latter depending on the location and size of the 
plant. Processing and handling costs at the 
power plant include capital investment in 
buildings and equipment, wages, and opera- 
tion and maintenance costs. The processing 
and handling system requires both the reduc- 
tion of residues to a homogenous size and 
short-term residue storage. Processing and 
handling costs are subject to considerable 
economies of size, which also depend on the 
power plant. 


Farm Level Costs 


The removal of crop residue has possible ad- 
verse agronomic effects from reduced organic 
matter and moisture retention capacity, in- 
creased susceptibility to erosion, and the lost 
fertilizer value of the plant material. While 
organic matter generally is recognized as a 
valuable soil amendment, there is not a clear 
relationship between crop residue removal 
and yields. Adams, Morris, and Dawson found 
that stalk removal had no effect on yields for 
continuous corn with and without a cover crop 
or for corn grown in rotation. Triplett and 
Mannering conclude that nonlegume crop res- 
idues seem to have little value except in ero- 
sion control. Bauer actually found that adding 
residues had either no effect or a slightly de- 
pressing impact on yields. Thus, it is assumed 
that no yield penalty or other cost is incurred 
as residue is removed. Substantial costs are 
incurred because of the loss of the fertilizer 
value of the residues removed. Additional 
amounts of the major plant nutrients— 
nitrogen, phosphorus, and potassium—have 
to be applied to maintain yields. When res- 
idues are incorporated into the soil, not all of 
the nutrients become available to next year’s 
crop. Residues decay over long periods of 
time, releasing only a fraction of the nutrients 
in any year. To estimate the value of these 
residues, a decay schedule is used to estimate 
the discounted present value of the flow of 
nutrients. Broadbent, in a literature review on 
the mineralization of organic nitrogen, found a 
range of decay rates from less than 1.0% to 
10%. It is assumed that the decay rate for 
nitrogen and phosphorus is 5%. Potassium is 
not discounted because it is readily washed 
out of crop residues and becomes readily 
available to the succeeding crop.? The net dis- 


? Personal communication with W. D. Shrader, Department of 
Agronomy, lowa State University, August 1977. 
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counted fertilizer value, or the opportunity 
cost of fertilizer, is shown in table 1. 

Many studies have been made of the costs 
of harvesting plant materials using a variety of 
harvesting systems. Five basic packeging sys- 
tems are examined: (a) small rectangular 
bales, (b) cubing, (c) large rectangular bales, 
(d) large round bales, and (e) stacks. The first 
two systems are not economically viable. 
While costs of large round and rectangular 
bales are competitive, difficulties are foreseen 
in handling and storing these residues. Large 
stacks have several advantages over other sys- 
tems in residue harvesting. The stack can be 
placed at the roadside without protection since 
stack deterioration is less than would occur 
with other harvesting systems. Truck mounted 
stack-movers have been developed to facili- 
tate transfer. Finally, assuming w:ndrowing 
would not be necessary and that 1,000 tons are 
harvested per year per stack harvester, they 
are the least costly. This finding concurs 
with those of Abdullah and Hitzhusen. 


Transportation Costs 


Transportation costs are a small but an impor- 
tant portion of total costs. They are zn increas- 
ing function of transportation distance, so a 
series of costs is estimated for a range of aver- 
age round-trip distances.^ The averege round- 
trip distance depends on the size and shape of 
the collection area which, in turn, depends on 
the total quantity of crop residues Cemanded, 
the density of crop residue within the area, the 


* Jsing expected round trip distances has implications for the 
institutional arrangements by which crop residues ere collected If 
eack farmer were to deliver his own residue and the power plants 
are not discriminating monopolists, then the marginal distance 
should be used. 


Table 1. Discounted Present Valu2 of Nutri- 
ents per Ton of Crop Residue Removed by Crop 


Fertilizer value? of 








Total 
Crop Nitrogen Phosphorous Potassium Value 
------------- (S/ton)------------- 

Corn 1.39 0.32 2.67 4.38 
Oats 0.75 0.31 3.32 4.38 
So-ghum 1.35 0.24 2.63 4.22 
Soybeans 2.88 0.38 2.08 5.34 
Wheat 0.76 0.10 1.93 2.79 





? Fresent value calculated in 1975 dollars using a 10% discount 
rate and prices of 18e, 26c, and 10е per pound for nitrogens, 
phosphorus, and potassium, respectively. 


Amer. J. Agr. Econ. 


demand for residues by competing uses, and 
the proportion of farmers harvesting residues. 
The collection areas for crop residues reflect 
an assumed 2595 participation rate, as recom- 
mended by Shrader. Although this increases 
transportation costs, we think this assumption 
is necessary to make the model realistic. 

In most of the Midwest, the road system is 
an east-west, north-south grid. The loci of 
points equidistant from each power plant form 
a diamond shaped area. A marginal transpor- 
tation distance is selected so that the amount 
of available residues is equal to that required 
by the power plant. Assuming that crop res- 
idues on a given section of land are harvested 
once every four years and livestock residue 
feed demands are met, the average transporta- 
tion distance is two-thirds the marginal or 
perimeter distance.) Per ton transportation 
costs, including loading and unloading costs, 
are $0.76, $0.95, $1.05, $1.20, $1.50, and $2.00 
for round trip distances at 4, 10, 15, 20, 30, and 
50 miles, respectively (English et al.). 


Processing Costs 


Costs of processing crop residues are esti- 
mated from hypothetical processing plants. 
Facilities do not now exist that are designed 
and built to prepare crop residue for energy 
conversion. Like a solid waste treatment 
plant, the flow line ofthe hypothetical process- 
ing plant has four main elements.® Modifica- 
tions for introducing crop residues into the 
boilers are included in these costs. Estimates 
of processing and handling costs show consid- 
erable economies of size (table 2). 

Capital costs, in 1978 dollars, are annualized 
using a capital recovery factor with a 10% 
discount rate and a square type depreciation 
schedule (Smith).”? The processing equipment 
is assumed to have a useful life of twenty 
years, while a six-year life span is assumed for 
the pneumatic system. Salvage values are as- 
sumed equal to dismantling costs. The costs of 


5 The expected distance is determined from Ij 17? (x + y) (2/2) 
dydx = 2/3r, where a coordinate system in x and y is used. x + y is 
the transportation distance, r is the perimeter distance, and 2/r? — 
fe, (у) is the probability density function for a random selection 
from anywhere within the perimeter. 

é The four main elements include the tipping floor where res- 
idues are received, the size reduction equipment (assumed to be a 
hog, as used in the forest industry) which reduces residues to a 
homogenous size, storage facilities, and, finally, boiler modifica- 
tions to permit residue burning. Conveyors are needed between 
the main elements. 

7 These costs were developed with the help of Harvey Funk and 
Dan Morriouri of Henningson, Purham, and Richardson, Omaha, 
Nebraska. 
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Table 2. Capital Costs for Crop Residue Processing and Handling Plants 





Processing Plant Capacity in Tons per Day 











Item 100 300 600 900 1200 
2------—--------------------- ($ (һоий,)---------------------------- 

Sitework 112.4 135.6 145.7 153.7 160.1 
Buildings 168.6 368.7 673.2 1,016.0 1,377.9 
Equipment 666.4 951.7 1,150.8 1,390.7 1,532.3 
Rolling 

stock 38.1 51.4 95.8 95.8 95.8 
Engineering & 

contingency 249.1 330.6 450.2 586.9 689.8 
Pneumatic 

system 154.3 154.3 154.3 154.3 154.3 

Total 1,388.9 1,992.3 2,670.0 3,397.4 4,010.2 








the pneumatic system and for the modifica- 
tion of existing boilers were those incurred at 
Ames, Iowa, in adapting to municipal solid 
wastes (Kosolchareon). While individual capi- 
tal cost components may differ, the total capi- 
tal costs are similar to Abdullah and Hitzhu- 
sen. For a 100-ton-per-day crop residue- 
processing facility, the capital costs assumed 
here are $1.39 million compared to Abdullah 
and Hitzhusen’s estimate of $1.43 million. The 
economies of size in processing and handling 
crop residues outweigh diseconomies of size 
in transportation. This indicates that the low- 
est total costs for crop residues will be in- 
curred by the larger power plants (table 3). 


Results 


Crop residue use affects crop production, 
energy consumed, nitrogen demanded, ag- 
ricultural production cost, and net income. 
The impacts of utilizing crop residues on 
Iowa's agricultural sector are first examined, 
then the economic viability of using crop res- 


Table 3. Total Costs of Crop Residues to the 
Power Plant 


Processing Plant Capacity in Tons per 





Year 

Cost 
Stage 24,800 74,400 148,800 223,200 297,600 

----------- ($Лоп)----------- 
Farm level 11.68 11.68 11.68 11.68 11.68 
Transportation ‚79 91 99 1.05 1.11 
Processing and 
handling? 12.66 6.11 4.28 3.63 3.22 
Total 25.13 18.70 16.95 16.36 16.01 





* Includes capital costs, operating and maintenance costs, and 
labor costs. 


idues are determined by examining the costs 
and benefits of residue use compared to coal 
use. 

As energy prices increase, total changes in 
energy use, measured in Btu’s, do not vary 
significantly from one scenario to another. 
However, energy use by the agricultural sec- 
tor increases with removal of crop residues. 
Energy use from conventional fuel sources 
(other than coal) increases with the substitu- 
tion of crop residues. This increase is far less 
than the coal energy replaced by residues (ta- 
ble 4). Thus, the use of crop residues results in 
a large reduction in total energy from coal and 
a small increase in the use of diesel, natural 
gas, electricity, and liquid petroleum gas. 


Impacts on Iowa’s Agricultural Sector 


The total value of endogenous crops exceeds 
$3 billion in all scenarios examined. The ag- 


Table 4. Total Energy Use by Source of 
Energy 











Source 
Natural Elec- 
Scenario Coal Diesel Ges tricity LPG? Total 
-----—----- (trillion Btu's)----------- 
Base 
0 118 41.3 35.0 1.3 13.3 208.9 
20 94 42.2 ; 36.0 1.5 13.4 187.1 
40 71 43.7 37.0 1.7 13.6 167.0 
60 47 46.0 37.9 1.8 13.7 146.4 
Increased energy prices 
and reduced sulfur emissions 
0 118 40.8 31.9 1.2 12.2 204.3 
20 94 41.6 32.9 1.4 12.4 182.3 
40 71 43.3 34.0 1.6 12.6 162.5 
60 47 45.5 34.9 1.7 12.7 141.8 





® Liquid petroleum gas. 
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ricultural sector is affected by increased 
energy prices and by the amount of residues 
harvested for the power plants but is, of 
course, unaffected by reduced sulfur emis- 
sions; the gross value of crops produced is 
icentical for both the Increased Energy Prices 
aad Reduced Sulfur Emissions scenarios. The 
gross value of crops produced is 1.78% lower 
ir. these scenarios than the base scenario vith 
no coal replacement (table 5). As the percent- 
age of coal replaced with crop residues rises to 
69%, the gross value of crops produced de- 
creases to 0.54% of the value produced in the 
Base Scenario. This shift is for the most part 
caused by a shift from soybean to corn pro- 
duction, a higher residue-yielding crop. 

Nitrogen use decreases between 8.5% to 9% 
at all levels of crop residues as energy prices 
increase. The harvesting of crop residues re- 
sults in additional nitrogen requirements of 10, 
20, and 30 thousand tons to replace the nitro- 
gen used in crop production as cropping pat- 
terns change. More nitrogen-intensive rota- 
tions are required as residue demand in- 
creases. 

Several components must be examined be- 
fore net income is derived. As previously men- 
tioned, the objective function includes not 
only the costs and returns attributed to ag- 
ricultural production, but also the minehead 
costs, transportation and handing costs of 
coal used by Iowa’s power plants, and the 
transportation and processing costs of crop 
residues. When these componenis are added 
to the objective function, net income to the 
crop and crop residue-producing portion oi the 
agriculture sector is derived. Net income then 
is the monetary return to Iowa farmers, but 
does not reflect any cost for land, manage- 
ment, or the risk aspects of agriculture (table 
6). As 20%, 40%, and 60% levels of crop res- 


Table 5. Gross Value of Crops Marketed and 
Percentage Changes between and within the 
Scenarios 


Value of Crops for 








Reduced 

Percentage of Base Increased Erergy иг 
Coal Replaced Scenario Prices Emission 

M E ($ mill.)-—--------- 

0 3,461.5 3,399.9 3,399.9 

20 3,467.4 3,404.6 3,404.6 

40 3,475.1 3,383.7 3,383.7 

60 3,483.3 3,381.6 3,381.6 
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idue use are assumed, a respective decrease 
in net income of 1.36%, 2.81%, and 4.17% 
occurs in the Base scenario. Thus, the farmers 
must receive at least this amount as a return 
on labor and capital used before residues will 
be provided to the power plants. 

As energy prices increase and sulfur levels 
are further restricted, the net income decrease 
is much less. This loss in net income is due 
primarily to the agronomic and harvestings 
costs borne by the farmer. An additional cost 
is incurred because of shifting crop patterns. 


Economic Feasibility of Crop Residues 


The costs of crop residues include both direct 
and indirect costs (table 6). The direct costs 
are those attributed to harvesting; transport- 
ing, and processing the residues plus the ag- 
ronomic costs of nutrient replacement. The 
indirect costs include those due to cropping 
pattern shifts caused when residues are 
supplied by farmers. Other costs of crop res- 
idues, such as organic matter maintenance 
and decreased productivity over the long run, 
and benefits, such as reduced pesticide use 
and reduced fall plowing, are not incorporated 
within the scope of the study. These compo- 
nents would affect the indirect costs of crop 
residue. 


On a Btu basis alone, the use of crop 
residues becomes economically feasible only 
when coal and other energy prices double 
from approximately 1977 levels (table 7). 
Even at this point, the feasibility of residues is 
marginal. If the benefit of the sulfur contribu- 
tion is credited, however, the doubled coal 
and energy price scenario indicates crop res- 
idues are indeed feasible with a net benefit of 
$0.25 and $0.43 per million Btus (MMBtu) for 
the 20% and 60% levels, respectively. If sulfur 
emissions are further constrained, this added 
benefit increases to $0.36 and $0.49 per 
MMBtu. This last scenario is perhaps most 
relevant because power plants usually meet 
legal constraints by a wide margin.® 

The costs incurred by farmers and the 
power plant operators are shown in figure 2. 
These results are consistent over all the 
scenarios, though the percentages differ 
slightly because of increased energy costs. 
The figure shows that the farmer's share of the 


5 From information provided to the public at the Iowa Depart- 
ment of Environmental Quality public information meeting, 14 
July 1977. 
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Table 6. Values for the Objective Function, Coal Cost, Transporting and Processing of Crop 


Residues, and Net Income, by Scenario 





Value for the 











Objective Coal Transporting and Net 
Scenario Function Cost Processing of Residues Income 
-2--<------------------------ ($ mill.)--------------------------- 
Base 
0 1,215.1 99.7 0 1,314.8 
20 1,208.3 79.0 9.5 1,296.9 
40 1,202.7 58.5 16.6 1,277.8 
60 1,202.0 38.1 19.9 1,260.0 
Percentage change 
from base for 111 ---------------------------- (%)---------------------------- 
Increased energy prices 
0 —19.8 157.3 0 —14.0 
20 —19.5 157.8 121.8 —14.5 
40 —19.3 +158.5 137.9 —15.0 
60 —19.0 +160.9 156.8 -15.3 
Reduced sulfur emissions 
0 —23.4 201.3 0 —13.9 
20 —22.2 +199.0 121.8 —14.5 
40 . —-21.3 -- 200.8 137.9 —15.0 
60 —20.1 +191.0 156.8 —1$.5 








costs increases as the percentage of residue 
used increases. This increase is primarily due 
to the fixed costs inherent in the power plant’s 
processing facility, a large capital investment. 

This analysis does not include any costs as- 
sociated with risk. In addition, the hypotheti- 


Table 7. Economic Feasibility of Crop Res- 
idues When Evaluated on a Btu Basis Alone 


Percentage BTU Replace- 
ment of Residue for 











Coal at 
Type of Fuel 
by Scenario 20 40 60 
----- ($/MMBtu)----- 
Base 
Coal 0.84 .83 0.81 
Crop residue 1.14 1.12 0.90 
Difference? —0.30 —0.29 —0.09 
Double energy prices 
Coal 1.30 1.30 1.28 
Crop residue 1.40 1.40 1.15 
Difference? —0.10 —0.10 +0.13 
Double coal and 
energy prices 
Coal | 1.65 1.65 1.58 
Crop residue 1.40 1.40 1.15 
Difference? +0.25 +0.25 +0.43 
Reduced sulfur emissions 
Coal 1.76 1.71 1.63 
Crop residue 1.40 1.40 1.15 
Difference? +0.36 +0.31 +0.48 


a Negative quantities indicate lower costs for coal, while positive 
figures show lower costs for residues. 


cal processing plant may not be optimum in 
the real world. Additional benefits received by 
farmers for their residue harvesting efforts, 
including reduced fall plowing and reduced 
need for pesticides and herbicides, are not in- 
corporated into the analysis. These benefits 
could allow the power plant to pay less to 
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farmers than otherwise. Recall that the 60% 
replacement level is not currently feasible for 
all power plants. The economics for a particu- 
lar power plant must be examined on an indi- 
vidual basis, as was done for two power plants 
by Abdullah and Hitzhusen. 

The results of this study suggest that under 
the rapid upward trend in energy prices, the 
use of crop residues may indeed be feasible. 
This development could permit a large reduc- 
tior. in low-sulfur coal use for a small increase 
in cther conventional energy sources. 

V/hile this study indicates that residues are a 
feasible feed stock for electrical generation, 
several parameters should be examined in a 
mo-e detailed manner. These parameters in- 
clude the farmers’ willingness to hervest res- 
idues, the farmers’ opportunity cost, and es- 
timates of actual plant capacity for stover 
combustion. Each of these variables is local 
in nature as they will change from one power 
plaat to another. Before recommending that 
power plants incorporate residue as a feed 
stock, a study of area farmer attituces toward 
res.due harvesting and storing should be con- 
ducted. 


[Received March 1980; revision accepted May 
: 1981.] 
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Agricultural Export Dumping: The Case of 
Mexican Winter Vegetables in the U.S. 


Market 


Andrew Schmitz, Robert S. Firch, 


and jimmye S. Hillman 


This paper examines the 1978 agricultural dumping charge brought by Florida winter 
vegetable producers against Mexican growers. It discusses ‘‘fair value” in the context of 
three antidumping criteria: prices at home and abroad, selling below cost of production, 
and third-market test. The U.S. Department of Commerce found in favor of the Mexican 
producers by using the third-market test—a test which leads to ambiguous results. It is 
the authors’ contention that the law should be changed so that future cases can be 
decided on a ‘‘normal business practice” concept, accounting for production and costing 


decisions unique to highly perishable products. 


Key words: agricultural dumping, fair value, normal business practice. 


Among international trade economists, the 
term ‘‘dumping”’ usually refers to cases where 
the good is either exported abroad at a price 
below that set in the home market or it is sold 
to importers at a price below production costs. 
Most of the theory and legal cases have in- 
volved manufactured goods. The antidumping 
case examined in this paper deals with highly 
perishable agricultural products. The case is 
the October 1978 dumping charge brought by 
Florida winter vegetable producers against 
Mexican growers. Because of climatic condi- 
tions, Florida is the only major geographic 
area in the United States that can produce 
substantial volumes of fresh vegetables during 
the winter months. These vegetables are mar- 
keted in the United States and Canada. Com- 
peting for these markets with Florida pro- 
ducers are Mexican growers situated in the 
state of Sinaloa. Slightly more than half of the 
tomatoes, cucumbers, peppers, eggplants, and 
squash sold in the United States and Canada in 
the winter months come from Mexico.! Of 
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! Excellent data from which to make comparisons between the 
Florida and Mexican vegetable industries are contained in 
McCalla and King; Simmons, Pearson, and Smith; and Zepp and 


the five major items considered (tomatoes, 
cucumbers, peppers, eggplants, and squash), 
Mexico’s market share increased through 
much of the early part of the period consid- 
ered, at the expense of Florida’s share, even 
though Florida’s absolute production level in- 
creased. 

In contrast to manufactured goods, dump- 
ing investigations for perishable agricultural 
commodities have been rare. During 1976, 
twelve antidumping investigations were con- 
cluded, but no agricultural products were in- 
volved. However, there were some agricul- 
tural antidumping cases in other years, for ex- 
ample, Concord grapes from Canada (1969) 
and chicken eggs from Mexico (1971) and 
from Canada (1975). However, the U.S. Trea- 
sury Department, in investigating the com- 
plaint by the Florida vegetable industry 
against Mexican producers, did not use the 
approaches established: in these cases; appar- 
ently they provided little or no precedent for 
appropriate methods to be used. 

The antidumping investigation was initiated 
by the U.S. Treasury Department under the 
provisions of the Antidumping Act of 1921, as 
amended. The Act requires a Tentative De- 


Simmons (1979, 1980). In addition to general production and mar- 
keting trends unfavorable to Florida growers, short-term phenom- 
ena have permitted increases in Mexican vegetable exports. These 
include the Florida winter freeze in the 1976-77 crop year and the 
devaluation of the Mexican peso in 1976. 
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termination to be announced after a specified 
period of time. However, Florida interests 
withdrew their petition on 25 July 1979. Sev- 
eral agencies of the U.S. government had re- 
quested the wi-hdrawal of the petition in the 
hope that a resolution could be negotiated and 
Mexican interests would agree to restrict their 
shipments to the U.S. market under special 
cizcumstances. Such a solution would have 
precluded further action under the Antidumr- 
ing Act. Efforts to negotiate a settlemert 
failed, and on 19 October 1979 the petition was 
refiled. The Tentative Determination (5 No- 
vember 1979) found that certain fresh winter 
vegetables from Mexico were not being sold et 
less than fair value within the meaning of the 
Act. 

On 1 January 1982, the antidumping provi- 
sions of the Trade Agreements Act of 1979, 
which amended the Tariff Act of 1930, became 
effective. The Antidumping Act of 1921 was 
repealed, and the responsibility for dumping 
determinations was transferred to the U.S. 
Department of Commerce. The transition 
rules in the 1979 act were sufficiently vague so 
that the Department of Commerce first ruled 
that the antidumping investigation of Mexican 
vegetables had been automatically terminated 
at the transition date. Later it ruled that con- 
tinuation of the investigation was consistent 
with the intent of Congress. The Final Deter- 
mination became effective on 28 March 1980. 
The summary statement of findings, ‘‘that cer- 
tzin fresh winter vegetables from Mexico are 
not being sold at less than fair value within the 
meaning of Section 735 of the Tariff Act of 
1930, as amended" (U.S. Department of 
Commerce, p. 1), was virtually identical with 
that of the Tentative Determination. 

In this paper, we discuss three dumping cri- 
teria which have been used to determine ''fair 
value": (a) comparing prices at home and 
abroad, (b) selling below cost of production, 
and (c) comparing prices in two or more im- 
port markets (the third-country test). We 
Show the inconsistencies which can arise 
among these various tests and how the con- 
cept of fair value permits a wide scope for 
analytical techniques and judgment in case 
analysis. The outcome of the Mexican-Florida 
lawsuit is then discussed in the context of both 
law and economics. We argue that the lew 
should be changed so that economic analysis 
can play a more effective role in determining 
fair value in dumping cases. Specifically, we 
contend that the final decision by the U.S. 
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Department of Commerce should have been 
based, at least in part, on a cost-of-production 
criterion to reflect both the nature of agricul- 
tural production and norma] business prac- 
tices. Instead, the Department used the 
third-market test (i.e., comparing U.S. and 
Canadian prices for vegetables from Mexico). 
This is because a cost-of-production test, as it 
is now written into the law, cannot be applied 
to most agricultural goods. 

This case is important for several reasons. 
First, the outcome was unpredictable because 
of the relatively unconstrained method of in- 
vestigation. Most substantive dumping cases 
have been in manufactured goods. In these 
cases, either or both of the following criteria 
have been used: (a) selling abroad at a price 
below that charged at home and (b) selling 
abroad at a price below the cost of production. 
The agricultural dumping case discussed in 
this paper is somewhat unique because (a) an 
agricultural good is considered for which there 
is little legal precedent; (5) the cost of produc- 
tion has a different meaning for agricultural 
than manufactured goods because of the im- 
portance of weather, storage problems, and 
implicit pricing of land and family labor; and 
(c) in this case, there is no home (Mexican) 
market. Second, the methods used to investi- 
gate the dumping of Mexican vegetables may 
establish important precedents for future 
dumping investigations of other perishable 
commodities. Third, the finding of no dumping 
in this case may discourage other U.S. pro- 
ducers of perishables from pursuing dumping 
investigations of foreign competitors. 


The Theory of Dumping and Tests Used 
in Antidumping Investigations 


Generally, dumping is understood to mean 
that a product is exported at a price lower than 
that at which the identical or similar product is 
sold by the same producers in the exporting 
country's domestic market (Corden). This 
subject has received much attention in the 
commercial policies and tariff legislation of 
most countries. Also, there is a General 
Agreement on Tariffs and Trade (GATT) An- 
tidumping Code which, in certain cases, 
legitimizes antidumping tariffs. 

An extreme case of dumping is shown in 
figure 1. Suppose the supply schedule for ex- 
port producers is 5 and marketing is carried 
out by an exporter-grower association which 
has monopoly power. The demand in the ex- 
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Figure 1. Export dumping: importer price 
below home market price 


porting country (domestic market) is Dg, while 
D, is the demand in the foreign market. Under 
an optimal price strategy, the exporter will 
charge price Pg in the domestic market and P; 
in the foreign market, which is below the 
domestic price. (This solution is determined 
by equating S with the sum of the marginal 
revenue schedules, MR; and MR,.) Pricing in 
this way is dumping. However, to price in this 
manner, the exporter has to be a monopolist. 

The case examined here is more interesting 
than many antidumping investigations in man- 
ufactured goods because the important crite- 
rion used in antidumping cases—selling 
abroad at а. price below that in the home 
market—could not be used. Fresh winter veg- 
etables produced in Sinaloa, Mexico, are pro- 
duced with the sole intent of sale for export. 
Except for an insignificant amount, exporters 
sell into the Mexican market only those vege- 
tables that fail to meet the high-quality stan- 
dards for export to the United States and 
Canada. Geography and transportation costs 
exclude Sinaloa from profitable sales in the 
population centers of Mexico. In effect, simi- 
lar merchandise is not sold in the home mar- 
ket. 

Sometimes dumping is described as export- 
ing below the costs of production. In figure 1, 
if this criterion had been used instead of the 
relative prices among markets, no dumping 
would have occurred. The cost of producing 
Ов + Q is only P*, clearly below both the 
domestic and export prices. As a result, the 
conclusion whether or not dumping has oc- 
curred is dependent on the criterion used. As 
figure 1 shows, if an industry behaves as a 
monopolist, dumping does not occur if the sell- 
ing below-cost criterion is used. But it does 
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occur if the criterion of selling abroad cheaper 
than at home is employed. | 

With perishable agricultural products, the 
criterion of selling below cost of production 
reflects a different meaning than for manufac- 
tured goods. Unfortunately, as the law now 
stands, no distinction is made between the 
two. On economic grounds, this makes little 
sense. Weather plays a major role in the pro- 
duction of farm products; hence, outcomes are 
not known at the time the crops are planted. 
At harvesttime, a grower may not be able to 
sell his product at a price high enough to cover 
both fixed and variable costs; yet, he may 
decide to harvest and sell the crop if the price 
will cover harvesting costs. 

Later it will become clear why, if the De- 
partment of Commerce wanted to rule in 
Mexico’s favor, it did not use the cost-of- 
production test. Instead, the Treasury De- 
partment argued that, since the first criterion 
could not be used, a price comparison should 
be made between Canada and the United 
States and, if the prices were similar, the an- 
tidumping case could not be supported. This 
criterion is illustrated in figure 2. The export 
supply is S, but the domestic demand is ab- 
sent. There are two importers represented by 
demand D and the total demand schedule, TD. 
Under purely competitive conditions, the ex- 
porter would receive P* in both markets. Be- 
cause domestic demand is absent, the most 
widely used criterion of comparing prices at 
home and abroad is inappropriate for deter- 
mining if dumping is occurring. Clearly, dump- 
ing is not taking place if the price charged in 
both markets is P*. However, does this test 
lead to results consistent with the other widely 
used criteria? Also, dces it show that dump- 
ing is not, in fact, occurring? One problem 
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Figure 2. Export dumping: the use of the 
third market test 
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with the third-country test is that it can lead 
to results inconsistent with ths costs-of- 
production criterion. Suppose that the true 
supply curve is S, instead of 5 in figure 2. In 
this case, the price needed to cover the cost cf 
producing Qr is P,. If sales are made at P*, area 
P,abP* must te made up from past profits, 
government subsidies, or a depletion of fixed 
czpital. Here the exporter charges the same 
price, P*, to the two importers. This is aot 
dumping under the third-market criterion, but 
it is under the criterion of selling below соз. 
As a result, it does not necessarily follow that 
tke third-country criterion leads to results 
consistent with the more commonly used 
criterion—selling below the costs of produc- 
tion. Even if the third-market test were met 
(i.e., P* was charged in both markets ignoring 
transportation costs) virtually no conclusions 
can be drawn about dumping. If 5, :s the supp:y 
curve and price P* is charged, then dumping 
exists. If, on the other hand, S is the supply 
curve, dumping does not occur. If the third- 
market test is met, one can say that either 
dumping has occurred in both markets or it 
has occurred in neither. That is ell. 

The third-market test to determine fair value 
seems to have as its basis the model in figure 1, 
where D, and D; are now demand curves for 
importers (the home market demand is absent) 
and S is the exporter supply curve. In the 
Florida-Mexican case, if D; were the demand 
in the United States and Dg the demand in 
Canada, dumping would have occurred in the 
U.S. market at price P;. In the absence of 
subsidies in the export countries, dumping is 
occurring even when the exporter is making 
excess profits in both markets through price 
discrimination. These results are modified 
only slightly when a supply curve is intro- 
duced in the import market. 

Dumping should not be confused with phe- 
nomena caused by differences ir. production 
costs. If producers in an importing country 
continue to lose their market skare through 
time even when competing imports are not 
subsidized, dumping is probably not occurring 
since export producers cannot sell below pro- 
duction costs forever. Consider figure 2, 
where TD is the demand by the United States 
and Canada fcr fresh vegetables. Assume that 
S is the supply in Mexico and 5, :s the supply 
of fresh vegetables in the United States. The 
difference in these supply curves could »e 
due, for example, to labor costs differences. 
The free market price is P'; OQ? of the market 
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is supplied by Mexico and only OQ, by the 
United States. If the difference between § and 
S, widens and is not offset by tariffs, then the 
U.S. market share will continue to decline. 
This is not because of dumping—it is caused 
by factors which make vegetable production 
cheaper in Mexico than in the United States. 
On the other hand, if the distance between the 
two supply curves narrows through time, it is 
again difficult to argue that dumping is occur- 
ring. How does one dump effectively and still 
lose market share through time? 


The Interplay of Law and Economics 


For antidumping investigations, the law estab- 
lishes this basic premise: Generally, sales at 
less than fair value occur when merchandise 
exported to the United States is sold in the 
United States at a price which is less than (a) 
the price of such or similar merchandise sold 
in the home market; (6) in the absence of a 
viable home market, the price at which it is 
sold in the third country; or (c) the con- 
structed value. The latter closely resembles 
the cost-of-production criterion discussed ear- 
lier. The preeminent concept in dumping in- 
vestigations and their determination is clearly 
fair value. It was certainly the intent of the 
Congress to give broad latitude to the inves- 
tigating agency to define fair value and atten- 
dant procedures. This is surely a reflection of a 
recognition that the characteristics of produc- 
tion, marketing, and pricing vary a great deal 
from one commodity to another and the im- 
possibility of anticipating the peculiar charac- 
teristics of any one commodity that might be- 
come the subject of a future investigation. An 
important corollary of the concept of fair value 
is that its definition should be consistent with 
normal business practice so that marketing 
and pricing practices considered ‘‘normal’’ for 
a particular commodity would not lead to a 
dumping finding. 


Normal Business Practice for Perishable 
Agricultural Products 


An understanding of the economics of produc- 
tion, marketing, and pricing of fresh vegetable 
commodities and the willingness to let this be 
reflected fully through the normal business 
practice doctrine was crucial in the Final De- 
termination that Mexican vegetables had not 
been dumped in the U.S. market. If a substan- 
tially lesser role was given to economics— 
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and, therefore, a larger role for a literal appli- 
cation of the law—a finding of dumping most 
likely would ‘have resulted. 

The distinction between fixed and variable 


costs has important significance for highly 


perishable agricultural commodities. Because 
it is basically a biological process, agricultural 
production, once initiated, is largely beyond 
the control of the farmer. Maturity of the 
product means that the farmer has from a few 
weeks to a few hours, depending upon the 
commodity, to harvest it or suffer rapid de- 
terioration in its economic value. The fresh 
vegetables at issue here can be harvested any 
week of the year somewhere in North Amer- 
ica. Because of this continuous production, 
high storage costs relative to the value of the 
product, and the deterioration of the product 
when stored, it is not feasible to store fresh 
vegetables for more than a day or two. Under 
these circumstances, when the commodity is 
mature enough for normal harvest, the rational 
farmer looks -at the prevailing price for the 
product; and if that price exceeds the variable 
harvesting and transfer costs, he must harvest 
and sell the product. Following this course, 
the farmer usually will recover all of his vari- 
able costs and at least a part of his fixed.costs. 
Always waiting for a price that covers full 
costs of production will increase the likelihood 
of bankruptcy rather than continued survival 
of the firm. 

Of all fresh vegetables and melons sold. by 
U.S. farmers in 1977, potatoes ranked first in 
total value, lettuce ranked second, and to- 
matoes ranked third. Potatoes are relatively 
storable compared to lettuce and tomatoes, 
which can be stored for only a few days. Table 


Table 1. 
during 1968—78 
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1 vividly illustrates that sales below full cost 
were common for California lettuce and 
Florida tomato growers over the ten-year pe- 
riod, 1968—78. The two California lettuce- 
producing districts are the largest in the 
United States. Florida's riper tomatoes are 
produced on stakes and trellises, to be har- 
vested at a more advanced level of maturity. 
Florida's green tomatoes are grown without 
supporting devices and must be harvested in 
less mature condition. 

Table 1 shows clearly that fapiens do com- 
monly harvest and sell their products at prices 
below full costs. Florida growers might say 
that the only reason for doing this is Mexican 
producers damage their markets. This expla- 
nation has little credence because below-cost 
sales are much more common for California 
lettuce, which has no Mexican competition in 
the U.S. or Canadian markets. It is also true 
that a higher proportion of Mexican tomato 
sales are riper tomatoes than is the case with 
Florida. Of the four combinations of area and 
commodity reported in the table, the one hav- 
ing the most direct and persistent competition 
from Mexico also has the lowest incidence of 
below-cost sales. 

Table 2 shows that failure to recover full 
cost is common not cnly for week-long periods 
but also for entire production seasons and is 
independent of competition from Mexico. At 
the end of each production season, University 
of Florida researchers interview Florida veg- 
etable producers to estimate-total costs and 
sales revenues for each of the principal com- 
modities. They treat the two types of tomato 
production separately. These two types of to- 
matoes and the other four vegetables (cucum- 


A Comparison of the Occurrence of Below-Full-Cost Sales of Tomatoes and Lettuce 


Total Weeks with 





i Total Weeks Some Sales below All Sales below 
Commodity of Data Full Cost Full Cost 
2----—----------- (ф0)---—-------------- 
Riper tomatoes— f 
Florida 162 20.4 1.2 
Green tomatoes— 
Florida . 185 36.2 14.6 
District lettuce— 
Imperial Valley 151 68.2 30.5 
District lettuce— . : 
Salinas- Watsonville 269 66.5 25.3 





Source: Firch. 
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Table 2. A Comparison of Net Returns and Variability of Returns for Florida Vegetable Com- 
modities with and without Competition from Mexico, 1968-78 


Six Vegetables 
with Mexican 
Competition? 


Six Vegetables 
without Mexican 
Competition? 





Total sales value . 


1977-78 $259,795,000 $236,054,000 
Years of less.than 

full-cost recovery 16 of 60 15 of 60 
Weighted average: 

net returns per acre* $249.50 $116.33 
Standard deviation of . . 
_ net returns per acre? _ $303.27 $201.41 
Percent return on cost 10.8 11.1 
Standard deviation of 

percent return on cost 15.0 18.9 





Source: Firch. à 
? Lettuce, sweet corn, celery, potatoes, cabbage, and radishes. 


* Two types of tomatoes, cucumbers, peppers, eggplants, and squash. 
© Annual values adjusted to 1972 dollars using GMP Implicit Price Deflator. 


bers, peppers, eggplants, and squash) are six 
commodities that compete with the zontrover- 
sial Mexican trade. For purposes of compari- 
son, the six vegetables (lettuce, sweet corn, 
celery, potatoes, cabbage, and radishes) with 
the highest sales value but no Mexican compe- 
tition were also studied (table 2). 

The costs included in table 2 do not include 
management or capital costs in this very risky 
business activity. Therefore, in about one year 
out of four, Florida vegetable growers re- 
ceived no payment for their management skills 
and risks and also failed to cover other costs. 
There does not seem to be any significant dif- 
ference in the frequency of net losses between 
the two groups of commodities. Tomatoes 
have both higher costs and higher sales reve- 
nue per acre. This largely explains the higher 
net returns per acre for the six commodities 
with Mexican competition. The average per- 
centage of return is slightly lower for the 
commodities with Mexican competition, but 
these commodities have substantially lower 
variability of returns. Economic theory and 
observation strongly suggest that law average 
returns normally correlate with low variability 
of returns. The fact that standard deviations 
are larger than the average values. indicates 
great profit variability and the relatively high 
probability of net losses in any given year. 


Application of Tests for the Existence of 
Dumping 


In the antidumping case examined here, the 
U.S. Treasury and Commerce Departments 


realized that the common test (i.e., foreign 
merchandise sold in the United States at a 
price below that of similar merchandise sold in 
the home market) could not be applied be- 
cause the Mexican vegetables are produced 
with the sole intent of export. Thus, the Trea- 
sury and Commerce Departments chose to 
apply the third-country test rather than the 
constructed value (cost of production) test. 
The method used in applying the third-country 
test seems to satisfy the mandate of the law, 
but the economic interpretation of the findings 
can be judged only as ambiguous. That is, 
even though it was shown statistically that 
prices in Canada for fresh vegetables behave 
similarly to those:in the United States, it can- 
not be inferred (without additional evidence) 
that dumping has not occurred. 

A general observation of the market for 
fresh vegetables functioning at Nogales, 
Arizona (the U.S. port of entry for Mexican 
vegetables) suggests that there is no purely 
economic discrimination between U.S. and 
Canadian buyers. Brokers in Nogales repre- 
senting Mexican growers try to get the highest 
possible price because their income is a direct 
function of sale price. Salaried buyers and 
brokers representing buyers in the United 
States and Canada work to get the lowest price 
they can for any given quality. With many 
buyers and sellers operating in this market, it 
is impossible for any systematic price differ- 
ences between U.S. and Canadian buyers to 
exist after the effects of other relevant eco- 
nomic variables have been considered. In ad- 
dition, it is difficult to imagine that price elas- 
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ticities for the commodities would be different 
between Canada and the United States. As 
figure 1 shows, differing price elasticities must 
exist for successful dumping to occur if sub- 
sidies are not given by the exporting country. 
Identical or similar per capita demand curves 
do not yield a price discrimination solution. 
A crucial issue in applying the third-country 
test was whether actual below-cost sales 
should or could be included in the analysis. 
Exclusion of below-cost sales would reduce 
the number of available observations on 
Canadian sales, thereby jeopardizing the 
legitimacy of the third-country test. Excluding 
below-cost sales might also raise daily prices 
to Canadian buyers relative to prices to U.S. 
buyers, thereby increasing the probability that 
statistical tests would find significantly differ- 
ent prices in the U.S. and Canadian markets. 
In its Final Determination, the government 
chose to confront this problem as follows: 


These standards would not require the disregarding of 
below-cost sales in every instance, for under normal 
business practice in both foreign countries and the 
United States, it is frequently necessary to sell obso- 
‘lete or end-of-model year merchandise at less than 
cost. . . . Thus, infrequent sales at less than cost, or 
sales at prices which will permit recovery of all costs 
based on anticipated sales volume over a reasonable 
period of time would not be disregarded. . . . (U.S. 
Department of Commerce, p. 16) 


The Commerce Department thus found ample 
basis for applying the normal business practice 
doctrine. This is consistent with the discussion 
in the previous section of this paper. Counsel 
for the Mexican interests submitted substan- 
tial material arguing that below-cost sales 
were a common and persistent practice, while 
counsel representing the Florida interests 
made no submissions on this issue even 
though, as shown, the same phenomenon oc- 
curs in the United States. 

In its Final Determination, the Commerce 
Department stated: “Тһе conclusion that 
there is no price discrimination between the 
U.S. and Canadian markets was tested by 
means of an F-test on regression analysis” (p. 
19). It reiterated: ‘Тһе results of the F-test 
performed on the regression show conclu- 
sively that there is no discrimination in the 
pricing of fresh winter vegetables sold in the 
U.S. compared with those sold in Canada" (p. 
19). The Commerce Department gave further 
support for its conclusions by stating: 


Further, given the clear statistical evidence of the 
unitary nature of the markets and the absence of any 
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barriers to the free flow of this merchandise across 
the U.S.-Canadian border, any sustained price dis- 
crimination in favor of U.S. buyers almost certainly 
would result in arbitrage (the reselling of merchandise 
by a U.S. buyer to a Canadian buyer for a profit). 
There is no evidence that any such practice occurs. ` 
(p. 19) 


While the government may have amply 
demonstrated that the Mexican produce is 
sold at the same price to U.S. and Canadian 
buyers, thus fully satisfying the language of 
the law, two different economic conclusions 
are possible because Florida producers also 
supply about half of the Canadian purchases of 
fresh winter vegetables. On purely economic 
grounds, one could conclude that there is 
either no Mexican dumping in U.S. or Cana- 
dian markets or that there is dumping in both. 
The Final Determination does not provide the 
basis for determining which conclusion is cor- 
rect. This casts doubt on the validity of the 
third-country test, especially when the United 
States is a substantial exporter to the same 
third country. 

The cost-of-production test for the exis- 
tence of dumping requires, in effect, that each 
sale price exceed the constructed value. The 
law and precedents of previous findings allow 
the constructed value to be only the full cost of 
production plus 8%. If this criterion had been 
used here, Mexico would have been found 
guilty of dumping. However, it is clearly a 
normal business practice for both Florida and 
Mexico producers to sell below full cost of 
production plus 8%. 

The Commerce Department in its Final De- 
termination stated that 


use of constructed value is not required by the 1979 
Act, . . . expresses a general preference for the use of 
third country sales, rather than constructed value, 
where home market prices cannot be used. Further- 
more, use of constructed value in this case would 
produce a result that manifestly disregards economic 
reality. . . . The use of a unitary price, such as 
constructed value, in circumstances such as those 
presented by this case would necessarily result in less 
than fair value sales even though sellers are acting in a 
normal, indeed in a necessary, way given the nature 
of the industry. Thus, use of constructed value would 
be inappropriate because it. would require finding that 
an accepted, reasonable and economically necessary 
practice is unfair. (p. 22) | ) 
Because the Commerce Department appar- 
ently saw insufficient latitude to apply the 
normal business practice doctrine within the 
constructed value test, a conclusion reason- 
able on economic grounds could not be 
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reached. It then used a normal business prac- 
tice argument to justify not using the con- 
structed value test. 

In the vegetable antidumping case, it is clear 
that, unless the Mexican government provides 
export subsidies and/or production subsidies, 
iz is impossible for growers to sell continu- 
cusly below cost.? Growers cannot use profits 
from domestic sales to support such an activ- 


iy. 
Other Available Data 


To provide additional evidence on the dump- 
ing question, a regression trend analysis was 
£pplied to shipments of each of the five 
vegetables— tomatoes, peppers, cucumbers, 
squash, and eggplant—for every consecutive 
ten-year period from 1962-63 through the 
1978—79 season. The results in table 3 provide 
insight into the relative success af the Florida 
and Mexico fresh winter vegetable industries 
in competing for the U.S. and Canadian mar- 
kets over the seventeen seasons ending with 
the 1978-79 season. The interpretation of table 
3 is, for example, that the total sales of 
tomatoes—from all sources during the winter 
season—increased at an average rate of 
753,400 thirty-pound cartons per year during 
the period beginning with the fall of 1962 and 
ending with the spring of 1972. The asterisk 
following the 753.4 figure indicates a very low 
probability that the annual increase is really 
zero. A very high level of statistical reliability 
is associated with the measured trend. 

The data show that the trend in total sales 
for each of the five vegetables has been pcsi- 
tive throughout the period studied. Therefore, 
the competition between Florida and Mexico 
Aas occurred within an expanding total mar- 
xet. The competition would be much more 
severe if the total quantity absorbed by the 
market were either static or declining over 
zime. In addition, the trend values show 
clearly that the total quantity absorbed by the 


2 The brief prepared fcr the Florida vegetable industry con- 
tended that excess profits were made by the Mexican producers 
during periods when the Florida producers had no, or very few, 
products for sale. Since this happened only during the freeze 
period, the increased earnings by Mexico are not excess profits 
resulting from a permanent monopoly. 

? An examination of quantity data reveals that reported ship- 
ments by sources other than Florida and Mexico increased by 
extremely large prcportions during the 1975-76 season for cucum- 
bers and the 1976-77 ѕеаѕсл for tomatoes, peppers, and squash. In 
order to circumvent possible distortions in shipment data from 
other areas, trends were measured on only the combined ship- 
ments of Florida and Mexico. 
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market for each of the five vegetables has not 
only been increasing over this seventeen-year 
period but has been increasing at an increasing 
rate. Over the 1969—79 period, the annual 
growth of combined Florida and Mexico 
shipments has increased at an annual rate of 
4.296 for tomatoes, 7.866 for peppers, 5.996 for 
cucumbers, 13.4% for squash, and 7.3% for 
eggplant. These rates are substantial when 
compared with the growth in real U.S. total 
disposable income of 2.9% during the same 
period. Per capita consumption of most fresh 
fruits and vegetables produced in the United 
States has declined since 1950. 

Consider the period 1969-79. Shipments of 
tomatoes, peppers, and eggplant from Florida 
increased substantially more than the respec- 
tive shipments from Mexico. Cucumber ship- 
ments from Mexico increased slightly more 
than shipments from Florida, and shipments of 
squash from Mexico increased more than 40% 
over shipments from Florida. (Based on the 
total value of Florida's shipments of the five 
vegetables for the 1977—78 season, cucumbers 
represented less than 976 and squash less than 
396 of the total.) Florida achieved this dominant 
competitive position in the third era despite 
unusually damaging cold weather during 
1976-77 and 1977-78. On a total product weight 
basis, Florida captured 65% of the total market 
growth in the 1969-79 period. Shipment data 
for 1962-79 show clearly that, in the early part 
of this period, Mexico had a strong advantage 
which it effectively exploited as its industry 
rapidly expanded and Florida’s declined. To- 
ward the end of the 1962-79 period, however, 
Florida’s shipments increased much more rap- 
idly than Mexico’s. Florida has been competing 
effectively with Mexico in recent years. To sus- 
tain dumping allegations in this relatively free 
market clearly would be inconsistent with the 
current competitive situation. 


Conclusions 


As this paper shows, the application of the 
antidumping laws to highly perishable com- 
modities, such as fresh vegetables, presents 
formidable problems of economic analysis. 
The third-country test, as applied in this case, 
can lead to ambiguous results. The con- 
structed value, or cost-of-production, test may 
lead to a finding of dumping even when foreign 
producers behave in a manner identical to 
U.S. producers whether or not import compe- 
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Table 3. Changes in the Annual Trend of Shipments of Winter Vegetables for Selected Ten-Year 


Periods, Fall 1962 through Spring 1979 









































Vegetable 1962-72 1966-76 1969-79 
-------------------- (thousands of containers)-------------------- 
Tomatoes 
Florida 702.8 (2.7) 372.9 (34.8) 1,375.4 (*) 
Мехісо 1,509.6 (*)> 781.0 (6.8) 448.8 (28.1) 
806.8 (*) 1,153.€ (0.1) 1,824.1 (*) 
Total 753.4 (*) 1,081.1 (0.1) 3,754.0 (0.1) 
Peppers 
Florida 15.6 (86.5) 194.4 (13.9) 474.2 (*) 
Mexico 355.3 (0.1) 319.3 (1.3) 244.4 (4.2) 
339.8 (0.2) 513.7 (0.1) 718.6 (*) 
Total 374.8 (0.3) 626.0 (*) 1,214.5 (*) 
Cucumbers‘ 
Florida 107.6 (2.6) 45.4 (44.4) 189.3 (*) 
Mexico 355.6 (*) 221.0 (1.8) 203.2 (2.0) 
248.0 (*) 266.3 (0.1) 392.4 (*) 
Total 278.7 (*) 558.6 (1.7) 805.2 (0.2) 
Squash 
Florida 2.4 (84.0) 41.7 (3.8) 106.7 (*) 
Mexico 70.5 (*) 60.5 (*) 152.5 (0.5) 
68.2 (*) 102.3 (*) 259.2 (*) 
Total 39.5 (1.0) 100.9 (*) 427.3 (*) 
Eggplant 
Florida 23.8 (10.2) 42.3 (7.0) 89.0 (*) 
Mexico 92.8 (*) 93.6 (0.1) 50.7 (1.3) 
69.0 (0.1) 136.0 (*) 139.7 (*) 
Total 68.4 (0.1) 134.2 (*) 176.5 (*) 





Source: U.S. Department of Agriculture and Florida Department of Agriculture and Consumer Services. 
? Figures in parentheses indicate the percentage of probability that the number immediately preceding it is not significantly different from 


zero; probability less than 0.0596. 


> Asterisk indicates that the annual increase is not significantly different from zero. 
* Total shipments of cucumbers for the 1967-68 season were adjusted because the published data showed the sum of Florida and Mexico 
to be more than total shipments. The adjustment assumed that areas other than Florida and Mexico shipped a quantity in 1967-68 that 


was on a linear trend of the 1962-72 period. 


tition is present. It seems clear that the Con- 
gress did not intend for the latter to occur. 
What are the appropriate solutions to this 
apparent incompatability of the law and eco- 
nomics? The law should be changed. Either 
perishable agricultural commodities should be 
exempted from the law or the law should be 
changed to allow the application of more 
sophisticated economic and statistical analy- 
ses. The models used should have the capabil- 
ity to distinguish between normal and abnor- 
mal behavior of foreign producers, the behav- 
ior of U.S. producers being standard. In the 
current law, exporters of perishable agricul- 
tural products have a difficult time defending 


themselves in antidumping suits if the cost- 
of-production criterion is used to determine 
fair market value. A normal business practice 
concept should be explicitly incorporated into 
law for perishable agricultural products. Sup- 
porting this concept indirectly, as the U.S. 
Department of Commerce seems to have done 
under the third-market test, has little eco- 
nomic justification. However, it is clear that, 
given the current law, such a strategy is sensi- 
ble for the U.S. government if it wants to 
pursue trade liberalization with Mexico. 


[Received November 1980; revision accepted 
May 1981.) 
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Simulating the Impacts of Credit Policy and 
Fertilizer Subsidy on Central Luzon Rice 
Farms, the Philippines 


Mark W. Rosegrant and Robert W. Herdt 


The effects of credit policy and fertilizer subsidy on farmers’ input choices, production, 
and income are examined with a multiseason decision-making model. Stochastiz 
production technology, risk-neutral and risk-averse decision rules, short-term 
savings/consumption behavior, and a dual financial market are considered. Results 
indicate the risk-neutral rule is more consistent with actual choices than risk-averse 
rules. Estimated yields increased 21% to 30% from joint credit and fertilizer subsidies. 
Benefits are greater on irrigated than on rainfed farms. A substantial default rate in the 


institutional market reduces credit program benefits. 


Key words: credit policy, fertilizer subsidy, Philippines, rice, risk aversion, simulation. 


Credit and fertilizer subsidies are used by pol- 
icy makers in many developing countries, 
including the Philippines. Their effects on 
farmer choice of inputs, production, and in- 
come on mono-crop rice farms in Central 
Luzon are examined in this paper. Prior to 
1973/74, few Philippine rice farmers had ac- 
cess to institutional credit, primarily because 
of high collateral requirements imposed by 
private banks (Sacay). A series of typhoons in 
1972 reduced the rice crop by 16% over the 
previous three-year average, and during the 
same year (1972) the entire country was 
brought under a land reform program that was 
expected to restrict severely the credit tradi- 
tionally provided by landlords to share- 
tenants. Attempting to boost rice production, 
the government increased the flow of low-cost 
credit to rice farmers in 1973/74 through a 
program called Masagana 99 (World Bank, 
chaps. 6, 7). 

During Masagana 99’s initial year, farmers 
were allowed to borrow up to 900 pesos per 
hectare (P/ha) per six-month season. In 1974/ 
75 the loan limit was increased to P1,200/ha 
(P7.30 = US$1.00 between 1973 and 1979). 
These production loans are available at an ef- 


Mark W. Rosegrant is a research fellow at the International Food 
Policy Research Institute, Washington, D.C. Robert W. Herdt is 
an agricultural economist at the International Rice Research Insti- 
tute, Los Bafios, Philippines. 


fective interest rate, including service charges 
and discounting, of approximately 1696 per 
year. In 1974/75, over 4096 of national rice 
area was financed under Masagana 99, but 
financing declined to about 10% in 1977/78. A 
major cause of this decrease was the fre- 
quency of defaults on Masagana loans, dis- 
qualifying farmers from further borrowing 
under the program. 

The primary alternative source of produc- 
tion loans is the informal financial market. 
Credit availability in this sector varies, but 
surveys conducted by the International Rice 
Research Institute (IRRI) indicate a range of 
effective credit ceilings of P300—P600/ha in 
Central Luzon. Informal market interest rates 
vary from 30% to 100%, with average rates of 
45% to 50% (Rosegrant 1978, Manto and Tor- 
res). 

The Philippine government also has sub- 
sidized fertilizer prices. A two-tier fertilizer- 
pricing system was established in 1973, when 
fertilizer supplies in the international market 
were growing tight and world prices were in- 
creasing rapidly. A subsidized price was estab- 
lished for rice and other food crops, with a 
higher price for export crops, set to reflect 
import and marketing costs. This system con- 
tinued until 1975/76, after which a uniform, 
subsidized price applied to all crops (table 1). 

Rice production increased at more than 5% 
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ТаЫе 1. 
Subsidies, Philippines 
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Prices of Nitrogen and Phosphorus Fertilizer (P/kg) for Rice and Export Crops and 








Price for Price for Rice Production 
Rice Production Export Crops Subsidy 

Crop 

Year Nitrogen Phosphorus Nitrogen Phosphorus Nitrogen Phosphorus 
1973/74 2.15 2.56 3.82 4.22 1.67 1.66 
1974/75 4.38 3.83 7.07 6.48 2.69 2.65 
1975/76 3.97 3.84 6.24 6.34 2.27 2.50 
976/77 3.68 4.09 3.68 4.09 0.72 1.21 
.977/78 3.68 4.09 3.68 4.09 0.22 0.51 








Source: Fertilizer and Pesticide Authority, Republic of the Philippines. 
* Equal to the difference between the price for rice production and for export crops 1973/74 to 1975/76; equal to import plus marketing 


costs less sale price for 1976/77 and 1977/78. 


per year in the Philippines during the 1970s 
(U.S. Department of Agriculture [USDA]). 
Obviously, many factors contributed; an im- 
portant question is the contribution of credit 
and fertilizer subsidies. Evaluation of these 
»olicy instruments can be either normative or 
20sitive. Comparison of credit program partic- 
¿pants with nonparticipants in three Luzon 
provinces shows that the former borrowed 
roughly twice as much and spent about 5096 
more on rice production inputs than the latter 
(Herdt and Rosegrant). However, the rela- 
tively small samples studied and the effects of 
differences in weather, quality of irrigation, 
and technology prevent one from causally 
linking the policies with the observed differ- 
ences. Also such comparisons cannot separate 
the effects of credit from fertilizer subsidies. 
Modeling the decision process within a norma- 
tive framework is an alternative that meets 
these objectives. 

The normative framework is a multiseason 
model incorporating stochastic production 
technology, risk-neutral and risk-averse deci- 
sion rules, short-term savings/consumption 
behavior, and a dual financial market with in- 
stitutional and informal sectors. Systematic 
behavioral assumptions govern allocation of 
funds within the model. 

À problem with modeling credit use is ihat 
fungibility of credit permits program funds to 
be diverted from their intended purpose into 
other enterprises or consumption (Von Pis- 
chke and Adams). Diversion to alternative en- 
terprises is a minor problem in the Central 
Luzon area of this analysis—IRRI farm sur- 
veys show that rice occupied 88% of the total 
cropped land of rice farmers in 1979, and that 
livestock enterprises were minimal.! Some di- 


1 Rice farm labor income accounted for 90% of farm earnings 


version to consumption probably does occur 
despite the dispersion of credit in the form of 
chits redeemable in kind. However, credit 
regulations make this difficult to detect. 

Between 1973/74 and 1975/76, rice farmers 
could have sold fertilizer intended for rice to 
the unsubsidized sugar sector, but this oppor- 
tunity was limited by the small area planted to 
sugar in Central Luzon. Following termination 
of the two-tier price system, there was little 
opportunity for arbitrage. Adequate supplies 
of fertilizer were available at prevailing prices. 
Thus, the model estimates an upper limit of 
the likely production impact and provides a 
basis for separating the impact of fertilizer 
subsidies from credit subsidies. 


The Model of Farmer Decision Making 


Previous microlevel analyses of the impact of 
credit policy on farm decision making have 
utilized mathematical programming models 
(Naseem, Ladman, and Whitaker). The Lad- 
man and Whitaker models are static, one- 
period models; all three models have deter- 
ministic production relationships and a single 
credit market. The dynamic model presented 
here incorporates stochastic production rela- 
tionships and a dual credit market that is 
characteristic of rural areas in the Philippines 
and most developing countries. 


Operation of the Model 


The flow chart in figure 1 outlines the model. 
Initiafly, output and input prices and initial 


and 7596 of household labor earnings in another study conducted 
in three rice-growing municipalities of Central Luzon in 1974 
(Guino). Still another study showed that in 1978 rice provided 8596 
of farm income in Laguna province of Luzon (Smith and Gascon). 
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Figure 1. Flow chart of farm decision-making model 


savings are set and farm characteristics spec- 
ified to determine a yield distribution for any 
set of inputs. The financial market in which the 
farm borrows determines its interest rate and 
credit ceiling. The net income distribution for 
any input level can then be computed and op- 
timal input levels chosen by the specified deci- 
sion rule, subject to the credit ceiling. 

The actual yield is generated by random 
sampling from the yield distribution corre- 
sponding to the optimal input level, and actual 
net income is computed. If net income ‘plus 
nonfarm income is greater than subsistence 
requirements, savings are carried forward to 


the next season to begin another iteration. If 


total income is less than subsistence, the farm 
defaults on its loan and, if necessary, borrows 
from the informal credit market to cover sub- 
sistence requirements. Savings is computed, 
and the next iteration begins with the farm 
denied access to the institutional market be- 
cause of default. If total income exceeds sub- 
sistence requirements, the farm remains in the 
institutional market and begins the next itera- 
tion. 

To solve the model for mean input use, 
yield, and income over several seasons, the 
decision/outcome process is represented as a 
finite Markov chain process (Chung, Feller). 
The states а;, ds, . . . , аһ in the Markov 
process are determined by savings level and 
financial market access. Any state a; deter- 
mines input choice when the decision rule is 
specified and parameter values (such as rice 


price and input costs) are set. Input choice 
implies a yield distribution, which is used to 
compute the row of transition probabilities ру, 
ј = 1,..., m of moving from state а; at the 
start of one season to а; at the start of the 
following season. Computation of transition 
probabilities for all a; provides the Markov 
transition matrix. Specification of the distribu- 
tion of farms across states in the initial season 
then permits solution of the model for the 
mean values of input use, yield, and income in 
any subsequent season. 


Farm Characteristics 


Farms are differentiated by tenure status 
(fixed or sharecrop rent), irrigation quality, 
seepage and percolation rates, and season of 
operation. The latter three define a water re- 
gime. The water regime determines the dis- 
tribution of moisture stress in the production 
function (described below), thereby determin- 
ing the frequency distribution of yield for any 
input level. 


Prices 


The prices of rice and the inputs (nitrogen, 
phosphorus, insecticide, and herbicide) can be 
set in the model to represent any desired pol- 
icy mix. Actual prices of nitrogen and phos- 
phorus are jointly determined by the prices of 
major fertilizer products containing these nu- 
trients. This is reflected in the model by con- 
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straining the ratio of nitrogen to phosphorus at 
XE 


Decision Rules 


Decision rules which have been utilized in 
modeling farmer behavior have been reviewed 
elsewhere (Anderson). A safety-first rule, to 
maximize the net returns which can be ob- 
tained with a fixed confidence level, is used 
here because it permits consistent specifica- 
tion of a range of attitudes toward risk (Dillon 
and Scandizzo, Moscardi and de Janvry, 
Roumasset). When the shape of the net in- 
come distribution is known, the decision rule 
is to maximize d, where d = u — ko, and u is 
expected net income, o is the standard devia- 
tion of net income, and k is the risk-aversion 
coefficient. 

The coefficient k specifies the safety-first 
confidence level, or level of probability along 
the cumulative distribution of net income. For 
a given distribution, the larger the value of К, 
the greater the degree of risk aversion. If k — 
0, the decision rule is risk neutral. 


Income Allocation 


Income is allocated between consumption and 
savings. Levels of subsistence consumption 
and nonfarm income are set, and income allo- 
cation behavior is specified as a marginal 
propensity to consume out of income in excess 
of subsistence consumption requirements: 


L=; + Im 
C=M + allı - M), 
S= 5„ + 1, — С, 


subject to I, =-M, where /, is total income, I; is 
farm income, J, is nonfarm income, C is con- 
sumption, M is the subsistence consumption 
level, a is the marginal propensity to consume, 
S, is total savings carried forward to the fol- 
lowing production season, and S, is savings 
from the previous season retained after pur- 
chase of inputs. 

When total income is less than subsistence 
consumption, the constraint is not met, and 
consumption cannot be determined by the re- 
lationship above. In order to make up the con- 
sumption deficit and meet subsistence con- 

‚ sumption requirements, the farmer fails to 
repay either all or part of any production loan 
he has obtained. Deficit-reducing behavior is 
determined in the financial market. 
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Financial Market 


Farms face a capital constraint set by the level 
of internally generated savings and by the 
availability of credit from the financial market. 
Total spending on fixed and variable costs in a 
given season cannot exceed savings brought 
forward plus new borrowing. The maximum 
amount of credit available and its cost can be 
set within the model to reflect any desired 
credit policy. 

Money can be borrowed from either institu- 
tional lenders or informai money lenders. All 
farms begin the first season with access to the 
institutional market for credit at a specified 
interest rate up to a maximum loan limit. The 
farm continues to borrow from the institu- 
tional market unless, because of low produc- 
tion caused by stochastic events, it can no 
longer both repay the loan and meet subsis- 
tence requirements. When this occurs, the 
farm defaults on its institutional loan and sup- 
plements consumption with the proceeds from 
the loan default up to the subsistence con- 
sumption level, allocating any additional funds 
between consumption and savings. If pro- 
ceeds from the loan default are not sufficient 
to make up the difference between income and 
subsistence consumption, the farm borrows 
from the informal credit market, the farm's 
only other source of credit. 

When tbe farm is in the informal market, the. 
method for meeting subsistence requirements 
reflects the better enforcement of repayment 
and lack of alternative funding sources. In 
case of low production, the farmer only delays 
payment on the proportion of the production 
loan needed to achieve the minimum con- 
sumption. No additional consumption is al- 
lowed, and no savings are generated. The por- 
tion of the loan on which payment is delayed is 
carried over to the next season and repaid 
from income, along with any new production 
loan taken out at the beginning of the next 
season. 


Production Function and Yield Distributions 


At the core of the model are the frequency 
distributions of yield estimated from a highly 
disaggregated production function incorporat- 
ing managed inputs and environmental vari- 
ables. The production function is of the form: 


y = №, 0, qr), 
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where i = 1, ,85j—71,...,mr-1,..., 
р; у 15 yield; . X; are managed inputs (nitrogen, 
phosphorus, insecticide, and weed treatment); 
v, are stochastic variables (solar radiation, 
stress days, and insect infestation index) not 
under farmer control and of unknown value at 
the time of the decision about the x;; and q, are 
variables not under farmer control but with 
known values (clay content). Table 2 shows 
the production function estimated from 674 
observations taken from response experi- 
ments in farmers' fields in Central Luzon in 
two wet and two dry seasons. In these exper- 
iments, inputs not included in the production 
function were held at levels comparable to 
actual farm practices in the area. 

The independent variables explain 72% of 
the variation in yields, and all variables are 
significant at the 0.01 level except for insec- 
ticide, which is significant at the 0.05 level.? 
Both insect infestation and insecticides are in- 
cluded because the usual practice is to apply 
insecticide after initial infestation. Labor is 


? Multicollinearity is a potential problem in the production func- 
tion since some variables appear in more than one term and some 
of the independent variables (nitrogen x solar radiation and nitro- 
gen squared, stress days and nitrogen x stress, and stress days and 
solar radiation x stress) are highly correlated. However, multicol- 
linearity is not harmful unless it causes high standard errors and 
lack of significance in the regression coefficients (Kmenta, 
Johnston). This is not the case here. 


Table2. Yield Response Function for Modern 
Rice Varieties in the Philippines (kg/ha) 





Regression 

Variable Coefficient — r-value 
Intercept 1079.83*^ 7.86 
Nitrogen x solar radiation? 0.91* 12.75 
Nitrogen squared —0.06* —5.98 
Stress days* 110.68* 6.70 
Phosphorus (kg/ha) 3.81* 4.12 
Weeding dummy 1% 160.11 2.68 
Weeding dummy 2° 297.94* 5.30 
Insect infestation index —7.87* —3.23 

(% infestation) 
Insecticide (P) 1.47** 2.12 
Percentage of clay 28.40* 11.83 
Nitrogen x stress —0.39* —5.06 
Solar radiation x stress —8.95 —9.47 

R? adjusted 0.72 





Source: Wickham, Barker, Rosegrant, p. 226. 

а Single asterisk means coefficient significant at 0.01 level; double 
asterisk means coefficient significant at 0.05 level. 

* Solar radiation measured in kilocalories/cm? during the period 45 
days before harvest to harvest. 

* From 60 days after transplanting to 20 days before harvest. 

4 One application of herbicide. 

* One application of herbicide plus one handweeding. 
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not included in the production function be- 
cause it was held constant in the experimental 
plots except for that associated with applying 
the specified managed inputs. Labor is there- 
fore a direct function of managed inputs. 

Typhoon damage, the most important 
stochastic variable left out of the production 
function, was excluded because no typhoon 
damage was experienced on the experimental 
plots. In order to account for the impact of 
typhoon on vield variability, the production 
function was adjusted using a typhoon damage 
index computed from farmers' subjective es- 
timates: 


T (1 жч t) f&n 0), qr), 


where f is the percentage yield loss from ty- 
phoons. 

Given a production function of this form, 
the frequency distribution of у’ for any xi, q, 
can be estimated from the joint frequency dis- 
tribution of the stochastic variables f, v; (An- 
derson, Dillon, Hardaker; de Janvry; Byerlee 
and Anderson). Lack of information about the 
conditional distributions of the stochastic 
variables precludes analytical solution of the 
joint frequency distribution of the variables. 
However, if it is assumed that the stochastic 
variables are independently distributed, a dis- 
crete approximation of the frequency distribu- 
tion of y' for any x; and q, can be obtained by 
repetitively sampling from the frequency dis- 
tributions of t and v; and then computing point 
estimates of y' from the production function.? 
With sufficient iterations, 1,000 in this case, 
stable estimates of the moments of the dis- 
trubution of y' can be obtained and continuous 
frequency distributions fit using Pearson's sys- 
tem (Day, Elderton and Johnson). 

In order to estimate the yield distributions, 
frequency distributions were estimated for 
solar radiation, insect damage, typhoon dam- 
age, and stress days, the latter under a range 
of water regimes representing different qual- 
ities of irrigation and drainage. 

Solar radiation distributions were estimated 
from 1966-75 data drawn from research sta- 
tion records in Central Luzon. The frequency 


3 The independence assumption appears reasonable. Regres- 
sions among solar radiation, stress days, and insect damage using 
the response function data resulted in insignificant coefficients and 
R's of 0.08 or less. The typhoon damage distribution was com- 
puted using a 1975 IRRI farm survey. Using this data, regressions 
among typhoon damage, drought damage (a proxy for stress), 
insect damage estimates, and solar radiation gave insignificant 
coefficients and a maximum А? of .11. 


660 November 1981 


distribution for the insect infestation index 
was computed from the 674 observations over 
tke four seasons from which the production 
function was estimated. The typhoon damage 
index was computed from farmers’ estimates 
02 typhoon damage over five crop years in 
Central Luzon. 

A water balance model was used to genera:e 
frequency distributions of stress days for 
good, average, and poor irrigated sites and for 
rain-fed conditions, each with high, medium, 
and low seepage and percolation rates. The 
water balance model simulates weekly irriga- 
tion and rainfall. It is based on sampling from 
distributions of irrigation flows for sites in 
Central Luzon and from the distribution of 
rainfall recorded at Cabanatuan City, Nueva 
Ecija, 1949-74. Stress days are ccmputed as a 
finction of weekly water flows and losses 
f-om the site. Repeated iteration of the mocel 
produces a stable estimate of the distribution 
of stress days for any quality of icrigation and 
soil type (Rosegrant 1976, 1978; Wickham, 
Barker, Rosegrant; Wickham). 

In the wet season, maximum expected 
yields and their standard deviations are similar 
for а] qualities of irrigation, while rain-fed 
maximum expected yields are 13% lower (:a- 
ble 3). In the dry season, the difference be- 
tween maximum yields with low and high qual- 
ity irrigation is 1.3 t/ha. High qualitv irrigation 
reduces the standard deviation of yields by 
30%. 


The Impact of Risk Aversion 


The importance of risk aversion for farmer 
input choices is the subject of continuing de- 


Table 3. Yield-Maximizing Nitrogen Level, 
Maximum Expected Yield, and Standard De- 
viation of Yield, Three Qualities of Irrigation, 
from Estimated Yield Distributions 





Yield- Maximum Standard 

Maximizing Expected Deviation 

Irrigation Nitrogen Yield of Yield 

Season Quality (kg/ha) (kg/Fa) (kg/ha) 
Dry High 152 3,747 555 
Dry Medium 140 3,062 704 
Dry Low 124 2,455 781 
Wet High 128 2,977 833 
"Net Medium 124 2,972 828 
Wet Low 124 2,958 828 
"Net Rainfed 112 2,592 794 





Note: Other inputs set at high levels: 60 kg/ha phosphorus, 2 
applications of insecticide, 1 application of herbicide, and J hand- 
weeding; average soil quality. 
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bate. Binswanger (using an experimental 
gambling approach with real payoffs) found 
attitudes highly concentrated at intermediate 
or moderate risk aversion. Dillon and Scan- 
dizzo (using mental experiments) report val- 
ues of the risk-aversion coefficient k (from the 
decision rule, maximize d — u — ko) ranging 
from —0.6 to 1.8, with a mean of 0.9. About 
3096 of their sample farmers were highly risk 
averse (k 1.5). Neither study assessed risk 
attitudes in actual production decisions. 

Moscardi and de Janvry estimated a corn 
production function, and computed the value 
of k which would account for the difference 
between actual nitrogen use and the expected 
income-maximizing level. The mean value of k 
is 1.12 with a range of 0.0 to 2.0 and a high 
concentration of strong risk aversion (k > 
1.2). However, their production function did 
not include environmental variables such as 
solar radiation and moisture stress. In addi- 
tion, their assumption that risk explains all the 
shortfall from optimal nitrogen use ignores the 
possible impact of constraints such as limited 
credit. 

Roumasset explains actual nitrogen use of 
two samples of Philippine rice farmers using 
risk-neutral and risk-averse decision rules 
with a production function adjusted for major 
losses. He finds that the risk-neutral decision 
rule explains actual nitrogen use better than 
risk-averse rules. | i 

To test the impact of risk aversion in this 
model, alternative decision rules were defined 
by specifying the risk-aversion coefficient k. 
Risk-neutral, moderate risk-averse, and strong 
risk-averse rules were tested. In the neutral 
case, k = 0.0. In the moderate case, k was set 
to maximize net income with probability of 
0.20 on the cumulative frequency distribution 
of net income. The strong risk-averse rule 
maximizes the net income with probability 
0.10 on the cumulative distribution. 

Because the yield distributions, and there- 
fore the net income distributions, have differ- 
ent shapes for different farm types, the value 
of k which specifies a given confidence level 
on the cumulative distribution also varies. For 
moderate risk aversion, k has a range of 0.62 
to 0.94, with a mean value of 0.80. In the 
strong risk-averse case, k has a mean of 1.44 
and a range of 1.34 to 1.53. 

Comparison of model results with actual 
input use and yields suggests that the risk- 
neutral assumption better explains input 
choices than risk aversion. Model parameters, 
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such as prices, costs, credit ceilings, and shar- 
ing rates, were set at mean or representative 
values for Central Luzon, 1971/72-1977/78. 
The model was run for nine years (18 crop 
seasons), generating a distribution of farms 
between institutional and informal credit mar- 
kets comparable to the actual distribution in 
Central Luzon, 1971/72-1977/78.4 

The strong risk-averse rule generates input 
use and yields far below the actual levels for 
both irrigated and rain-fed farms (table 4). 
Moderate risk aversion is relatively consistent 
with actual results only for irrigated farm ni- 
trogen use with the P600/ha informal loan ceil- 
ing. In all other instances, the moderate risk- 
averse rule produces input choices and yields 
considerably lower than the actual levels. 
Hence, the risk-neutral rule is used to examine 
credit and fertilizer subsidies. 


The Impact of Credit and Fertilizer Policy 


A subsidized credit program with increased 
loan ceilings, similar to those under Masagana 
99, and a fertilizer subsidy comparable to that 
of the Philippine government were evaluated 
for crop years 1973/74 (the first year of 


4 Reported results are aggregated across 42 farm types: 9 irri- 
gated types operating in wet season only plus 9 irrigated types 
operating in both wet and dry season plus 3 rain-fed wet season 
types, each then stratified by tenure status (fixed payment, share 
tenancy). Results are weighted by the estimated area distribution 
of these farm types in Central Luzon. The results are not sensitive 
to moderate shifts in the area distribution (Rosegrant 1978). 
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Masagana 99) through 1977/78. Model param- 
eters such as farm size, nonfarm income, 
wages, rents, herbicide and insecticide prices, 
and sharing rates were set at representative 
values for Central Luzon. Farm prices of rice 
were set at their annual prevailing level. 

Fertilizer prices were set for successive 
runs of the model at the annual subsidized and 
unsubsidized rates derived from table 1. Fi- 
nancial market variables were set to simulate 
the presence or absence of a Masagana-type 
credit program. For model runs simulating 
existence of a credit program, all farms were 
assumed to begin in the institutional market, 
with a loan ceiling of P1,200/ha and an interest 
rate of 16% per year. The farms continue to 
borrow in the institutional market until de- 
fault, after which they enter the informal mar- 
ket. 

Interest rates in the informal market were 
set at 48% per year with maximum loan limits 
at P300/ha and P600/ha for alternative runs. 
For model runs simulating the absence of a 
subsidized credit program, all farms were as- 
ee to borrow onlv from the informal mar- 

et. 

Three policies were evaluated: both the 
credit program and the fertilizer subsidy, the. 
credit program with no fertilizer subsidy, and 
fertilizer subsidy with no credit program. In 
each case, the estimated impact of the policies 
is compared with the case of no government 


intervention; that is, with no credit program 


and no fertilizer price subsidy. 


Table 4. Actual and Simulated Mean Input Use and Yields for Modern Varieties, Central 


Luzon, 1971/72 to 1977/78 





Informal Market Loan Ceiling 











Nitrogen Other Inputs Yield 
(kg/ha) (P/ha)* (kg/ha) 
Decision Rule Farm Type 300 600 300 600 300 600 
Actual? Irrigated 57 251 2,437 
Actual Rain-fed 38 172 1,753 
Model results ў 
Risk neutral Irrigated 54 67 227 281 2,216 2,429 
Risk neutral Rain-fed 37 42 166 208 1,745 1,897 
Risk averse 
Moderate Irrigated 44 53 158 178 2,085 2,163 
Moderate Rain-fed 24 29 110 121 1,575 1,610 
Risk averse 
Strong Irrigated 28 35 124 135 1,910 1,973 
Strong Rain-fed 9 9 80 80 1,412 1 ы 12 








? Phosphorus, insecticide, herbicide, and weeding labor. 
> Yields from the Bureau of Agricultural Economics. Input levels computed from five International Rice Research Institute surveys; two. 
Bureau of Agricultural Economics surveys, and two Department of Agriculture (Special Studies Division) surveys. "<. „С =; 


es 


+, 
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Combined Credit Program and Fertilizer 
Subsidy 


The combined impact of the credit program 
and fertilizer subsidy is large with either in- 
formal credit market loan limit (table 5). Wita 
a 2300/ha loan limit in the informal market, the 
ccmbined credit program and fertilizer sut- 
sidy is estimated to increase the average nitro- 
gen use on irrigated and rain-fed farms by 43 
kg/ha, other input use by P129/ha, yields by 
510 kg/ha (30%), and income by Pi3l/ha 
(23%). For the P600/ha informal market loan 
ceiling, the estimated combined impact is re- 
duced, but still impressive: average increases 
of 38 kg/ha in nitrogen use, P90/ha in other 
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inputs, 393 kg/ha (21%) in yields, and P1 18/һа 
(25%) in income. 

Irrigated farms are considerably more re- 
sponsive to combined credit and fertilizer pol- 
icies than rain-fed farms. They also gain higher 
benefits. The reasons for their higher respon- 
siveness are to be seen in the separate effects 
of the credit program and fertilizer subsidy. 


Credit Policy 


The credit program alone produces substantial 
gains for irrigated farms but considerably 
lower benefits for rain-fed farms.. For the 
P300/ha case, for example, irrigated farms in- 
crease yields by 22% and income by. 14% due 





Table 5. Estimated Increases in Input Use, Yield, and Income Due to Credit Program and 
Fertilizer Subsidy, 1973/74 to 1977/78 
Other 
Farm Nitrogen Inputs Yield Income 
Policy Type (kg/ha) (P/ha) (kg/ha) (P/ha) 
Informal Market Loan Limit of P300/ha? 
Credit program with Irrigated 49 162 619 158 
fertilizer subsidy 
Rain-fed 30 69 308 81 
Average” ` 43 129 510 131 
Credit program, no Irrigated 22 127 | 397 67 
fertilizer subsidy Р 
Rain-fed 7 4} 114 34 
Average 17 103 298 56 
Fertilizer subsidy, Irrigated 14 -13 106 55 
ro credit program 
Rain-fed 14 -5 102 38 
Average? 14 —10 105 49 
Informal Market Loan Limit of P600/ha? 
Credit program with Irrigated 42 115 466 142 
fertilizer subsidy 
Rain-fed 30 45 257 74 
Average” 38 90 393 . 118 
Credit program, no Irrigated 13 78 221 49 
fertilizer subsidy 
Rain-fed 6 12 50 28 
Average” 10 54 127 35 
Fertilizer subsidy, Irrigated 30 47 311 85 
ro credit program 
Rain-fed 6 33 207 39 
Average? 27 35 274 69 








а Estimated increases are computed relative to case of no cred t program and no fertilizer subsidy. 
> Average of irrigated and rain-fed farms, weighted by area harvested in Central Luzon. 
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to implementation of a credit program without 
fertilizer subsidy, while the yield and income 
benefits for rain-fed farms are 7% and 9%, 
respectively. 

Irrigated farms gain higher benefits from a 
credit program that releases a binding credit 
constraint because they can utilize higher 
input levels more profitably than rain-fed 
farms. Lower moisture stress.in both seasons, 
and the high solar radiation and lack of ty- 
phoons in the dry season increase the marginal 
productivity and optimal level of nitrogen and 
other inputs on irrigated farms, leading to 
larger benefits than on rain-fed farms. 

Additional runs were made to estimate the 
impact of reducing interest rates from 48% to 
16% without increasing the availability of 
credit. The independent impact of such a re- 
duction in interest rate is relatively modest: an 
average increase for irrigated and rain-fed 
farms of 5 kg/ha in nitrogen, 3% in yields, and 
6% in income with the P600/ha loan limit, and 
3 kg/ha nitrogen, 2% in yield, and 3% in in- 
come with the P300/ha loan limit. 

The maximum interest rate impact occurs 
when credit is not constraining, so farmers can 
respond fully to price. Sensitivity tests using 
the model with no credit constraint show a 
maximum increase in yields of 5% and in in- 
comes of 10% caused by a reduction in the 
interest rate from 48% to 16%. When the 
credit ceiling is binding, price changes are not 
effective. Instead, an interest rate reduction 
works by increasing the amount of inputs 
which can be financed for a given amount of 
credit by increasing income and savings avail- 
able to finance inputs. This effect is smaller 
than the price impact, and causes a reduced 
interest rate effect when a binding loan con- 
straint holds for some or all farms. 


Default Rates 


The model predicts average annual default 
rates on institutional market loans of 9.7% 
with the fertilizer subsidy and 10.6% without. 
As of the 1977/78 crop year in the simulated 
credit program, only 66% of the farmers were 
eligible for institutional credit in the sub- 
sidized fertilizer case and 63% in the unsub- 
sidized fertilizer case. With a P300/ha informal 
market loan limit, the average yield loss due to 
default in 1977/78 was 8% and income was 
reduced by 6%. For the P600/ha informal loan 
limit case, the reductions in benefits due to 
default were approximately half as large. 
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Fertilizer Subsidy 


The separate impact of a fertilizer subsidy in 
the absence of a credit program is highly de- 
pendent on the availability of credit in the 
informal market. With the P300/ha loan limit 
(which is binding on most farms), the decrease 
in the price of fertilizer (due to the subsidy) 
permits 14 kg/ha more fertilizer to be used by 
increasing the amount financed within the loan 
limit. Other input use decreases by P10/ha be- 
cause a small amount of the other inputs are 
replaced by fertilizer which, because of the 
subsidy, becomes relatively more profitable. 
The net yield benefits of the fertilizer subsidy 
are 6%, with incomes increasing by 11%. Irri- 
gated and rain-fed farms get approximately the 
same beneiits. 

With the P600/ha informal credit limit 
(which is nonbinding on many farms), the fer- 
tilizer subsidy boosts fertilizer use through the 
price impact, increasing marginal returns and 
optimal fertilizer levels. It also permits more 
fertilizer to be financed through loans. The 
impact of the subsidy on fertilizer use is nearly 
double that of the P300/ha loan limit case. 
With the higher loan limit, irrigated farms get 
50% higher yield benefits and double the in- 
come benefits of rain-fed farms due to the 
higher productivity of fertilizer on irrigated 
farms. 


Conclusions and Implications 


Following the very poor harvest of 1972/73, 
the Philippine government instituted sub- 
sidized credit and fertilizer policies. Between 
1972/73 and 1977/78, Phillipine rice production 
increased by 56% and rice yields increased by 
38% (USDA)—an outstanding achievement, 
but one which could not be attributed only to 
government credit and fertilizer policies. Our 
analysis, using a dynamic model of farmer de- 
cision making, shows that credit and fertilizer 
policies could have induced at most a yield 
increase of 2196—3076 for a set of farms rep- 
resentative of those in Centra] Luzon. The 
model correctly projected relatively large de- 
fault rates from the government credit pro- 
gram. These occur because subsistence con- 
sumption has priority over loan repayment in 
years of low production caused by unfavor- 
able weather and pest infestations. Assuming a 
risk-averse, safety-first decision rule resulted 
in poorer model validation than the alternative 
risk-neutral profit-maximizing behavioral rule. 
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The impact of a credit program that reduces 
interest rates and increases credit limits is 
larger when credit availability in the informal 
market is lower. The greatest impact of the 
credit program is in releasing the credit con- 
straint; the independent impact of :nterest rate 
reduction is small. This confirms Adams' sug- 
gestion that higher interest rates, if they at- 
tract substantially more funds into rural finan- 
cial markets, would be preferable to sub- 
sidized low interest rates and wouid not likely 
reduce production significantly. 

The substantial default rate on -nstitutional 
market loans causes a major reduction in 
long-term benefits of the credit program, re- 
ducing the number of farms with azcess to the 
institutional credit market. These cefaults also 
reduce the effectiveness of the fertilizer sub- 
sidy since its impact increases as the availabil- 
ity of credit increases. 

When the informal market loan limit is 
P300/ha, the fertilizer subsidy alcne contrib- 
utes less than 20% of the total yield increase 
attributable to the joint credit/fe-tilizer pro- 
gram. With an increase in informal market 
credit availability to P600/ha, the yield ben- 
efits of fertilizer subsidy alone expand to 70% 
of combined program benefits, even with the 
high interest rate in the informal market. This 
confirms the importance of increasing the 
quantity of credit to farmers so that they can 
utilize yield-increasing inputs. 


[Received June 1979; revision accepted 
May 1981.] 
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Recreational Demands for Maintaining 
Instream Flows: A Contingent 
Valuation Approach 


John T. Daubert and Robert A. Young 


Recreational uses of streams, although nonconsumptive, increasingly conflict with 
traditional off-stream uses of water in arid regions. Recreational demands for instream 
flows have collective gocd attributes such that the recreationists’ preferences may be 
inadequately reflected in water allocation decisions. The contingent valuation approach 
was adapted to impute instream flow shadow prices from a sample of recreationists on 
the Cache la Poudre River in northern Colorado. During periods of relatively low flows, 


the estimated instream flew marginal value exceeds the marginal value of water in 
irrigation, suggesting a need for altered water allocaticn policies. 


Key words: contingent valuation, instream flows, public good demands, water-based 


recreation. 


Rapidly growing demands for recreational ac- 
tivities using free-flowing streams have en- 
ccuraged public policies to preserve or en- 
hence instream flows. Congress approved the 
Wild and Scenic Rivers Act, and several west- 
ern states have adopted programs to protect or 
increase water allocations for recreational 
demands. In the arid western United States, 
any program to maintain instream flows is po- 
teatially controversial, because it usuallv 
conflicts with existing or planned diversicns 
for irrigation, cities, or industries. Off-stream 
diversion or storage of water may severelv 
reduce flows during some periods, thereby re- 
ducing the potential quality of recreational ex- 
periences. Economics has made little: con- 
tribution to the resolution of such conflicts, 
and most streamflow maintenance policies 
have been based on physical and biological 
criteria. 
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Instream flows are not subject to the same 
economic forces as those affecting off-stream 
allocations. Off-stream uses are typically for 
private, intermediate good production. In con- 
trast, instream flows appear as ‘‘free goods" 
in relation to alternative uses. Changes in 
flow, affecting the stream’s ability to support 
recreation, generate collective benefits or 
costs which reflect nonrivalry in consumption. 
Once instream flows are provided, anyone vis- 
iting the stream can enjoy the recreation ex- 
perience. Even though any individual’s will- 
ingness to pay for incremental changes in the 
flow level may be small, the aggregate benefit 
over large numbers of users could be large 
enough to warrant reallocation of water to- 
ward instream flow, away from withdrawal 
uses. 

In resolving allocation problems, water 
managers are often more responsive to the 
tangible market-like data which reflect inter- 
mediate good demands. Relatively accurate 
information is available on the marginal value 
of water in withdrawal uses (see Young and 
Gray). However, measuring economic ben- 
efits from alternative flow levels is a different 
problem. Water managers relying only on 
market-related information will allocate in- 
sufficient water into recreational activities. 

A workable method to measure the eco- 
nomic value of water left in the stream will 
help water managers formulate policies and 
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regulations for allocating water between in- 
stream and off-stream uses. The objective of 
our research was to develop and test such a 
method. We estimated the total and marginal 
willingness to pay for instream flow. The re- 
sults were derived from a contingent valuation 
survey of three activities on a Colorado moun- 
tain stream—trout fishing, white-water boat- 
ing (with Kayaks, rafts, etc.), and streamside 
recreation (picnicking, camping, and hiking). 

Earlier attempts to deal with this problem 
focused on measuring benefits associated with 
a specific recreation activity or site (Нуга). 
However, water managers need information 
about the value of water separate from the 
value of the related activity. Because efficient 
allocation among uses requires that marginal 
benefits of water in each use be equal, we 
formulated our research to estimate directly 
the recreationist’s marginal economic value of 
instream flow. The measure of economic ben- 
efits is designed to be comparable with values 
in withdrawal uses. 


Concepts and Procedures 


Withdrawal and instream water uses compete 
for water on all of Colorado’s rivers. The 
conflicts are typified on the Cache la Poudre 
River in the mountains of northwestern Col- 
orado, a popular recreation area. During 
spring and early summer when the stream 
runoff is high, the river provides excellent 
white-water rapids for kayakers and rafters. 
The Poudre River, with its temperature, tur- 
bidity, and flow attributes, is an excellent trout 
fishery. More than 100,000 user days are ex- 
perienced annually by recreationists visiting 
the canyon. 

Stream flows have. been diverted from the 
Poudre River for irrigation since 1864. Irriga- 
tion districts, by adding to or withdrawing 
from mountain reservoirs, can significantly 
raise or lower instream flows in the canyon. 
Up to now, such decisions have been made 
with little reference to recreation activities. 


Concepts 


Two basic approaches can determine the eco- 
nomic benefits of nonpriced environmental 
improvements (Freeman). Опе involves 
analyzing relevant market transactions in 
goods and services which may have substitute 
or complementary relationships with an envi- 
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ronmental amenity. (The travel cost approach 
to measuring recreation benefits is a prime 
example, e.g., Knetsch.) Alternatively, the 
researcher may employ the “‘contingent valua- 
tion” approach using sample surveys that ask 
beneficiaries to identify their willingness to 
pay for specified levels of a nonmarketed 
good. 

Each approach has both advantages and 
disadvantages for obtaining estimates of the 
demand for a public good such as instream 
flow. Most economists prefer to use market 
data, since such analyses are based on actual 
behavior rather than hypothetical situations. 
Many share Freeman's (chap. 5) reservations 
about the direct questioning approach, primar- 
ily because of the potential for strategic behav- 
ior by interviewees. Such behavior may bias 
results toward the respondents' preferred poli- 
cies. However, the travel cost approach is too 
blunt for our purposes because instream flows 
vary unpredictably according to short-term 
climatic factors and vithdrawal requirements. 
We therefore emploved a direct questioning 
approach. 

We adopted Bradford's theoretical base for 


: the contingent valuation method of measuring 


public good demand. The object is to estimate 
a total willingness to pay (bid) function that 
reflects the recreationist's ranking between al- 
ternative income and instream flow quantities. 
Individual bid functions have the same eco- 
nomic meaning as indifference curves with a 
slope measuring the marginal substitution rate 
between income and instream flow levels. 
Maximum bid responses over all instream flow 
levels map out a total instream flow benefit 
function. Its first derivative is the marginal 
benefit function (also known as a compensated 
demand function). 

Recreation activities may generate both col- 
lective and private benefits. For example, a 
fisherman who catches and keeps some fish 
receives private benefits which preclude others 
from deriving benefits from the same fish. 
Noncapture activities, such as viewing or 
catch-and-release fishing, generate collective 
benefits. To value instream flows which help 
produce recreation benefits, our model as- 
sumes that instream flow (unlike the actual 
catch, number of visits, congestion, fishing 
skill, equipment, and other inputs used to pro- 
duce private benefits) enters the recreation 
production function as a collective input. For 
example, an increase in the stream flow en- 
hances the fishing experience for all by in- 
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creasing the stream's carrying capacity at all 
sites. Similarly, all white-water recreationists 
can enjoy faster and higher rapids, and all 
_ shoreline users сап enjoy the sights and sounds 
of a rapidly flowing stream. The specific model 
valuing instream flow for fishing activities is 


(1) WTP, = gl S(F),C(F).VAF),Z(P), Y;,E;,T;]; 


where WTP; is a measure of willingness to pav 
to obtain an additional cubic foot per second in 
the flow for the jth fisherman; Y;, a measure of 
income; 7;, an array of taste anc socioeco- 
nomic characteristics; E;, years of fishing ex- 
perience; S(F), specific recreation site; Z(F), 
a measure of congestion on the stream; C(F), a 
measure of the potential catch rate; V;(F), the 
number of days the individual visited the river 
to fish during the season; and F, insiream flow, 
measured in cubic feet per seconc (cfs). 

Because recreationists cannot make in- 
stream flow quantity adjustments themselves, 
WIP; is a Hicksian compensating surplus 
value. This research used a ‘‘willingness to 
pay" measure rather than a ‘‘willingness to 
accept compensation," because water institu- 
ticns allocate water rights to withdrawal users. 
Any instream flow strategy represents a poten- 
‘tial Pareto improvement given the recrea- 
ticnist’s initial water right status (Brookshire, 
Rendall, Stoll). Following Hammack and 
Brown, we assume that the utility from other 
activities in which the individual might partic- 
ipate during a recreation day are independent 
of utility of the instream recreation experi- 
ence. 

The instream flow variable, F, represents 
the water planner’s controllable policy in- 
strument. Property rights in water under the 
western appropriation doctrine are usually 
specified in terms of the priority status of the 
right and the flow (in cubic feet per second) 
the owner can civert (Ditwiler). To increase or 
decrease stream flow for recreation, the public 
agency would need to acquire direct flow 
rights, release upstream storage, or change the 
priority sequence (i.e., the first right would be 
a flow requireraent). 

The willingness to pay for add:tional flow 
w:ll vary according to the aesthetic qualities af 


the river, S(F), the potential catch rate, C(F), . 


the number of visits, V(F), and congestion, 
ZIF). We used color photographs of eight dif- 
ferent instream flow rates (in cfs) at four dif- 
ferent sites to capture the aesthetic value of 
instream flow, S(F). The photographs, taken 
at various times during 1977, showed the 
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stream at approximately 50, 100, 200, 350, 400, 
600, and 850, and 1150 cfs. (Due to the serious 
drought of that year, our highest flow photo- 
graphs represented only about one-fourth of 
normal maximum flows.) 

In addition, we provided each fishing re- 
spcndent with technical information on the po- 
tenzial trout catch rate per hour, C(F), river 
derth, and velocity at each flow rate and site 
coribination. This information was based on a 
phrsical survey of each site to determine the 
crcss-section profile of the stream bed. A hy- 
drclogic model (Bovee and Milhous) predicted 
the stream's depth and velocity at each cfs 
rate for each site, and a fish habitat model 
(Bovee and Cochnauer) was adapted to fore- 
cast potential catch rates at each site under 
each flow condition. The biological model in- 
dicated that the optimal rainbow and brown 
trout stream conditions (average over four 
sites) occurred when the instream flow ap- 
prcximated 500 cfs. When stream flow ex- 
ceeds 500 cfs, the resulting velocity, depth, 
anc turbidity reduce the Poudre River's fishing 
vale. 

The model uses potential catch rate instead 
of :he actual catch rate (the latter being a 
function of the fishing population) and number 
of visitors. Because a flow change toward the 
optimum increases the number of fish the 
stream can support and encourages more 
fistermen, the actual catch rate for individuals 
may increase, decrease, or remain constant 
depending on how many others use the 
stream. However, the potential catch rate de- 
perds only on the stream's physical charac- 
teristics and flow. 

Demographic characteristics are measured 
using the participant's sex, age, education, 
occupation, employer, and residence. The 
interview date served as a partial indicator of 
corgestion. The assumption is that if conges- 
tiom significantly affects the willingness to pay, 
those that participate on weekdays will bid 
higaer than those who participate on 
we2kends. 


Questionnaire Design and Interview 
Prccedures 


Raadall, Ives, and Eastman, and Brookshire, 
Ives, and Schultze were among the first to 
employ contingent valuation techniques using 
photographs of alternative environmental 
situations. Following the contingent valuation 
approach, the interviewer, using color photo- 
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graphs and physical stream characteristics, 
asked each respondent to reveal his/her will- 
ingness to pay for instream flow in terms of (a) 
a percentage addition to the present county 
sales tax on consumption expenditures and (b) 
an increase in a hypothetical entrance fee. 
(We interviewed the head-of-household par- 
ticipating in noncontact activities. In a test 
survey trial, individuals objected to being 
separated from their group.) 

After showing the respondent the photo- 
graph representing the lowest instream flow 
quantity, and asking the respondent to esti- 
mate the average annual use, the interviewer 
asked how much he or she would be willing to 
pay for the experience represented by the next 
highest instream flow photograph. For exam- 
ple, the recreationist was asked to respond 
“yes” or “по” to the following question: 


If the entrance fee cost $— per day, would you pay 
the fee so the members of your household could 
travel up the Poudre River Canyon to (activity) for — 
day(s) of annual use, if that amount resulted in an 
increase in water flow from those in Picture A to 
Picture B? 


The interviewer started the bids at $1 for the ` 


entrance fee game and at an addition of 0.195 
to the sales tax rate for the sales tax game. If 
the respondent answered with a ''yes," the 
interviewer raised the bid by $0.25 or 0.195 
increments until the respondent answered 
"*no."' The dollar amount or tax rate at the last 
‘tyes’? response was taken to be the house- 
hold's maximum willingness to pay for specific 
instream flow improvement. The interviewer 
then repeated the questions assuming the re- 
spondent's average annual use was increased 
and then decreased by 50%. The process was 
then repeated for the other sites. 

Because few individuals could visualize the 
expenditure implications of a specific percent- 
age increase in sales tax, the interviewer first 
presented a table showing the annual dollar 
equivalent of the percent change in sales tax 
by family size and income. For example, a 
0.1% addition to the sales tax rate for a family 
of four earning $20,000 represented a bid of 
$1.50. 

The survey obtained 134 personal inter- 
views of recreationists using the Poudre River 
during the summer of 1978. The sample in- 
cluded 49 fishermen, 45 shoreline recrea- 
tionists (those camping, hiking, viewing, etc.), 
and 40 white-water enthusiasts (kayakers, raft- 
ers, and tubers). A benefit function was esti- 
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mated for each activity. (See Daubert for fur- 
ther details, including the questionnaire and 
the photographs.) 

To assure a representative and random 
sample of recreationists, interviews were con- 
ducted on random days during each month at 
various sites in the canyon. Although the sur- 
vey took about an hour to complete, the ac- 
ceptance rate exceeded 80%. Fishermen and 
shoreline recreationists were the most recep- 
tive, with only 7% and 19%, respectively, re- 
fusing the interview. However, kayzkers and 
rafters often objected to the interruption, with 
3896 refusing. 

A few recreationists responded with very 
low or zero bids. These recreationists were 
further questioned to establish if they were 
actually unwilling to pay for instream flow or if 
they were in fact protesting either payment 
method. Protest responses were not included 
in the final analysis. Respondents were some- 
what more likely to protest the sales tax game 
than the entrance fee game. Possibly those 
with low utility for added stream flow realized 
that they would be helping to pay for others’ 
enjoyment. Shoreline participants had the 
highest rate of protest against either game. 
Unlike fishing and white-water activities, 
higher instream flows are not crucial to enjoy 
shoreline recreation. This recreation group 
has less motivation to pay. 


Results and Discussion 


A priori reasoning suggests that the total bid 
curve will likely be nonlinear in relation to 
stream flow, and that it might be shifted by 
socioeconomic characteristics of the respon- 
dents. We used stepwise least squares regres- 
sion to estimate parameters of the individual 
stream flow value equations for combinations 
of the variables shown in table 1. Household 
responses for shoreline activities were ex- 
pressed in individual terms by dividing each 
response by the number of reported household 
members. After preliminary analysis, the final 
model was based on individual t-statistics, the 
sign on the estimated coefficients, and the sta- 
bility of the coefficients on the flow quantity 
variable. In general, the coefficient on Flow 
and [Flow] was insensitive to changes іп 
model specification. Regression results are 
shown in table 2. 

The fishing and shoreline regression equa- 
tions, in the absence of congestion, showed 
total willingness to pay increasing at an in- 
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Table 1. "Variables in Regression Models 





Dependent Variable . 

WTP: Total willingress to pay (bid) 
per recreation day, activity i; 
respondent j; instream fow 
rate; for each payment 
alternative 


Independent Variables 

Numerical variables 
Flow: River stage in cubic feet per 

second (cfs) 

Total number of annual 

recreation days in activity i 

by respondert j in Poudre 

Canyon 

Number of water-based 

activity days on alternative 

nvers 


Activity days: 


Substitute days: 


Experience: Years of participation in 
activity i by -espondent 

Income: Annual household income of 
respondent 

Age: Age of respoadent 

Education: Years of schooling of 
respondent 

Zero-one dummy variables 

Site: Site of photozraph (four 
sites) 

Sex: М=1,Е= 0 

Occupation: (a) Professional: (6) 
business owner; (c) skilled 
worker; (d) sales; (e) 
clerical; (f) unskilled; (2) 
housewife; (Л) retired; «kj 
student 

Employer: (a) Manufacturer; (6) 


construction; (c} retail; (4) 
financial; (e) health; (f) 
education; (е1 public sector; 
(h) agriculture; {k) 
unemployed 

Size of community of 
previous residence (a) large 
city; (b) тей um city; (c) 
small city; (d) town; (e) rural 
and farm 

(a) Month; (6) weekday; (c) 
weekend 


Previous residence: 


Date of interview: 





creasing rate for flows between 0 and 200 cfs 
and increasing at a decreasing raie up to ap- 
proximately 500 cfs (700 cfs for sboreline will- 
ingness to pay), then finally decreasing. 
White-water recreation models, however, did 
not follow that pattern. Instead, total willing- 
ness to pay increased for all instream flow 
quantities photographed. This may be because 
the 1977 drought caused maximum flows in 
our photographs to fall short of levels at which 
diminishing marginal utility woald be ob- 
served. 
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The final quadratic regression equation for 
fishing and shoreline activities and the linear 
white-water equation fit the data reasonably 
well for a cross-section survey. Fishing en- 
trance fee and sales tax equations explain 4196 
and 4396, respectively, of the variation in 
household willingness to pay. Shoreline en- 
trance fee and sales tax equations explain 5296 
and 50% of the bid variation. The R?s of 


white-water entrance fee and sales tax equa- 


tions are .52 and .66, respectively. 

Instream flow quantities are the principal 
determinant of fishing and white-water will- 
ingness-to-pay responses. According to t-ra- 
tio tests, Flow and [Flow]? are highly sig- 
nificant. Inspection of successive solutions of 
the stepwise regression indicate that Flow and 
[Flow explain, respectively, 20% and 21% of 
household fishing bid variations. Flow, alone, 
is highly significant in the white-water model 
(t-ratios equal to 15.05 and 21.68 in the en- 
trance fee and sales tax models) explaining 3896 
and 53% of the bid variation. Even though 
Fiow and [Flow are significant (t-ratios equal 
2.29 and 2.18) in the shoreline user models, 
these variables explained only 3% and 6% of 
the bid variation. Since instream flows provide 
primarily visual aspects of noncontact recrea- 
tion experiences, those users seem relatively 
indifferent between alternative instream flow 
levels except when the Poudre River is very 
low or extremely high. Other factors (tastes, 
visitation, for example) are more important in 
determining willingness to pay for this type of 
recreation. 

It is possible that the variance in willingness 
to pay at low and high flows differs from the 
variance at medium instream flows. However, 
neither the Bartlett nor the Goldfield-Quandt 
tests rejected the null hypothesis that the dif- 
ferent groupings of willingness to pay had the 
same bid variances (Pindyck and Rubenfeld). 


Total and Marginal Value Fünctions 


To analyze individual valuation of instream 
flows, we expressed the estimated equations 
solely as a function of flows. The equations are 
restated with all variables (except Flow and 


(Flow?) evaluated at their mean values. The 


first derivative of the total value function with 
respect to flow rate yields the marginal value 
function. The resulting equations are given be- 
low. (TV and MV are total value and marginal 
value, respectively.) The total value expres- 





Table 2. Regression Estimates of Willingness to Pay for Instream Flow, Poudre River, 
Colorado 1978 


Fishing Shoreline - Whitewater 











Entrance ` Entrance Entrance 
: Fee Sales Tax Fee Sales Tax Fee Sales Tax 
Variable? Unit . Game . Game Game Game Game Game 
Constant term : 2.14 3.11 1.40 1.25 . 650 —0.90 
(1.55)* (1.31) (0.34) (4.94) (1.19) (1.71) 
Flow cfs 0.129 0.176 0.029 0.036 0.019 0.029 
(3.55) (4.65) (2.29) (2.61) (15.05) . (21:68) 
(Flow)? (cfs)? —0.138 E-3 —0.156 E-3 -0.213 E-4 -0.27 E-4 © 
(5.28) (5.78) (2.18) (2.56) 
Activity days Day —0.130 —0.181 0.20 0.24 :0.18 - 1.13 
y (5.97) (6.79) (5.30) (5.06) (6.35) (7.55) 
(Activity days)? Day? 0.21 E-2 . 0.003 —0.0097 —0.005 —0.004 —0.003 
І (3.60) (2.48) . (3.94) (3.51) (2.92) 
Ехрегіепсе Үеагѕ 0.430 0.283 —0.10 ` —0.19 0.042 0.059 
(4.85) (2.15) (6.02) (5.23) (5.69) (6.08) 
Income Dollars f 0.0013 0.0086 —0.008 
. (2.90) (2.18) (2.09) 
Аре Үеагѕ — 0.066 —0.55 —0.062 
(6.31) ` (2.34) (2.91) 
Education Years —0.710 —0.28 
` (4:91) (6.34) 
Dummies 
Sex 0-1 X 0.32 
| (3.47) 
Site 2 . 0-1 —0.36 —0.67 
(2.50) (3.37) 
4 0-1 AC —0.34 —0.17 
Occupation (c) 0-1 0.48 (211) (99 
(2.56) 
(d) 0-1 0.76 
(5.34) 
(e) 0-1 —1.28 —0.35 1.09 
(4.30) (3.19) (5.25) 
(f) 0-1 0.61 
: (2.27) 
(g) ‚0-1 —1.37 —0.97 1.91 2.51 
(4.40), (2.35) (6.94) (8.41) 
(h) 0-1 1.51 
05 (6.32) 
Employment (а) 0-1 0.810 0.35 —0.55 — 1.39 
(4.76) (3.19) (4.80) (4.45) 
(0) 05-1 1.59 
(4.21) 
(а) 0-1 0.854 ; 
(4.08) ox | 
(е) 0-1 1.140. f 0.59 0.44 f | ‚<< —0.82 
(2.73) (4.92) (4.09) (3.07) 
gf) 041 0.88 0.20 _ 033 —0.87 
(4.53) (2.83) (2.23) (2.76) 
(g) 0-1 —1.07 
р (4.43) 
Previous 
residence (a) 0-1 —0.83 
(5.14) i 
(b) 0-1 1.65 0.73 0.56 0.49 1.17 
(6.51) (5.26) (2.63) (2.59) (4.36) 
(c) 0-1 0.91 
(6.00) 
(d) 0-1 0.564 1.01 
(4.60) (3.88) f 
К? ' 0.41 0.43 0.52 0.50 0.52 0.66 
F 26.98 29.01 24.68 54.21 52.11 76.29 ` 
N 49 49 45 45 . 240 40 





а Variables are omitted which did not enter the stepwise regression model for any case. 
b Numbers in parentheses are students’ ¢-ratios. 
© Entries left blank represent variables which did not enter the stepwise regression model. 
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sion for white water is linear, so the marginal 


value is a constant for each game. 
Fishing 


(2a) Entrance Fee Game 
ТУ = 0.10 + 0.129[ Flow] 


— 0:138E- 3[Flow: 


(25) МУ = 
(3a) Sales Тах Game 


0.129 — 0.276E—3[Flow] 


TV = 0.052 — 0.176[ Flow] 

— 0.156E—3[Flow P 
Gb) МУ = 0.176 — 0.312E—3[Flow] 
Shoreline 


(4a) Entrance Fee Game 


TV — 0.080 — 0.029[Flow] 
— 0.213E—4[FlowF 
(4b МУ = 0.029 — 0.426E—4[Flow] 


(5a) Sales Tax Game 
TV = 0.110 — 0.036[Flow] 


— 0.27E—4[ Flow} 


(5b) MV = 
Waite Water 


(6a) Entrance Fee Game 
ТУ = —0.075 + 0.019[Flow] 


(6) МУ = 0.019 


(7a) Sales Tax Game 
ТУ = —0.091 + (.029[Flow] 


(7b) MV = 2.029 


0:036 — 0:54E-4[ Flow] 
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Possible Bias 


Because bidding games may lead to strategic 
or biased responses, Bohm recommends that 
the research design include at least two differ- 
ent willingness-to-pay situations. One game 
should encourage understatement, the other 
overstatement. The interval between the two 
will be small or large depending on how 
strongly respondents react to the specific 
biases in each question design. 

The estimated bid functions for the three 
recreation activities were statistically different 
for each repayment obligation; sales tax mar- 
ginal benefits always exceeded entrance fee 
values. Sales tax responses exceeded entry fee 
bids by approximately $10 per day for fishing 
activities, approximately $5 for white-water 
activities. The entrance fee game, confronting 
each recreationist with his stated valuation, 
might encourage understatement. On the other 
hand, respondents might overstate their true 
preferences in a sales tax game, since pay- 
ments are not a function of use and respon- 
dents know that all taxpayers would help pay 
for their recreation experience. 


Derivation of Total and Marginal Values 


We illustrate the derivation of total and margin- 
al values by reference to the fishing entrance 
fee results. Table 3 presents total and marginal 
values derived from the entrance fee equa- 
tions. 


Table 3. Estimated Total and Marginal Values of Instream Flows for Fishing Activities, 
Poudre River, Colorado, 1978 (Entrance Fee Game) 











Total Value Marginal Value 

(WTP/day) (WTP/cfs/day) 
Flow Individual Aggregate? Individual Aggregate? 
(cfs) ($/day) ($/day) ($/cfs/day) ($/cfs/day) 
1С0 11.67 2,661 . 0.102 23.23 
2C0 20.48 4,669 0.074 16.94 
360 26.53 6,049 0.047 10.65 
460 29.82 6,799 0.019 4.35 
sco 30.35 6,920 —0.009 —1.94 
6C0 28.10 6,411 —0.036 —8.23 
7060 23.15 - 5.274 —0.064 —14.52 
8C0 15.40 3.507 —0.091 —20.82 
960 4.85 1.110 —0.119 -27.11 


® 3ased on an average daily visit in 1978 of 228 fishermen. Scurce: Arapaho and Roosevelt National Forest Headquarters, Fort Collins, 


Colorado. 
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Recreation Day Values 


Column 2 of table 3 shows the value per recre- 
ation day (for a representative individual 
fisherman) assuming no congestion effects. 
For fishing, the maximum value per day is 
about $30, at a flow of nearly 500 cfs, while 
lower or higher flows are significantly less val- 
uable. (The recreational day value in shoreline 
activities peaks at 700 cfs, with a smaller unit 
day value of about $10, while the white-water 
value schedule increases throughout the range 
of the observations.) 

These values would change if congestion 
significantly reduces the individual’s bid. 
While this study did not directly measure con- 
gestion effects, the mean bid by participants 
on weekdays was not significantly different 
from the mean bid by participants on week- 
ends, even though the number of users is 
greatly increased. Walsh et al., however, re- 
ported significant congestion effects in another 
context. Thus, our values could overstate the 
recreationist’s willingness to pay. 

The estimates of individual willingness to 
pay per day for water-based recreation are 
comparable with other estimates. Gordon, 
Chapman, and Bjornn reported travel cost re- 
sults for fishing for salmonids on Idaho 
streams as ranging from $23 to $34 per day. 
Charbonneau and Hay estimated a daily value 
of $25 for trout and landlocked salmon from 
the U.S. National Sample of Anglers via a 
bidding game approach. (Both of these esti- 
mates are adjusted to reflect 1978 price levels.) 


Aggregate Values 


Column 3 of table 3 presents the aggregate 
value per day resulting from the summation of 
individual bids according to the average par- 
ticipation rates as related to flow. Figure 1а 
illustrates these results. The aggregate values 
would be expected to change as both instream 
flow and user days changed. For each flow 
rate, the respondent was asked how his/her 
bid would change if the river were visited 
more or less per year. The results indicated 
that the bids by noncontact and white-water 
participants diminished as visitation increased 
(holding flow constant). Fishermen, however, 
were willing to pay more at the margin for 
increased visitation when instream flow ap- 
proximated the optimal, and less at the margin 
when visitation increased at low and high 
flows. 
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Figure la. Estimated aggregate total willing- 


ness to pay for flow by fishermen, Poudre River, 
Colorado, 1978 
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Figure 1b. Estimated aggregate marginal 
willingness to pay for flow by fishermen, Poudre 
River, Colorado, 1978 


Marginal Values of Instream Flows 


The primary research objective was to de- 
velop estimates of marginal value (demand) 
functions for instream flows. These are pro- 
vided by the first derivatives of the bid func- 
tions with respect to flow. Table 3 (columns 4 
and 5) contains a set cf illustrative results re- 
garding individual and aggregate marginal val- 
ues for the fishing entrance fee game. 

The fishing marginal value function, gener- 
ally consistent with conventional economic 
theory, exhibits a negative slope. For exam- 
ple, if the Poudre River's flow is low (100 cfs), 
the fishing marginal instream value is rela- 
tively large, but it falls to zero as instream 
flows approach 500 cfs. The aggregate margi- 
nal bid (demand) function for fishing (entrance 
fee game) is illustrated in figure 1b. This corre- 
sponds to the total bid function in figure 1a. 
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Policy Comparisons 


At certain locations and times, water flows in 
the Cache la Poudre River compete with or 
complement diversions and storage for crop 
irrigation. To compare marginal values in al- 
ternative uses, we converted th» flow-based 
estimates into a volume measure, dollars per 
acre foot. Taole 4 summarizes monthly esti- 
mates of marginal value of water Zor fishing. It 
also provides monthly estimates of the short- 
'run marginal value of water for irrigation. 
These particular policy implications employ 
aggregate marginal willingness to pay onlv for 
fishing, since that activity dominates recrea- 
tion values in the Poudre River area. Also, 
only the entrance fee results are presented. 

During Mav, June, and July waen the aver- 
age monthly instream flow exceeds the op- 
timum for fishing, recreation and crop irriga- 
tion are complementary outputs. Increased 
storage or diversion for irrigation upstream 
from fishing sites will increase bo:h fishing and 
crop production. Water managers satisfying 
economic efficiency criteria should allocate 
more water to withdrawal until £shing and ir- 
rigation become competitive. 

In September, present water allocation poli- 
cies may not be allocating instream flows 
efficiently. The average September instream 
flow at the canyon mouth, 105 cfs, results in an 
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aggregate marginal fishing return equal to 
$10.54 per acre foot and a marginal crop return 
equal to $7.22 per acre foot. To fulfill 
efficiency conditions, the instream flow should 
approximate 200 cfs where the marginal in- 
stream flow aggregate return of $7.68 per acre 
foot approximates the marginal crop irrigation 
return of $7.22 per acre foot. (The above as- 
sumes that this amount of water would have 
an insignificant impact on the marginal value 
of water in irrigation in the river basin as a 
whole.) | 

Our results also suggest that water man- 
agers could switch some reservoir filling from 
fall to spring and, thereby, increase social ben- 
efits. Many irrigation companies begin filling 
high mountain storage reservoirs in September 
and downstream reservoirs in the spring. In 
fact, they store over 1,000 acre feet (af) in high 
mountain reservoirs in September and 2,000 af 
in October. This water could have augmented 
the river’s normal flow by 33 af/day and 66 
af/day. Additional flow for fishing experiences 
is worth $10/af in September and $7/af in Oc- 
tober. 

Reallocating water storage from high moun- 
tain reservoirs to reservoirs near farming areas 
could substantially increase total benefits from 
water use in the fall. For example, if water 
managers let the 1,000 af stored in September 
flow downstream past major recreation areas 


Table 4. Aggregate Marginal Value of Instream Flow for Fishing and Crop Irrigation by Month, 


Poudre River, Colorado, 1978 





Average 
over 
Flow May June July August September October Season 
fs) EEEE e m m m e m me me m e m m m ae e me m ee ($/af)----------------------------- 
Aggregate Marginal Value of Flow for Fishing/Acre Foot (Entrance Fee Game) 
100 6.79 3.50 20.41 20.41 10.54 6.79 11.71 
200 4.92 2.54 14.81 14.81 7.65 4.92 8.54 
300 3.13 1.61 9.40 9.40 4.86 3.13 5.37 
400 1.26 0.65 3.80 3.80 1.96 1.26 2.19 
300 —0.60 —0.31 —1.80 — 1.80 —0.93 —0.60 —0.98 
500 —2.40 ~ 1.23 —7.20 —7.20 -3.72 —2.40 —4.15 
700 —4.26 -2.13 —12.81 —12.81 —6.61 —4.26 -7.32 
No. of fishermen per day? 132 68 - 397 397 205 132 228 
Average monthly flow (cfs)? 775 ‚ 1,542 703 218 105 123 578 
Marginal Value of Irrigation Water ($/acre foot)? 
Normal year flow 1.75 3.39 9.00 15.00 7.22 7.25 
Dry year flow 1.75 3.30 : 45.10 40.00 12.90 22.41 








Note: Factor for converting cubic feet per second (cfs) to «cre feet per day: 1.964 cfs for 24 hours equals 1 acre foot. 
a Arapaho and Roosevelt National Forests, Fort Collins, Colorado. 


* Average between 1961 and 1975, 
* Derived from Daubert, Young. and Morel-Szytoux. 
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before storing, total fishing benefits would in- 
crease by $380 per day or approximately 
$10,000 for the month. In October, when total 
recreation benefits would increase by at least 
$11,000, this water policy change increases the 
river’s fishing benefits without decreasing next 
year’s crop output. Water supplies remain 
constant or even increase; only the storage 
timing changes. 


Conclusion 


Like other environmental amenities, instream 
flow for recreation has collective good attri- 
butes that inhibit conventional market alloca- 
tion. The contingent valuation approach was 
adapted to impute instream flow shadow 
prices by a sample of recreationists on the 
Cache la Poudre River in northern Colorado. 
By directly estimating the recreationist’s will- 
ingness to pay for instream flow quantity 
changes, it was possible to determine marginal 
values of water that are comparable and com- 
mensurate with the marginal value of water in 
withdrawal uses. The findings indicate that 
variations in instream flow strongly affect 
fishing and white-water recreation experi- 
ences. It is less significant for shoreline ac- 
tivities. 

The demand (marginal benefit) functions, 
estimated by the contingent valuation tech- 
nique, seem to be plausible and generally reli- 
able in a statistical sense. The technique suc- 
cessfully discriminated among the flow values 
in the various activities. Flow is significant to 
fishing and kayaking. In the range of flows 
considered, diminishing marginal utility was 
observed for fishermen but not for white-water 
users. While flow also was a factor in shoreline 
uses, it was less significant and smaller than 
for the other recreation activities. These kinds 
of estimates could provide an improved basis 
for water allocation decisions by management 
authorities. These results are relatively site- 
specific and it is not necessarily appropriate 
for decisions at alternative sites. However, 
we think that the method is of sufficient use- 
fulness to recommend it for further test and 
refinement at other locations. 


[Received April 1980; revision accepted 
May 1981.] 
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Determinants of Hunter Participation: Duck 
Hunting in the Mississippi Flyway 


Jon R. Miller and Michael J. Hay 


In this paper the authors study the relationship between habitat availability, hunter 
success, and the rate and intensity of participation in duck hunting in the Mississippi 
Flyway. Using socioeconomic data from the 1975 National Survey of Hunting, Fishing 
and Wildlife Associated Recreation, and waterfowl habitat data from the 1970 Flyway 
Habitat Management Unit Project, they estimate probability and intensity of 
participation equations for duck hunting. The analysis differs from previous 
population-specific recreation studies in (a) the narrowly defined activity, (6) more 
precise definition of supply variables, (c) use of variables representing distance to 
hunting sites, and (d) the use of logit analysis to estimate participation probability 


equations. 


Key words: hunting, logit analysis, recreation demand. 


Increasing pressure for development of nat- 
ural areas and continued growth in outdoor 
recreation emphasize the need for planning 
methodologies that improve decisions affect- 
ing recreation resources. In the case of wet- 
lands, development is often incompatible with 
waterfowl hunting, an important recreational 
activity that requires natural habitat for a sus- 
taining source of waterfowl and for hunting 
sites. 

Acquisition of waterfowl habitat to prevent 
its alteration for agricultural purposes bas 
been a high priority for years in the prairie 
pothole region of the Mississippi Flyway and 
is increasingly so in the Mississippi Delta bot- 
tomland area. Recently, however, there has 
been growing resistance to the acquisition 
program by those who believe agricultural de- 
velopment is a better use of wetlands than is 
their preservation as waterfowl habitat. Im- 
proved methods of estimating benefits of wet- 
lands preservation will permit more quantita- 
tive analyses of the trade-offs involved. 

Recreation, in the form of waterfowl sport 
hunting, is one of several important benefits 
provided by wetlands and the waterfowl popu- 
lations they support. The focus of this paper is 


Jon R. Miller is an assistant professor in the Department of Eco- 
nomics, University of Utah. Michael J. Hay is an economist with 
the U.S. Fish and Wildlife Service. 

The opinions and conclusions presented here are the authors’ 
and not necessarily those of the U.S. Fish and Wildlife Service. 


on the relationship between habitat availabil- 
ity, hunter success, and the rate and intensity 
of participation in duck hunting in the Missis- 
sippi Flyway. Equations such as those pre- 
sented in this paper can be used to predict how 
the number of hunters (and how often they 
hunt) would be affected by continued loss of 
habitat and the resulting changes in hunter 
success. In addition, the change in days of 
participation may be converted to dollar mag- 
nitudes through multiplication by day values 
obtained from other sources. 

Our analysis differs in some important ways 
from previous studies of determinants of rec- 
reation behavior (Kalter and Gosse; Cicchetti, 
Seneca, Davidson; Cicchetti 1972, 1973; 
Deyak and Smith). First, we examine the de- 
terminants of participation in a narrowly de- 
fined, wildlife-related, recreation activity, 
rather than a broad category such as general 
hunting or fishing. This permits more precise 
definitions of supply or availability variables 
(e.g.; the use of waterfowl habitat and hunter 
success measures) and makes the analysis 
more useful for wildlife resource management. 
Second, we incorporate a measure of average 
distance traveled to hunt waterfowl as a proxy 
for access-related costs of hunting. Finally, in 
contrast to other population-specific recrea- 
tion economics studies, we estimate probabil- 
ity of participation equations with logit analy- 
sis rather than the commonly used linear 
probability model. 
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In the next section, we discuss the estimat- 
ing equations. The third section is a discussion 
cf data sources and variables. In the fourth 
section we discuss empirical results with em- 
chasis on the supply variables measuring tae 
availability of waterfowl] habitat and average 
Hunter success. We then illustrate how tne 
methodology of this paper could be used in 
policy analysis. In a concluding section we 
summarize and make suggestions for improv- 
ing recreation participation studies. 


The Estimating Equations 


Any broadly based sample of individuals will 
include a large number who do not participate 
in duck hunting. Attempting to identify deter- 
minants of participation from such a sample by 
regressing days of participation on explana- 
tory variables will result in a large concentra- 
tion of values of the dependent variable at 
zero. This concentration of the dependent 
variable at.a lower bound will result in under- 
estimates of participation for those who parici- 
pate. In such a case, the classical regression 
rrodel is inappropriate (Goldberger, p. 252). 
To alleviate this problem we use a two-step 
estimating process: (a) estimation of probabil- 
ity of participation equations, and (b) estima- 
tion of the level or intensity of participation 
equations for those who participate. Estima- 
tion of the first step equation uses a logit esti- 
mation technique. Most previous recreation 
participation studies have used ordinary least 
squares (OLS) for estimation of linear proba- 
bility equations in step one. Three major. prob- 
lems are associated with this approach: (a) the 
error terms are not normally distributed and 
violate the classical least squares assumption 
of homoskedasticity, resulting in inefficient es- 
timators; (b) because the error terms are not 
normally distributed, t-tests of significance do 
not apply; and (c) predicted probabilities from 
the estimated equation could yield values out- 
sile the 0—1 probability interval (Goldberger, 
Nerlove and Press, Netter and Maynes, Zel- 
ner and Lee). 
Alternative binary choice models avoid 
these problems. The two most popular alterna- 
tives are the probit and logit formulations.! 


! Most applications of logit and probit are based on the works cf 
Berkson and Finney. More recent applications are Heckman, 
Amemiya, arid in this Journai, Hill and Kau. Particularly readablz 
presentations of the technique may be found in Wonnacott and 
Wennacott (pp. 131-4) and Pindyck and Rubinfeld (pp. 245-36}. 
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The primary concept underlying these binary 
choice models is the threshold of response. In 
the context of this study, an individual either 
hunts waterfowl or does not. We assume an 
individual’s participation decision is a function 
of socioeconomic characteristics and the 
availability of waterfowl habitat and popula- 
tions. If the value of this function exceeds 
some threshold value for the individual, the 
individual will participate. For the ith individ- 
ual, У,, is defined as follows: 

D ifl = 1,* 
(1) Y, = 

0 if J, < L* 
1,* is the individual's response threshold, and 
l is a linear function of the explanatory re- 
gressors, i.e., 7; = a+ X;' B. The probit model 
assumes that J;* is a normally distributed ran- 
dom variable. With /;* distributed normally, 
the probability that J; > J;* is simply the value 
of the cumulative normal probability function 
evaluated at /,. The cumulative normal func- 
tion has an 5 shape with the probability values 
bounded by zero and one. Estimation is usu- 
ally done with iterative maximum likelihood 
techniques. 

Since the cumulative logistic probability 
function is basically similar in.form to the 
cumulative normal function, it is often substi- 
tuted for it because of its relative computa- 
tional ease. In logit analysis, the probability 
that the individual will participate is 


The specification is more apparent if (2) is 
rearranged, i.e., 


P, 
log E d Р; 
Rather than the probability of the occurrence 
being a linear function of the explanatory vari- 
ables, as in the standard linear probability 
model, the logit formulation assumes the log of 
the odds, or logit, is a linear function of the 
explanatory variables. The maximum likeli- 
hood coefficients are asymptotically consis- 
tent, efficient, and normally distributed, and 
the t-test is a valid test of significance. These 
desirable properties and the fact that the esti- 
mated probabilities are bounded by zero and 
one are the important advantages of logit esti- 
mation. While logit estimates are superior on 
theoretical and statistical grounds, compari- 


(3) 





)=а+ XV. 
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sons of binary choice models show that when 
estimated probabilities lie within the extremes 
of the S-shaped curve, OLS or appropriately 
specified GLS estimates are similar to those of 
logit. Indeed, OLS-logit comparisons made in 
this study indicated little difference. 

Our intensity-of-participation equation is 
based. on the household production approach 
developed by Becker and recently adapted by 
Deyak and Smith for analysis of participation 
in outdoor recreation. While we believe the 
household production approach is theoreti- 
cally appealing, reduced-form equations like 
the ones in this paper can also be derived from 
a more traditional supply-demand frame- 
work (e.g., see Cicchetti, Seneca, Davidson). 
In the household production framework, duck 
hunters are assumed to maximize utility func- 
tions expressed in terms of final service flows, 
one of which is measured as days of waterfowl 
hunting. The individual is both consumer and 
producer, combining purchased market goods, 
certain nonmarket goods, and time in the pro- 
duction of the final service flows. In the case 
of dück hunting, purchased goods include 
costs of travel, ammunition, and other equip- 
ment. Nonmarket goods include public duck- 
hunting sites and duck populations that are 
managed as common property resources by 
federal and state resource management agen- 
cies. As noted in the introduction, the 
influence of these latter variables is the prime 
concern in this paper. Waterfowl habitats and 
populations are viewed primarily as supply 
shifters, i.e., as the amount of habitat or the 
size of waterfowl populations increase, the 
cost to the hunter of a constant quality hunting 
day will fall and he will be induced to hunt 
more, other things remaining equal. Alterna- 
tively, availability could be viewed as a de- 
mand shifter, as the quality of hunting days 
would be expected to increase with availabil- 
ity. However, both influences are in the same 
direction, so we would expect the effect of 
availability of habitat and ducks on participa- 
tion to be unambiguously positive. 

The result, described in detail in Miller and 
Hay, and Deyak and Smith, is a reduced-form 
equation in which the number of days of duck 
hunting is a function of exogenous. shifters of 
the individual’s demand and supply (marginal 
cost) curves. Because it is a reduced form, the 
coefficients of this equation cannot be inter- 
preted as either demand or supply structural 
parameters, but rather as measures of the joint 
effects of both supply and demand. The equa- 
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tions cannot be used to estimate economic 
values of hunting days or bagged ducks. 
Moreover, the lack of information in our sur- 
vey data on the location of an individual’s 
hunting activity, other than by state, precludes 
techniques such as the disaggregated travel 
cost approach (Brown and Nawas; Gum and 
Martin) to obiain value estimates. The meth- 
odology presented in this paper, however, is 
related to economic valuation. Recreation ben- 
efit evaluations typically provide estimates of 
participation and average or marginal values 
of a day of the activity under study. However, 
these evaluations are not designed to account 
for changes in participant numbers or level of 
activity over time as a result of changes in 
policy-related variables such as habitat and 
game populations. Participation studies, like 
the one presented here, help to fill this gap and 
permit broader use of such economic value 
estimates. 


Data Sources and Definition of Variables 


The primary source of data used in our empiri- 
cal estimates is the 1975 National Survey of 
Hunting, Fishing and Wildlife Associated 
Recreation (U.S. Fish and Wildlife Service). 
The survey was conducted in two stages. The 
first stage consisted of a national telephone 
survey of a stratified sample of some 106,000 
households nationwide. The telephone inter- 
view with the household head or other adult 
household member gathered demographic in- 
formation about each member of the house- 
hold and whether he or she had hunted or 
fished in the preceding year. The survey also 
asked if household members had engaged in 
wildlife watching or photography during the 
past year, and, if so, how often. Certain other 
data were also gathered. The second stage of 
the survey consisted of mailing question- 
naires, with two follow-up mailings if needed, to 
a nationwide sample of hunters and fishermen 
identified in the telephone survey. In all, the 
survey resulted in usable information for more 
than 330,000 individuals in the telephone sur- 
vey and more than 20,000 individual hunters 
and fishermen in the mail survey. 

Estimating probability of participation in an 
activity based on survey data requires that the 
sample of individuals include some who partic- 
ipated in the activity of interest and some who 
did not. In our case, the telephone survey 
includes those who hunted in 1975 and those 
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who did not, but does not indicate what kird 
of hunting was engaged in (wa:erfowl, big 
game, etc.). More detailed information was 
gathered in the mail, follow-up survey. Hence, 
we divide our first-step probability estimation 
into two substeps; first, the probability thai an 
individual engaged in hunting of any kind in 
1975, and then, given that he hunted, the 
probability that he hunted ducks. Due to the 
lerge sample size generated in the telephone 
survey, the equation in the first substep is 
estimated with a randomly drawn subsample 
of hunters and nonhunters from the telephone 
phase of the survey. A probability-of-partici- 
pation-in-duck-hunting equation is then esti- 
mated using all of the sample hunters in the 
Mississippi Flyway, some of whom hunted 
ducks while others did not. The sezond-step or 
level of participation equation is estimated for 


Table 1. Definition of Variables 
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only those Mississippi Flyway hunters who 
had hunted ducks. 

Table 1 shows the explanatory variables 
used in our equations. Most of the variables 
are standard measures and require no further 
explanation. The supply-related variables are 
based on state level data from sources other 
than the 1975 Survey. They are assigned to 
each individual in the sample based on his 
state of residence. For example, the variable 
ACRES is a per capita measure of public rec- 
reation areas and commercial forests and is 
included in the probability-of-hunting equa- 
tions to represent relative availability of open 
space for hunting. Data on public recreation 
land area are derived from the results of the 
U.S. Bureau of Outdoor Recreation's unpub- 
lished 1972 Public Outdoor Recreation Areas 
and Facilities Inventory. Commercial forest 





Variable Name Definition 


Units of Measurement 


AGE Age of respondent years 
AGESQ Square of respondent's age years 
INC Respondent s household's income thousands of dollars 
SEX Sex of respondent 1 — if male 
0 — otherwise 
PREF Intensity of preference for waterfowl hunting 1 — if waterfowl hunting is 
favorite activity 
0 — otherwise 
METRO Metropolitan residence 1 — if residence is in 
metropolitan area 
0 — otherwise 
NONCON Nonconsumptive fish and wildlife participation 1 — if respondent reported 
having observed or 
photographed wildlife in 
1975 
0 — otherwise 
BAG 1974 average season bag of ducks per hunter in number bagged 
the respondent's state of residence 
MILES/DAY Total season round trip automobile miles driven miles per day 
by the respondent for migratory bird hunting 
divided by total days of participation in the 
activity 
ACRE Acres of public recreation land plus acres of acres per capita 
commercial forest in respondent’s state of 
residence 
WHAB Acres of wzterfowl habitat in respondent's state millions of acres 
of residence 
WETHAB Acres of wetlands and permanent water habitat in millions of acres 
respondent's state of zesidence 
UPHAB Acres of upland waterfowl habitat in millions of acres 


respondent's state of residence 
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acreage is from U.S. Department of Agricul- 
ture (USDA, p. 20). Per capita measures of 
this variable are used to capture the effect of 
general population and congestion pressures 
on the availability of hunting opportunities. 
General population, rather than hunter popu- 
lation, is used as the per unit measure, since 
other activities may affect the availability or 
suitability of hunting sites. 

The measures of waterfowl habitat (WHAB, 
WETHAB, and UPHAB) are based on the 
Flyway Habitat Management Unit Project 
(U.S. Bureau of Sport Fisheries and Wildlife). 
That project produced estimates for 1965 of 
the acreage of three types of waterfowl habitat 
in each of the coterminous forty-eight states. 
The three habitat types are wetlands, perma- 
nent water, and upland habitat. More recent 
estimates are not available. The bag (hunter 
success) variable is derived from data com- 
piled yearly by the U.S. Fish and Wildlife 
Service and reported by state and flyway 
(Carney, Sorenson, Schroeder). 


Empirical Results 


Three equations representative of the type of 
hunter participation analysis possible with the 
1975 Survey data are presented here. More 
detailed empirical work may be found in Miller 
and Hay. Equation (4) is the estimated rela- 
tionship between the log of the odds (logit) of 
hunting in general and hypothesized determi- 
nants of hunting. Equation (5) is a similar re- 
lationship for duck hunting. The coefficients 
represent the derivatives of the log of the odds 
with respect to the explanatory variables. The 
corresponding relationships to the probability 
of participation, P, are nonlinear. The partial 
derivatives of the nonlinear probability func- 
tion evaluated at sample means appear below 
the asymptotic t-statistic shown in paren- 
theses beneath the coefficients. The likeli- 
hood ratio index (LRI) is a logit analogue to 
the multiple correlation coefficient in least 
squares regression (Domencich and McFad- 
den, p. 124), and is defined as 


LRI = 1 — (log likelihood at convergence/log 
likelihood at zero). 


P is the proportion of the sample that partici- 
pated. 
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(4) in (5 2 = —5.764 + 0.156 AGE 
= (8.92) 
0.001 
— 0.002 AGESQ + 2.463 SEX 
(—9.02) (11.69) 
il 0.140 
+ 0.264 HEAD — 0.933 METRO 
(1.33) (-7.75) 
0.015 —0.015 
+ 0.666 NONCON + 0.021 ACRES, 
(5.17) (3.92) 
0.038 0.001 


where LRI = .263, P = 1137, and п = 2,752. 
All coefficients in equation (4) are significant 
at the 1% level except the head of household 
dummy, significant at the 9% level. The qua- 
dratic relationship between AGE and the log of 
the odds indicates that increasing age affects 
hunting participation positively up to a point 
and then has an overall negative effect, other 
things being equal. Based on the coefficients 
of equation (4) the maximum probability of 
hunting occurs at age thirty-nine. This in- 
verted U-shape relationship is in contrast to 
the findings of Cicchetti (1973), who reported 
that the probability of hunting was higher for 
young and for retired persons than for those in 
the middle age groups. Two other socioeco- 
nomic or demand-related variables have sig- 
nificant coefficients. Not surprisingly, men are 
more likely to be hunters than women. The 
negative METRO coefficient indicates that 
persons living in urban areas are less likely to 
hunt than individuals in nonmetropolitan 
areas, other things being equal. The coefficient 
of ACRES is significant with the expected 
positive sign. The positive coefficient of 
NONCON, the wildlife observation/photog- 
raphy dummy, suggests that consumptive 
(hunters) and nonconsumptive wildlife users 
(observers and photographers) may not com- 
prise separate groups as is often suggested. 
Significant overlap exists. Hunters frequently 
take nonhunting, scouting trips to check po- 
tential hunting sites and game populations. In 
addition, a significant portion of the benefits of 
hunting is nonconsumptive in nature. Many 
people hunt primarily to experience nature, 
and to escape the stresses of the man-made 
environment. Hunters with such preferences 
likely take nonhunting trips for those types of 
benefits. 
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Equation (5) presents estimates of the de- 
terminants of participation in duck hunting, 
conditional on being a hunter. 


(5) In = L^ = 2.673 — 0.026 AGE 
1-P/ (8.06) (—7.52) 
—0.005 
+ 1.004 SEX + 0.019 INC 
(3.57) (4.71) 
0.187 0.004 
— 0.180 METRO + 0.145 BAG 
(—1.81) (6.59) 
—0.034 0.027 
+ 0.313 WETHAB + 0.153 UPHAE, 
(6.28) (3.26) 
0.058 0.028 


where LRI = 0.064, Р = .27, and n = 2,786. 

These estimates focus the analysis more 
narrowly. The analysis is restricted to duck 
hunting in the Mississippi Flyway, and some 
notable changes occur in comparison to the 
more general equation (4). Again, all 
coefficients are significant at standard levels. 
The effect of AGE on the probability of par- 
tizipation is distinctly different for duck hunt- 
ing than for hunting in general. Here the effect 
is negative throughout, with no U-shape rela- 
tionship as was the case previously. The 
coefficient of income is positive and significant 
in these estimates, whereas it was not a sig- 
nificant determinant of the probability of par- 
ticipation in general hunting. This means that, 
among hunters, as income increases, the 
probability that an individual hunts ducks also 
increases, holding age and other factors con- 
stant. The coefficient of SEX is again positive, 
indicating that if women hunt, they are less 
lixely than men to hunt ducks. The variables 
included as measures of duck hunting oppor- 
tunities have the expected positive coefficients 
and consistently high t-ratios. 

Average season bag per hunter in the re- 
spondent’s state of residence (BAG) is a mea- 
sure of hunter success in 1974. Success in the 
preceding year was thought to be the relevant 
measure for the decision whether to hunt or 
not in 1975. Average bag in the year of the 
activity could be used as an alternative suc- 
cess variable, as hunters may be induced to 
hunt if they perceive the current hunt to be 
going well. Including both variables in the 
same equation, however, resulted in a high 
degree of multicollinearity. 
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The measure of habitat availability is dis- 
aggregated into acres of wetlands including 
permanent water (WETHAB) and upland 
habitat (UPHAB). The coefficients of both 
variables are significant, with the partial de- 
rivative of WETHAB twice as large as that of 
UPHAB. This means that changes in availabil- 
ity of wetlands as hunting sites have more 
impact on duck-hunting participation rates 
than do changes in upland habitat, other things 
being equal. 

The interpretation of these statistical esti- 
mates of the effects of success and habitat 
when-entered as separate explanatory vari- 
ables is also of policy interest. The positive 
coefficient of WETHAB, holding the bag mea- 
sure constant, means that the rate of participa- 
tion in duck hunting is expected to decline if 
wetland acreage decreases, even if hunter 
success is maintained at current levels by 
more intensive management of remaining 
habitats. The reduction in participation may 
result from increased access cost as wetlands 
decline, and from the negative impact of in- 
creased congestion on remaining sites. 

Equation (6) is a logarithmic specification of 
a level-of-participation equation. The sample 
consists only of respondents who hunted 
ducks. 


(6) In (DAYS) = 0.202 + 0.110 In INC) 
(0.39) (2.70) 


+ 0.793 PREF + 0.252 In (BAG) + 
(9.33) (3.00) 


0.079 In (WHAB) — 0.110 In (MILES/DAY), 
(1.87) (2.70) 


where R? = .21, F = 34.64, and a = 627. 
Some variables appear in this equation but not 
in equations (4) and (5). Preference intensity, 
PREF, has a strong positive impact on days of 
participation. Hunters who indicated that 
waterfowl hunting was their favorite hunting 
and fishing activity hunted ducks more than 
twice as many days in 1975 as did those who 
preferred another activity, other things being 
equal.? 

The addition of a distance-travelled-to-hunt 
variable improves the overall fit of the step 
two equation. Miles per day is included as a 
proxy measure for the cost of access to hunt- 


* [n the multiplicative functional form, an intercept dummy 
variable such as PREF has the effect of increasing the intercept 
term, æo. Thus, when PREF = 1, the intercept is ot: where #1, is 
the coefficient of PREF, and Y is e^: times larger than when PREF 
= 0. 


Miller and Hay 


ing sites. The most notable effect of the 
distance-travelled variable is that when 
MILES/DAY is included in the equation, 
METRO is no longer statistically significant. 
This suggests that the significance of METRO 
in the probability equations reflects the 
influence of access costs rather than urban- 
rural taste differences. Note that income has a 
positive effect on level of duck hunting, as it 
does in the probability equation. WHAB, 
measuring habitat availability, combines 
UPHAB and WETHAB which were not sig- 
nificant in equation (6) when entered sepa- 
rately. 

Participation equations typically are used to 
test hypotheses about determinants of partici- 
pation and to forecast numbers of participants 
and days of an activity. Hypothesis testing in 
terms of the effect of age, income, and other 
factors was discussed above. Forecasting, and 
the use of the estimates for policy purposes, 
can be illustrated by considering the effects on 
duck hunting of a 10% loss of waterfowl 
habitat in each state in the Mississippi Flyway, 
an average of 204,900 acres per state. 


The reduction in habitat has the effect of: 


reducing the number of duck hunters, as well 
as the number of days hunted by those who 
continue. Based on approximately 6.5 million 
hunters of all kinds in the flyway in 1975 and 
using partial derivatives from equation (5), a 
1096 habitat loss would reduce the probability 
that a hunter hunts ducks by .0087, resulting in 
56,550 fewer duck hunters. If we assume those 
hunters would have hunted the sample aver- 
age of 8.5 days per hunter, this implies a re- 
duction of 480,675 hunter days. The days lost 
because those who still hunt ducks would hunt 
less often, estimated at .07 fewer days per 
hunter from equation (6), gives a further re- 
duction of 118,892 days. Using $29 as the esti- 
mated consumer surplus value of a day of 
waterfowl hunting (Charbonneau and Hay), 
the total reduction of 599,567 days amounts to 
an annual loss of $17 million. Discounted at 
7-3/8%, the annual loss has a present value of 
$235 million, representing an average value for 
duck hunting of $82 per acre of habitat. If, as 
one would expect, the loss of habitat leads to a 
lower average bag per hunter, there would be 
further reductions that could be taken into ac- 
count by means of the bag variables in the 
probability and level of participation equations 
if the relationship between acres of habitat and 
hunter bag could be quantified. 
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Summary and Conclusions 


Our main purpose was to improve the analysis 
of the relationship between habitat availabil- 
ity, hunter success, and the rate and intensity 
of participation in duck hunting. We presented 
examples of probability and intensity of par- 
ticipation equations estimated with data from 
the 1975 National Survey of Hunting, Fishing, 
and Wildlife Associated Recreation. 

Several variables of policy interest were 
statistically significant in determining hunter 
participation, e.g., waterfowl habitat and 
average bag levels. Equations estimated in this 
paper can be used to assess the effects on 
hunter participation of policy-related changes 
in waterfowl habitat and hunter success. 
Probability-of-participation equations were 
used to predict the change in the number of 
hunters, and days of participation equations to 
predict the change in the level of hunter activ- 
ity. The estimates indicate that the reduction 
in duck hunting that would result from a 1096 
loss of waterfowl] habitat in the Mississippi 
flyway has a discounted present value of $108 
million. Estimation of the indirect relation- 
ship between habitat, game populations, and 
hunter success would require additional in- 
formation. 

Data limitations require that our empirical 
results be used cautiously. Our inability to 
determine from the survey data the extent of 
multiday trips is important, as is the lack of 
precise information on the location of the ac- 
tivity. Studies of waterfowl hunting and other 
fish and wildlife-associated recreation would 
benefit from improved and more extensive 
data on wildlife populations and their habitats. 
These data should be organized in geograph- 
ical units (e.g., states, counties, game man- 
agement units) which lend themselves to pol- 
icy studies. 

Our analysis has shown that differences in 
habitat availability and hunter success influ- 
ence both the probability and intensity of 
waterfowl hunting. Our methods for assessing 
these impacts have considerable promise. Im- 
proved data and additional studies like this 
one can build confidence in the estimation 
techniques and, therefore, encourage a broad- 
er use of empirical results in planning and 
analysis. 


[Received October 1979; revision accepted 
May 1981.] 
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Evaluating Returns to Agricultural 


Research: A Review 


George W. Norton and Jeffrey S. Davis 


This paper reviews and compares the most common approaches used to evaluate 
public agricultural research investment. Ex post studies fall into two major groups: 

(a) consumer and producer surplus analyses, estimating average rates of return to 
research, and (b) production function analyses, estimating marginal rates of return to 
research. Ex ante studies fall into four groups: (a) those using scoring models :o rank 
research activities, (b) those employing benefit-cost analysis to establish rates of return 
to research, (c) those using simulation models, and (d) those using mathematical 


programming to select an optimal mix of research activities. 


Key words: literature review, public investment, research evaluation. 


As public investment in agricultural research 
has expanded, attention has focused on its 
productivity and the efficiency with which 
funds are allocated. Decision makers desire 
information on research payoffs in order to 
assess alternative uses for public funds. In 
addition, the public itself is increasingly con- 
cerned about the productivity of its tax dol- 
lars. 

This paper reviews the major research tech- 

niques that have been developed to evaluate 
returns to agricultural research. It extends 
previous reviews of Peterson (1971), Shum- 
way (1973, 1977), Easter and Nor:on, Peter- 
son and Hayami, Sim and Gardner, Schuh and 
Tollini, and Scobie (1979). We follow the 
Schuh and Tollini procedure of categorizing 
returns to research studies into ex ente and ex 
post evaluations. Major studies which illus- 
trate each technique are discussed and com- 
pared to show (a) differences in assumptions 
made in studies using similar methods, (b) 
techniques appropriate to answer different 
questions, and (c) incomplete areas where 
methodology needs development cr improve- 
ment. 
George W. Norton is an assistant professor in the Department of 
Agricultural Economics, Virginia Polytechnic Inszitute and State 
University. Jeffrey S. Davis is an economist with the New South 
Wales Department of Agriculture, Australia. 
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Ex Post Evaluations 


Ex post evaluations fall into two major groups: 
(a) those using consumer and producer sur- 
plus directly and estimating an average rate 
of return to research, and (5) those estimating 
a marginal rate of return to research by treat- 
ing research as a production function variable. 
In addition, there are two major studies out- 
side these two classes: one estimates the im- 
pact of technology on national income and the 
other measures the nutritional impact of ag- 
ricultural research. 


Consumer and Producer Surplus Approach 
(The Index Number Approach) 


Schultz (pp. 117-22) attempted the first ma- 
jor quantitative evaluation of agricultural re- 
search investments by calculating the value of 
inputs saved through more efficient produc- 
tion techniques compared to the cost of re- 
search and development. He estimated that 
output per unit of input was at least 3296 
higher in 1950 than in 1910. To have produced 
1950 output with 1910 techniques would have 
required $39.6 billion worth of inputs rather 
than the $30 billion actually used (using 
1910—14 price weights). He also derived an 
upper limit using 1946—48 price weights. In 
effect, he calculated the increase in consumer 
surplus resulting from the savings in inputs 
under the special conditions reflected in figure 
1. The area under the completely elastic sup- 
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Figure 1. Value of inputs saved 


ply curve S, to the left of the complete inelas- 
tic curve D, represents the total cost of pro- 
ducing 1950 output with 1950 techniques. The 
area between S, and 5, to the left of D,, repre- 
sents additional resources required to produce 
that output with 1910 techniques. 

Schultz pointed out that a downward bias in 
research returns resulted from this estimation 
because all public research and extension ex- 
penditures were not aimed at producing and 
distributing new techniques. An upward bias 
resulted from neglect of private research and 
from the implied perfectly inelastic demand 
curve. This bias is likely to be small for ag- 
ricultural products because of their low de- 
mand elasticity. 

Since Schultz's work there have been many 
ccnsumer-producer surplus (CS) research 
evaluation studies, most at the commodity 


level. General discussions of consumer sur- 


plus concepts can be found in Currie, Mur- 
phy, and Schmitz; Hertford and Schmitz; and 


Willig. Griliches (1958) calculated the loss in ` 


net social surplus if hybrid corn were to disap- 
pear. His analysis assumed that adoption of 
hybrid corn shifted the supply curve for corn 
downward or to the right. He estimated re- 
turns for the polar cases of perfectly elastic 
(fig. 2) and perfectlv inelastic (fig. 3) supply 
curves, implicitly assuming a unitary demand 
elasticity. — ' 

In figure 2 the change in consumer surplus 
equals E + F, which equals КР,0;(1 — 4Kn) 


A- and л is-the absolute value of 
1 


the demand elasticity. In figure 3, the change 
‘in net economic surplus equals A +B-A+C 


where K = 
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Figure 2. Hybrid corn, perfectly elastic sup- 
ply 


which equals KP,O,(1 + i) where K = 2. 
п I 
Peterson (1967) developed a formula for es- 
timating net social surplus changes for poultry 
research which eliminated Griliches's supply 
and demand elasticity restrictions. As illus- 
trated in figure 4, when price and quantity 
move from P, to Р, and from О, to Qz, respec- 
tively, Peterson's change in net economic 
surplus=A+B+C+E+G+(-A-BtdH 
+I+NJ=Ct+E+G+H+I+J. He 
reasoned that this area is approximately equal 
toJ+J+K+L+E+G-— Р апа provided 
the following expression to approximate it: 





0 0, Q4 Q 


Figure 3. Hybrid corn, perfectly inelastic 
supply 
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Figure 4. Poultry supply shift resulting from 
the use of new inputs 


(1) КОР, + $K*P,Q,/n 
en 


нет ст 


where л is the absolute value of the demand 
elasticity, e the supply elasticity, and K the per- 


Qı- 0% 
0; 








centage shift in the supply curve =——=— 


He compared this with costs of research and 
extension and calculated an internal rate of 
return. The above expression reduces to 


(2) KQ;P, + K/2n) ifn = 1 ore = 0. 


Hertford and Schmitz provided the follow- 
ing formulas for estimating changes in net so- 
cial surplus if the demand and supply curves 
represented in figure 4 are linear and the sup- 
ply shift is parallel: 


(3) change in total net social surplus 














K 
= KP + 
:0,(1 И п + >} 
(4) change in consumer surplus 
кро, | En ) 
п+е +е 
(5) change in producer surplus. 
1 2n+e 
= KP,Qy1 – ~ jK|-— —— 
101 п+е | ik nte || 


where К is defined as the horizontal distance 
between 5' and S. 
Schmitz and Seckler extended the model to. 
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account for resources (labor) released with the 
introduction of new technology (the mechan- 
ical tomato harvester). They estimated net 
benefits as "value of inputs saved" minus 
**value of labor lost.” First they assumed dis- 
placed labor would receive no compensation; 
then they assumed alternative compensation 
levels. 

Ayer and Schuh (1972) altered the model to 
make Brazilian cotton supply dependent on 
the previous year's price. In figure 5 $ and S" 
is the supply of cotton fiber when improved 
and unimproved varieties respectively are 
planted; D is the demand for cotton fiber; and 
S' is shifted K% to the left of 5 as a result of 
lower fiber yield in old varieties. They esti- 
mated demand and supply equations and col- 
lapsed them into two dimensions. Hence D 
was represented by P = nQ", S was rep- 
resented by Q = mP, f, and $' was rep- 
resented by Q = (1 — X)mP,.. £. In this case n 
and m are parameters representing all demand 
and supply shifters, respectively. The change 
in net social benefits for each year was 


© |, Daio) – |* Sao) 
- | Dao) + |> O. 


The authors varied elasticities and K-values to 
test the sensitivity of their results and examine 
the distribution of consumer and producer 
benefits. The change in consumer surplus = 
P,BC — PFC = Р,ВЕРз. The change in pro- 
ducer surplus = 0АВР — OAH. 





О Е А Q 


Figure 5. Cotton supply shift resulting Bom 
the use of new varieties 
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Akino and Hayami used a similar approach 
to estimate social benefits in Japan from rice- 
breeding research, including distributional ef- 
fects of rice import policies. In figure 6 actual 
demand and supply curves are represented by 
D and S, while S’ represents the supply curve 
that would have existed in the absence of im- 
proved varieties. Assuming market equilib- 
rium and no rice imports, the change in net 
surplus due to research equals ABO. The 
change in consumer surplus = P,BCP,. The 
change in producer surplus = AOC — P,BCF,. 
If the government kept the rice price at P,, the 
total change would be an increase in producer 
surplus of AOC. Without the increased produc- 
tion due to research, Japan would have to 
import rice at a total foreign exchange cost of 
ACQ’,Q, to keep the price at P, 

Akino and Hayami provided formulas for 
estimating P,BCP,, ABC, AOC, and ACQ'.C,: 


(7) = Kil+e) 
P,BCP, = Р,0, peus 
, — ЗКО + ө" _ 1К(1 + e)n), 
etn 
[K( + e)P 
= р ———— , 

(8) АВС = 3Р0, BÓ 
(9) АОС = КРО», 
(10 АСО О, = (1 + е)КР,0,, 


where К is the shift in the production function. 
The shift in the supply curve can be approxi- 
‘mated by (1 + e)K. 

Scobie and Posada employed the CS ap- 
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Figure 6. Rice supply shift due to breeding 
research 
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proach to study technical change in Colom- 
bian rice production. They'considered the in- 
cidence of research costs and benefits among 
upland producers, irrigated producers, and 
ccnsumers in various income groups. They 
ccncluded that consumers benefited most, 
producers suffered overall losses, but small 
producers lost the most. | 

Duncan, using new pasture technologies, 
eszimated benefits of research on an input into 
production of another commodity. The pro- 
ductivity increase shifts the derived demand 
curve for the input to the right. His expression 
fo: calculating social gain under specific as- 
sumptions (including a perfectly elastic de- 
mand curve) for the final product is b(Pe~®*” 
— Pe 9**) — P(Q, — Qj, where b is the long- 
rum price elasticity, P equals input price, Q, is 
old and О» is new input quantity. 

Ex post benefit-cost analyses which mea- 
sure net benefits as increased production val- 
ued at constant prices also are in the CS 
classification (see, for example, Tosterud et 
al and Kislev and Hoffman). These studies 
implicitly postulate a perfectly elastic demand 
curve and a vertical supply curve. 

Other studies using the CS approach include 
Barletta for corn and wheat in Mexico; Hines 
for corn in Peru; Hertford et al. for rice, soy- 
beans, wheat, and cotton in Colombia; Flo- 
res-Moya, Evenson, and Hayami for rice in 
the Philippines; Nagy and Furtan for rape- 
seed in Canada; and Pinstrup-Andersen for 
effects of new agricultural technology on con- 
simers at various income levels. 

Lindner and Jarrett (1978) recognized that 
tctal benefits are influenced by the nature of 
tke supply curve shift. They hypothesized that 
some innovations are more likely to generate 
divergent and others convergent supply shifts. 
Parallel shifts also are possible. Their reason- 
irg focused on the effects of different types of 
innovations (biological, chemical, mechanical, 
amd organizational) on average costs of margi- 
nal and inframarginal firms and the location of 
those firms on the industry supply curve.! 

In their 1978 paper, Lindner and Jarrett 
provided a generalized formula for measuring 
research benefits. It avoids some of the biases 
acising from specific assumptions about supply 
shifts and elasticities. Utilizing figure 7, 


1 Lindner and Jarrett (1978) use the term inframarginal for the 
more profitable, lower cost firms. Rose, however, argues that the 
reat components in supply price makes it difficult to link given firms 
wth particular points on the supply curve. 
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Figure 7. Lindner and Jarrett’s research ben- 
efits 


(12) change in total benefits 
(A,M,M,A,) = 3,0: 
уз P,Q, + О,А, = О,А,), 


(13) change in producer benefits 
E КО,А, Е О,А; 7 P,Q, F Р,О,), апа 

(14) change in consumer benefits 
> 30,0: — P,Q, + Р.О, — Р,О,), 
where P, and Q, are current price and quan- 

Я k 

шу; P = РА - 2), 0, = 01 + 
ken 
etn 





) where k is the absolute cost reduc- 


tion at Q, divided by P,, e and n are the price 
elasticities of supply and demand, respectively 
(n is an absolute value); А, = A,(1 — K) fora 
proportional shift, A, — (A, — R), where R is 
the absolute reduction in average costs for all 
firms for a parallel shift, and A, — A, for a 
pivotal shift. 

Lindner and Jarrett made a computational 
error which was subsequently pointed out by 
Rose and by Wise and Fell. Lindner and Jar- 
rett (1980) point out that it arose because their 
equations apply only when the supply and de- 
mand curves are linear. Their calculation of Р, 
and Q; from P, and Q, using a value of the 
local elasticity of supply implied by the chosen 
values of А; relative to P, and О, violated the 
linearity assumption. Rose and Wise and Fell 
suggested inclusion of a kink in the 5, curve 
directly below M, to handle this problem 
(figure 8). 

Rose proposed the following equation to es- 
timate the change in total net social surplus: 
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Figure 8. Rose's kinked supply curve 


(15) change in total net social surplus 
= 3Q,(KP, + А„ — A1) * iKP,(Q; = Qo); 


where the first term represents the area 
A MBA, and the second term corresponds to 
M,M,B. For a parallel shift, this reduces to 


(16) change in total net social surplus 
= KP,Q, + 4KP,(O, EX Q,). 
For a pivotal shift it is 


(17) change in total net social surplus 
= iKP,Q, + $3KP,(Q: ш Qo). 

The above discussion illustrates the extent 
to which CS studies have differed in specifica- 
tion of supply and demand functions and in the 
nature of supply function shifts. The various 
formulas presented here and others in the lit- 
erature (for example, Barletta, Dalrymple, 
Ramalho de Castro, and Ardila) reflect these 
differences as well as alternative ‘‘K’’-value 
derivations. The major differences and rela- 
tive importance of shift, elasticity, and K- 
value assumptions underlying the Griliches 
(1958), Peterson (1967), Hertford and 
Schmitz, Akino and Hayami, Lindner and Jar- 
rett (1978), and Rose formulas are sum- 
marized below. 

Griliches assumed a parallel shift (horizon- 
tal or vertical); Peterson a proportional shift; 
Hertford and Schmitz a parallel shift; Akino 
and Hayami a pivotal shift; and Lindner and 
Jarrett and Rose four shifts. The nature of the 
shift assumed is very important. Divergent 
shifts result in fewer benefits to producers 
than either parallel or convergent shifts. Dun- 
can and Tisdell have shown that producer re- 
turns will be negative when research leads toa 
divergent supply shift if demand is inelastic. 
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Lindner and Jarrett (1978) assert that these 
assumptions predetermined Akino and Hay- 
ami's conclusions about the distributional 
eifects of Japanese rice breeding. 

Griliches, Hertford and Schmitz, and Lind- 
ner and Jarrett assumed linear supply and de- 
mand curves. Peterson assumed a general 
specification. Akino and Hayami assumed 
constant elasticity supply and demand curves 
and Rose a linear kinked supply curve and a 
linear demand curve. These differences are 
less important than the type and magnitude of 
tae supply shift. 

The size of K is a major determinant of net 
tenefits. In some cases K has been measured 
as an output effect (horizontal shift in the sup- 
rly curve) and in others as a cost effect (verti- 
cal shift in the supply curve). The Hertford 
and Schmitz formula includes К as a horizon- 
tal shifter. Lindner and Jarrett (1978) and 
Rose used it as a vertical supply curve shifter. 
Akino and Hayami used K as a production 
function shifter. Peterson measured K as the 
proportional change in equilibrium quantity 
following the supply shift. This is less than 
Hertford and Schmitz's horizontal distance 
between the supply curves because of the fall 
in equilibrium price. 

Equation (3), (18), (19), and (20) illustrate 
differences in the various total net social 
surplus formulas due to shift, functional form, 
and K values. 


(18) Change in total net social surplus 
1 K 

= а hg 

KPO TES) 


Equation (18) was derived from Akino and 
Hayami's results, converting their production 
function shifter to a supply function shifter; P, 
and Q, are equilibrium quantity and price after 
a rightward supply shift. It is similar to equa- 
tion (3) from Hertford and Schmitz. The addi- 
tional e occurs because Akino and Havami 
assumed a pivotal rather than parallel shift and 
a constant elasticity rather than linear supply 
curve. Had they assumed a linear supply 
curve, the first bracketed term would have 
equaled 1/2. Had they assumed linearity and a 
oarallel shift, the two equations would be the 
зате. 

Equations (19) апа (20) represent а parailel 
and a pivotal supply shift, respectively. They 
were derived from equations (16) and (17). 


(19) Change in total net social surplus 


= КР,041 + rt 
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(20) Change in total net social surplus 


These equations differ from (3) and (18) be- 
cause P, and Q, are equilibrium price. and 
quantity before the supply shift. Also, K is a 
proportional vertical shift in the supply curve. 
It could be converted to a horizontal shift 
since K = ke (Lindner and Jarrett 1978). 

Peterson’s formula measures the area below 
the demand curve between the old and new 
equilibrium quantity to approximate the area 
between the supply curves. With a perfectly 
inelastic supply curve, it is identical to 
Hertford and Schmitz’s equation (3). Gri- 
liches’s formulas are special cases of equa- 
tion (3) in the perfectly inelastic and of Lind- 
ner and Jarrett and Rose in the perfectly elas- 
tic supply case where new equilibrium price 
and quantity are used in the derivation of K 
and where л = 1. 

The demand elasticity is also important be- 
cause the more inelastic the demand curve, 
the more likely producers will lose following 
technical change. Also, if the supply elasticity 
is absolutely larger than the demand elasticity, 
consumers will tend to receive a larger share 
cf the benefits than producers. In addition, 
those technologies which do not directly dis- 
place labor can do so indirectly as a result of a 
fall in the product price if the demand elastic- 
ity is low. Binswanger (1980) stressed the im- 
portance of general equilibrium effects on fac- 
toral income distribution. With the exception 
of a comment by Musalem, a reply by Ayer 
and Schuh (1974), and Just and Hueth's analy- 
sis of welfare effects of changes in economic 
surpluses in intermediate markets, general 
equilibrium effects have been ignored in CS 
evaluation. The basic flexibility of the CS ap- 
proach can be a liability if underlying relation- 
ships and policies are not accurately mirrored 
in the analysis. 


Production Function Approach 


The basic model used in the production func- 
tion (PF) approach has been 


n n о.) s 
Q-A][x^ [| &e. 
i-1 3=0 


where О is value of agricultural output, A is а 
shift factor, X; is the ith conventional produc- 
tion input, R, , is expenditure on research (and 
extension) in the r—jth year, 8; is the produc- 


(21) 
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tion coefficient of the ith conventional input, 
œ; is the partial production coefficient of re- 
search (and extension) in the t—jth year, and u 
is a random error term. 

A major source of variation among PF stud- 
ies is the length and shape of the time lag 
reflecting the impact of research expenditures 
on output. Early studies, such as the pioneer- 
ing work by Griliches (1964), used either a 
single year's lagged expenditure or a simple 
average of two previous years. In more recent 
U.S. studies, Evenson (1967), Fishelson, and 
Cline and Lu have used an inverted 'V' or 
‘U’-shaped distribution with a mean lag of six 
to seven years. 

The model of equation (21) has been esti- 
mated mainly with cross-section data. Aggre- 
gate output was used by Griliches (1964) and 
Davis for the United States and Kahlon et al. 
for India. Others applied the model to com- 
‘modity groups, for example, Peterson (1967), 
Bredahl and Peterson, and Norton. The latter 
two studies estimated the marginal .internal 
rate of return (MIRR) to each of four commod- 
ity groups (cash grains, dairy, poultry, and 
livestock) and suggested how to increase the 
overall rate of return by reallocating research 
dollars from relatively low to relatively high 
payoff commodities. 

Time-series studies often display an alterna- 
tive specification: 

n 

(22) Р = AWE: |] Ree", 

j=0 
where P is a productivity index of agricultural 
output; W is a weather index; E is a measure of 
the education level of farm workers; and y, є 
are productivity coefficients for the associated 
inputs.” 

Most studies used a Cobb-Douglas spec- 
ification. High intercorrelation problems with 
time-series data for conventional production 
inputs and the general lack of sufficient data 
for the important conventional inputs are 


major reasons for the use of a productivity . 


index as the dependent variable. 

' Evenson (1967) first used this model to cal- 
culate the marginal product of research in the 
United States. Cline and Lu updated and re- 
fined Evenson’s work for aggregate agricul- 
tural output and for ten production regions. 


2 Duality approaches using cost or profit functions provide al- 
ternative means of analyzing time-series data and have been used 
by Binswanger (1974), by Gollop and Jorgenson, and by others to 
analyze technical change. They have not been used as yet to 
calculate the payoff to agricultural research, however, and there- 
fore are not discussed in this review. 
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The quality of various productivity indices 
is always in question. Evenson (1978) pre- 
sented his own alternatives to officially pub- 
lished series of the U.S. aggregate index for 
1870 to 1971, for regional indices for 1927 to 
1971, and for individual state indices for 1949 
to 1971. He analyzed the relationships be- 
tween productivity and investment in (а) ag- 
ricultural invention, (5) education, and (c) re- 
search and extension. Evenson divided the: 
United States into geoclimatic regions and at- 
tempted to isolate spillover effects of research 
between different. states. The research expen- 
diture for each region was measured using 
commodity group research expenditures and 
output value proportions. His results showed 
à significant spillover effect between states. 
Evenson, Waggoner, and Ruttan also tested 
the impact of decentralizing scientists in sub- 
stations. They found that decentralization of 
research within a state had a positive effect on 
productivity of state systems. Flores-Moya, 
Evenson, and Hayami; White and Havlicek; 
and others also analyzed the spillover of re- 
search among states, regions, and countries. 

While all PF studies discussed above used 
research (and extension) expenditures as the 
measure of research, specific items included 
have varied considerably. For example, U.S. 
studies have ranged from that by Bredahl and 
Peterson which used only commodity-specific 
research expenditures by the state experiment 
stations to that by Cline and Lu which used 
total research and extension expenditures by 
experiment stations, the USDA, and the soil 
conservation service. Alternatively, Evenson 
and Kislev (1973, 1975) and Evenson (1974) 
used the number of scientific publications as a 
proxy for research. Evenson also separated 
expenditures into commodity-specific applied 
research and noncommodity-specific, agricul- 
turally related basic research. Evenson and 
Binswanger included separate variables to 
measure effects of applied research and basic, 
science-oriented research. 

The PF approach is useful for separating the 
production effects of research from those of 
education and conventional inputs among 
geographical areas. It also allows estimation of 
marginal as opposed to average rates of re- 
turn. Difficulty in obtaining data on production 
inputs such as labor, machinery, and chemical 
applications by commodity remains a major 


` limitation. Another is the uncertainty of pro- 


jecting past rates of return into the future. 
Davis provided evidence that the production 
coefficient on the research variable in aggre- 
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gate agricultural production functions has de- 
clined since the 1950s, but remained stable 
since 1964. Finally, PF studies have treatec 
research as an exogenous variable, a generally 
questionable assumption. 


Netional Income Approach 


Tweeten and Hines calculated how much 
lower the national income would be if the per- 
centage of peorle on farms was still the same 
as in 1910 and the resulting additional farmers 
had the income of today's farmers instead o- 
today's nonfarmers. They estimated the costs 
of public and private research, eduzation, and 
federal programs. Then they calculated a 
benefit-cost ratio. 

The larger the gap in earnings between farm 
amd nonfarm workers and the higher the mi- 
gration rate off the farm, the higher the returns 
to agricultural research and extension will be 
under this procedure. Marginal returns to re- 
search approach zero as the farm population 
stabilizes. 


Nutritional Impact Approach 


Pinstrup-Andersen, Londofio, and Hoover 
developed a procedure to estimate the nutri- 
tional implications of alternative commodity 
priorities in agricultural research policy. The 
model estimates the distribution of commodity 
suply increases among consumers, the re- 
lated adjustments in total food consumption, 
and implications for calorie and protein nutri- 
tion. 

Their model has two phases: (a) a price 
elzsticity of demand matrix for various income 
strata and for the whole market end (b) the 
distribution of a hypothetical supply increase 
among income strata with resulting adjust- 
ments in consumption of other goods which 
impacts on calorie and protein nu-rition. 


Ex Ante Evaluation 


Ex ante studies can be classified into four 
groups: (a) those using scoring models to rank 
research activities, (b) those employing ben- 
ef t-cost analysis to establish rates of return to 
research, (c) those using simulation models, 
and (d) those using mathematical program- 
ming to select an optimal mix of research ac- 
tivities. 
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In 1966 the National Association of State Uni- 
versities and Land Grant Colleges-U.S. De- 
partment of Agriculture (NASULGC-USDA) 
published a study of U.S. agricultural and 
forestry research programs. A task force eval- 
uated the strengths and weaknesses in the re- 
search program, identified future research 
problems, and recommended a level of public 
research investment for the next few years. A 
simple scoring model (SM) was used to de- 
termine the extent to which each research 
problem area met specified weighted criteria, 
although it was not employed on a systematic 
basis to arrive at the final estimate of research 
needs presented in the NASULGC-USDA 
study (Williamson). A major result of the 
study was the systematic classification of re- 
search problem areas now used in the USDA's 
Current Research Inventory System (CRIS). 
Mahistede, -and Paulson and Kaldor re- 
ported on an SM program at Iowa State Uni- 
versity ‘‘to ensure the greatest return for the 
research money spent at the experiment sta- 
tion" (Mahlstede, p. 327). First, adminis- 
trators and department heads set goals of 
growth, equity, and security. Then research 
was classified into three major areas: commod- 
ity, resource, and agricultural management re- 
search. These areas were divided into nine- 
teen subareas, and a panel was assigned to 
each to identify research alternatives and es- 
timate the costs. Finally, a scoring procedure 
was used based on ten criteria including the 
probability of success. "The validity of the 
study rests heavily on the premise that scien- 
tists, through a systematic group effort, can 
predict, to some degree, the outcome of scien- 
tific inquiry and, thus, improve the basis for 
selecting research activities that will offer the 
highest return" (Mahlstede, p. 327). 
Shumway and McCracken reported on a 
model used at the North Carolina Agricultural 
Experiment Station to determine the emphasis 
on each of several research problem areas 
(RPA) defined by the USDA CRIS classifica- 
tion. ‘Тһе key actors in the study included the 
experiment station administration, two de- 
partment head committees concerned with re- 
search planning and program implementation, 
twenty interdisciplinary faculty task forces, 
eighteen extramural scientist panels, and 
twenty-three academic departments" (Shum- 
way and McCracken, p. 714). Each of the last 
three groups either rated or scored problem 
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areas or recommendations of other groups. A 
simple SM was used along with a Delphi pro- 
cedure. Shumway and McCracken noted little 
consistency within or among groups of scor- 
ers. Schuh and Tollini point out that less atten- 
tion was given to setting goals in the North 
Carolina procedure than was done in Iowa. 
The NASULGC-USDA, Iowa, end North 
Carolina scoring models are conceptually sim- 
ple but labor-intensive requiring frequent 
meetings among people for whom the oppor- 
tunity cost of time is high. They have the ad- 
vantage of incorporating benefits and goals 


that are difficult to quantify by most other . 


procedures, but rankings are not, independent 
of the rating scheme. 


Ex Ante Benefit-Cost Approach 


Several studies, conceptually analogous to ex 
post CS studies, calculated rates of return or 
benefit-cost (BC) ratios to proposed agricul- 
tural research. It is difficult to predict payoffs 
to individual projects because of the stochastic 
nature of research payoffs. Hence, a major 
difference among ex ante BC stucies is the 
projection of yield increases or cost reduc- 
tions. 

Fishel (1971b) described a computerized 
model for collecting and processing informa- 
tion needed to evaluate research activities and 
to select an efficient allocation of -esources. 
The model, called Minnesota Agricultural Re- 
search Resources Allocations Irformation 
(MARRAIS), involved three maor steps: 
specification, estimation, and analysis. Project 
selection: was left to the decision maker. 
Benefit-cost ratios, benefits minus costs, and 
internal rates of return were calculated by 
computer to obtain the needed information. 
Surveys were sent to numerous scientists in 
fields related to the proposed research project. 
They estimated average annual expenditures, 
time requirements, and technical feasibility. 
Subjective probability distributions of costs 
and values were generated for alternative 
levels of expenditures via a Monte-Carlo sam- 
pling procedure. MARRAIS is a sophisticated 
research evaluation model whose complexity 
may generate higher costs than simpler mod- 
els. 

Ramalho de Castro and Schuh presented a 
model focusing on growth and distributional 
effects of technical change along with direct 
and indirect effects of research. They set four 
goals for the research program, assumed. a 
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shift in the supply curve for various crops 
caused by technological change, compared 
distributional effects on consumers and pro- 
ducers, and examined implications of factor 
scarcity on desired research direction. They 
discussed effects of technological change in 
agriculture on the nonagricultural sector and 
the effects of economic policies on social 
benefits and costs of research. Their model 
minimizes the burden on scientists because it 
relies primarily on secondary data to project 
yield increases, adoption rates, and prob- 
abilities of success. 

Taking a different approach, Easter and 
Norton used scientists’ estimates of yield and 
cost effects of various research and expected 
adoption rates of new technologies to apply 
BC analysis to the land grant universities’ 
1978 USDA budget requests for soybean and 
corn production research. A 10% discount rate 
was applied, harvested acreage was held con- 
stant, and a specific set of prices was assumed. 
An important aspect of the analysis was the 
BC ratio's sensitivity to variations in prob- 
abilities of success, expected yield increases, 
product prices, and lags between research ex- 
penditures and availability of results. Sensitiv- 
ity analysis provides decision makers with in- 
formation on the importance of added preci- 
sion in the evaluation. Effects on prices re- 
ceived by farmers, meat prices, and prices of 
fats and oils were estimated with impact mul- 
tipliers from another study. 

Araji, Sim, and Gardner conducted a similar 
type of evaluation for various commodities in 
the western United States. They conducted 
interviews with agricultural researchers and 
extension specialists to determine initiation 
and termination dates for research projects, 
probability of research success, probability 
and rate of adoption of research results (with 
and without extension), and the resources re- 
quired to adopt and maintain the new tech- 
nology. Yield, quality, and production cost 
changes resulting from the new technology 


"were estimated, as were flows of benefits and 


costs, BC ratios, and internal rates of return 
for each project. They also estimated the pro- 
ductivity reduction which would result from : 
eliminating maintenance research and used 
price flexibilities to determine effects on prices 
and consumer expenditures. 

In another study, Eddleman (pp. 34-35) 
made use of multipliers from a national input- 
output analysis to measure secondary impacts 
of an increase in agricultural productivity. 
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Gross benefits were the changes in other sec- 
tors’ output resulting from increzsed agricul- 
tural output. Net benefits were wage increases 
caused by expanded employment plus net 
profit gains in each sector. 

The key to useful ex ante BC analysis is 
cooperation between physical and social sci- 
entists. If cocperation is presen-, rates and 
distributions of returns can be assessed rela- 
tively quickly. As with ex. post CS analyses, 
assumptions made about demand and supply 
elasticities have important distributional im- 
plications. 


Simulation Approach 


Many researchers have constructed simula- 
tion (SI) models for research evaluation. 
Pinstrup-Andersen and Franklin described the 
basic components of an SI model for predict- 
ing relative contributions and costs of alterna- 
tive research activities. Their first step is to 
establish overall goals. This is followed by ап 
identification of changes in product supply, 
irput demand, and farm consumption neces- 
sary to achieve those goals. Then research 
problems and alternative technologies to solve 
them are identified. The next step is to esti- 
mate the time, costs, and probabilities in- 
volved in research and farm ado»tion of the 
alternative technologies. Estimation of effects 
ол farm consumption, product dzmand, and 
irput-supply follows. Finally, specification of 
technology to be developed and scientists' 
working objectives are established. These 
steps require an extensive amount of data and 
estimation of numerous mathematical rela- 
tionships. 

Lu, Quance, and Liu formulated an SI 
r.odel with R&E expenditures as a principal 
decision variable. Agricultural productivity 
changes were attributed to lagged values of 
production-oriented public agricultural R&E 
investments, changes in farmers’ education, 
and weather. They used the model to project 
agricultural productivity growth under three 
alternative R&E investment growth rate 
scenarios. They also estimated BC ratios and 
internal rates of return to R&E investments. 
Knutson and Tweeten employed a similar 
model using the USDA-ESCS National- 
Interregional Projections (NIRAP) System to 
project farm output and prices resulting from 
projected charges in productivity. 

White, Havlicek, and Otto analyzed in- 
vestment patterns for agricultural productivity 
growth. They first estimated effects of re- 
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search and extension on aggregate U.S. ag- 
ricultural productivity with a time-series pro- 
duction function. Then they used control 
theory to determine optimal research expendi- 
tures for a given rate of increase in farm prices 
under selected conditions. Finally they exam- 
ined effects of reduced research funding on 
consumer food expenditures and on taxes. 

Scobie (1979) developed an SI model includ- 
ing a production function, supply and demand 
functions, and a discounted cash flow analysis 
to determine the optimal level of agricultural 
research investment. Output was assumed to 
grow at a given minimum rate without re- 
search. As research investment increased, the 
output growth rate increased but at a diminish- 
ing rate becoming asymptotic to a maximum 
rate. By varying assumptions about lags, func- 
tional forms, etc., he estimated annual re- 
search investments that would generate vari- 
ous internal rates of return. 

SI models are more widely used for research 
evaluation in the private sector than for public 
agricultural research evaluation. Perhaps this 
is because the industrial research process is 
better understood and/or more tightly planned 
and controlled. Also, private research and de- 
velopment is likely to be less uncertain in 
its payoffs being more ''applied" and less 
"basic" than public research. 

Kislev and Rabiner feel that the research 
evaluator should.try to identify and incorpo- 
rate factors affecting process in given research 
lines. Using the Israeli dairy herd as an exam- 
ple, they built an SI model of a breeding pro- 
gram incorporating principles of quantitative 
genetics, decision variables, and natural con- 
straints to selection. They defined an ideal 
breeding model and attempted to explain the 
gap between the real breeding program and the 
ideal system. This information is useful for ex 
ante evaluation because it provides a guide to 
constraining factors in research. 

SI models are flexible. They can be used to 
estimate (a) optimal levels of research at a 
national, commodity, or program level, and 
(b) effects of research on prices, income, em- 
ployment, or other parameters. Unless the 
models are extremely naive, however, their 
construction requires much time and informa- 
tion. 


Mathematical Programming Approach 
Two studies have used mathematical pro- 


gramming. (MP) to determine optimal alloca- 
tion of a given research budget. Russell devel- 
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oped a model called the Resource Allocation 
System for Agricultural Research (RASAR) to 
assist in selecting a portfolio of government- 
sponsored agricultural research projects in the 
United Kingdom. He first established an over- 
all goal of outputs ‘‘needed to permit the at- 
tainment of an ideal state for social welfare” 
(p. 34). Three dimensions of this goal were 
identified (consumption, security, and equity) 
along with nine aspects of these dimensions 
and a rating system. He used an MP model to 
maximize utility from the research program. It 
provided information on (а) the set of projects 
in the research program, (5) financing for each 
project, (c) the marginal utility derived from 
investing in extra units of resources for the 
program and each project, and (d) the sensitiv- 
ity of project selection to varying weights on 
goals. The system was tested on a group of 
projects at Scottish research establishments. 

Cartwright developed a model focusing on 
research resource allocation within an ag- 
ricultural economics department. He analyzed 
the problems of choosing major research areas 
and specific research jobs. To analyze the 
former, he developed a nonlinear integer pro- 
gramming model which used a staff preference 
function and information on (a) researcher 
time, (р) funds that new research areas would 
bring into the department, and (c) new staff 
positions that would be created. The job selec- 
tion model also assumed a centralized decision 
process and required similar information. 

A major difficulty in using MP to guide re- 
search resource allocation is that a preference 
function must be specified. Only this and the 
SM approaches require elicitation of decision 
makers' preferences. 


Conclusions and Implications 


Optimal research resource allocation depends 
on the market for research results and techno- 
logical characteristics of the process itself. 
Private firms underinvest from society's view- 
point in many types of agricultural research 
because knowledge generated cannot be fully 
appropriated by the firm producing it. Re- 
search, especially basic research, is inherently 
risky. Governments recognize this and invest 
substantially in agricultural research. 

Many approaches are used to evaluate pub- 
lic research investments. No one approach is 
superior in all situations. While it is possible to 
develop a theoretical model to incorporate all 
relevant research evaluation issues, such a 
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model wouid consume enormous resources 
and time. Therefore, it is useful to compare 
approaches, drawing conclusions about their 
strengths, weaknesses, and ability to answer 
different questions. Several relevant compari- 
sons are shown in table 1. 

Goals must be established before research 
priorities can be set. Goals exist at various 
levels and often conflict. A single research 
project usually bears on multiple goals. The 
more normative the study, the more important 
it is to elicit and quantify trade-offs among 
goals of relevant decision makers. For this 
reason, SM and MP approaches usually in- 
volve some elicitation of goals. All research 
evaluation studies, however, deal implicitly, if 
not explicitly, with goals. Many CS and ex 
ante BC studies, recognizing that equity may 
be an important goal, have examined distribu- 
tional effects on consumers and/or producers. 
The CS and ex ante BC approaches can most 
easily provide this information. 

The PF technique is best for examining ef- 
fects of research on the relative productivity: 
and income shares of input categories. Few 
studies have accounted for secondary impacts 
such as displaced resources, environmental ef- 
fects, or regional impacts, but CS, ex ante BC, 
SM, and SI approaches can do this. 

Economic policies affect returns to agricul- 
tural research. Theoretically, policy can be 
included in every one of the approaches. The 
PF approach does it implicitly, while the oth- 
ers may do it explicitly. - 

It is evident from table 1 that several alter- 
native techniques can be used to answer given 
questions. The choice of which to employ will 
be affected by their relative time costs. A 
quick look at cost characteristics, table 1, in- 
dicates why CS, PF, and ex ante BC ap- 
proaches are the most widely used quantita- 
tive agricultural evaluation tools. Time costs 
partly explain why nonquantitative, com- 
pletely subjective evaluation is so common. 

Can more quantitative analysis of benefits 
and costs improve the decision-making pro- 
cess and, if it can, is it worth the cost? Some 
argue that there is so much serendipity in- 
volved in research, that ex ante evaluation of 
research resource allocation is meaningless. 
Clearly, there is the danger of dampened in- 
centives and creativity if research is ''over- 
managed.” It is difficult to predict high payoff 
projects using any of the techniques in table 1, 
especially in basic research where relevance 
and value may not be readily apparent. Ex 
post rates of return estimated by the CS and 
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Table 1. Comparison among Major Agricultural Research Evaluation Techniques 
Ex Post Techniques? Ex Ante Techniques? 
Characteristic cs PF SM BC SI MP 
1. Requires explicit elicitation of goals. no no usually по no yes 
2. Can determine distributional effects on 
consumers and producers at various -ncome 
levels. yes no no yes yes no 
3. Can determine effects on relative 
productivity of input categories. no yes no no yes no 
4. Can consider secondary impacts of research 
on employment, environment, nutrition. some no yes some yes no 
5. Can consider tradeoff among goals. no no yes no yes yes 
6. Can consider economic policy and trade 
effects. yes yes yes yes yes yes 
7. Relative cost in researcher's time. low interm. interm. low high interm. 
8. Relative cos: in scientist's time. low low high interm interm. interm. 
9. Relative cos: in administrator's time. low low high low low interm. 
10. Relative data requirement. low high low low variable interm. 
11. Can consider value of maintenance research. yes no no yes yes no 
12. Can evaluate benefits to “aggregate” 
research. yes yes no yes yes no 
13. Can evaluate benefits to "commodity" 
research. yes yes yes yes yes yes 
14. Can evaluate benefits to research prcjects or 
program. yes no yes yes yes yes 
15. Can evaluate benefits to ‘‘nonproduction”’ 
or ‘‘noncommodity’’-oriented research. In some no yes In some In some yes 
cases cases cases 
16. Can provide ranking of research projects 
based on multiple goods. no no yes no no yes 
17. Can handle uncertainty. with with yes yes yes yes 
sensitivity — diffic. 
analysis 
18. Can consider the lags involved in research 
and adoption. : yes yes yes yes yes yes 
19. Can quantify public sector-private sector 
interaction. no some no no some no 
20. Can quantify research-extension interaction. no some no no some no 
21. Can quantify spillover effects. no yes no no yes no 
22. Usually estimates marginal rate of return. no yes no no sometimes по 
23. Usually estimates average rate of return. yes no no yes sometimes по 
24, Calculates return while statistically holding 
nonresearch inputs constant. по уе$ по по sometimes по 
25. Usually гесшге computer. по уе$ no no yes yes 
26. Can help icentify or quantify factors most 
affecting progress in given research line. nc no yes yes yes no 
27. Can be used to evaluate basic research. пс some some no some no 





a CS is consumer-producer surplus approack; PF is production function approach. 
> SM is scoring model approach; BC is ex ante benefit cost approach; SI is simulation model approach; MP is mathematical programming 


approach. 


PF approacnes document a general underin- 
vestment in agricultural research. These re- 
sults can be and have been used to support 
state and national budget requests. 

These techniques vary in needed data. The 
PF technique typically requires much data, 
usually secondary. On the other hand, the 
SM requires little, but costly, primary data. 

Few studies have measured the value of 
maintenance research. The maintenance of 
crop and livestock yields over time probably 


reflects a larger proportion of total research 
benefits and could be measured most easily 
with the CS approach. 

Evaluation of research may occur at the 
aggregate, commoditv, and project levels. The 
PF approach has little value at the project 
level where SM and MP approaches are poten- 
tially most applicable: A major problem in 
evaluating noncommodity research is defining 
and measuring the output. In general, the out- 
put is information rather than improved input 
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quality. Potential exists for using CS and ex 
ante BC analyses to quantify returns to such 
research. 

Uncertainty can be incorporated, but it con- 
siderably complicates the PF approach. Time 
lags can be considered, although their statisti- 
cal estimation is feasible only with the PF ap- 
proach. No approach permits accurate mea- 
surement of public-private or the research- 
extension interactions. Research spillover 
from one area to another can be quantified 
with production functions and with some 
types of simulation. 

Not all approaches involve rate-of-return 
calculations. A marginal rate of return can be 
readily calculated using a production function, 
while CS and ex ante BC analyses usually 
provide average rates of return. Being statisti- 
cal methods, the PF and SI approaches can 
hold nonresearch inputs constant in an analy- 
sis. 

SM, SI, and ex ante BC models can be used 
to identify and quantify factors affecting prog- 
ress in given research lines. None do a good job 
evaluating basic research. 

A rich set of evaluative procedures have 
been developed, but additional work is need- 
ed. Three areas in need of further method- 
ological work are (a) the evaluation of non- 
commodity research, (b) analysis of factors 
affecting progress in given research lines, and 
(c) the study of private-public interaction in 
agricultural research, including transmission 
of research results to farmers.? 


[Received November 1979; revision accepted 
April 1981.] 
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Editor's Note 


Two lines of type were inadvertently omitted 
from the article, ‘‘Farmers’ Credit Risks and 
Liquidity Management," written by Barry, 
Baker, and Sanint in the May 1981 issue of the 
Journal. The omission occurred on page 219, 5 
lines above equation (132), where two lines of 
type are repeated. The full sentence, which 
should replace the incorrectly repeated lines 
and conclude the paragraph, is: ‘‘The value of 
6,,, then, is .00013, which requires a higher 
covariance in order for debt use in expression 
(11) to exceed its value in (7)." The editors 
apologize. 


Notes 


Impact of Corn Prices on Slaughter Beef 


Composition and Prices 


Enrique Ospina and C. Richard Shumway 


The purpose cf this paper is to examine the rela- 
tionships between feed grain prices and the beef 
product mix. An annual econometric model of the 
U.S. livestock industry (Ospina and Shumway 
1979, 1980) is used to evaluate the impact of corn 


price changes on the composition of slaughter beef - 


supplies and the relative prices of the quality cate- 
gories by analyzing the reduced-form dynamic raul- 
tipliers. 

The structural form of this model disaggregates 
beef demand among three quality components 
(U.S. Department of Agriculture [USDA] gredes 
prime and choice, good, and standard-and-lower, 
labeled for convenience as choice, good, and til- 
ity, respectively).! Supplies are disaggregated 
among the same quality categories and also among 
sex categories (steers, heifers, and breeding herd 
culls). Simultaneity is modeled in the demand, sup- 
ply, and inventory decisions. Pork and broiler fanc- 
tions are incorporated. The separate effects of cur- 
rent and expected prices on supplies are diifer- 
entiated, and feed grain prices are assumed to be 
exogenous.” All functions are linear, and the analy- 
sis is at the carcass level. 

Three changes were made in the earlier model, 
and its parameters are reestimated (Ospina and 
Shumway 1981). The changes include the follow- 
ing. (a) Three subsequent years of data are added, 
thus making a twenty-three-year data period, 
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! Many models, varying in scope and refinement, are available 
in the literature. Reutlinger disaggregated beef productiom data 
among sex categories (steers, heifers, cows, and hulls). 
Langemeier and Thompson, Freebairn and Rausser, Folwell and 
Shapouri, Shuib and Menkhaus, and Arzac and Wilkinscn dis- 
aggregated by quality into fed and nonfed beef groups. AL have 
incorporated grain prices in the fed beef supply function, tut the 
relation of nonfed beef supplies and grain prices generally has not 
been explored. 

? While supply and demand functions are assumed to dzpend on 
current prices, ir.ventories are functions of expected prices. Prox- 
les for expected prices in the model include (a) lagged prices, and 
(b) prices predicted by polynomial distributed lag model, both 
consistent with the period of decision making (Ospina and Shum- 
way 1979, pp. 49-50). 


2956-78. (b) Because important changes in USDA 
teef grades took place in early 1976 which affected 
the choice and good grade definitions (Nelson), an 
intercept dummy variable is added to these supply 
end demand equations to account for its impact. (c) 
A relatively minor change is made in the disaggre- 
gation of data among the good and utility beef cate- 
gories.? 

The change in USDA grade definitions sig- 
nificantly increases the supply of choice beef and 
decreases the supply of good beef. The estimated 
parameters of the grade change dummy variables 
nave expected signs and low standard errors in five 
of the six structural equations to which they are 
added. 

Several substantive differences from the earlier 
estimation occur in the magnitudes of individual 
»arameters because of the additional data and other 
modifications. However, parameter signs and the 
загііег general conclusions are stable. In particular, 
:he aggregate short-run beef supply response re- 
mains positive (this finding contrasts with the con- 
clusions of some earlier writers, e.g., Reutlinger, 
Tryfos), and the supply response to a 1% decrease 
in corn price remains greater than the response to a 
196 increase in beef prices. At 1978 prices, the elas- 
ticities of beef supply are estimated to be —0.23 
with respect to corn price and +0.15 with respect to 
average beef price. These estimates are similar to 
our earlier estimates of —0.25 and +0.14, respec- 
tively, at mean 1956—75 prices. 


Reduced-Form Model 


The reduced-form model was derived and the stabil- 
ity conditions of the model determined (Theil and 
Boot, p. 144). The model is stable; the absolute 


3 [n the data for the original model, nongraded standard beef 
was assumed to be the same percentage of nongraded beef as 
graded standard beef was of graded beef (Ospina and Shumway 
1980, рр. 23-24). Because this appears to underestimate the quan- 
tity of slaughter beef that would have graded standard or lower, if 
all beef were graded, the data are adjusted for this paper by 
assuming the same standard-to-good ratio in both graded and 
nongraded supplies. This results in somewhat larger estimates of 
utility beef, but only a small percent reduction in good beef. 
Functional forms, underlying assumptions, and variable defini- 
tions remain as in the original model. The data sources are the 
same as previously used (U.S. Department of Agriculture 1965— 
79a, b, c, 1979; U.S. Department of Commerce 1971, 1971-79). 
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value of each of the characteristic roots (two real 
roots, .39 and —.69) of the reduced-form coefficient 
matrix of the lagged endogenous variables is less 
than unity. The system exhibits dampening oscilla- 
tions, and the paths of the endogenous variables are 
convergent. 


Corn Price Multipliers 


The dynamic multipliers were estimated following 
Theil and Boot. Table 1 reports estimates of the 
effects of an increase of $1 per bushel in the price of 
corn on beef quantities supplied and prices. 

The impact multipliers (no lag) indicate that the 
immediate (current year) total effect of an increase 
in the price of corn is a reduction in choice beef 
supplies and increases in good beef and in domestic 
utility beef supplies. Total slaughter beef supplies 
decrease. Higher corn price results in increased 
choice and good beef prices, decreased utility beef 
price, and increased average beef price. 

The delayed multipliers, presented in table 1 for 
each of six years following a sustained corn price 
change, depict the dynamic features of the model. 
Choice beef supplies increase in the next two years 
after a corn price increase, thus partially offsetting 
the substantial reduction that occurs immediately. 
Subsequent differential changes alternate in sign 
and decrease in absolute magnitude. The initial in- 
crease in good beef supplies is further augmented 
by an increase the year after the corn price in- 
crease. Subsequent delayed multipliers move in the 
opposite direction of choice beef supplies; the abso- 
lute value of the multiplier is highest in the second 
year. For the supply of domestic utility beef, the 
delayed multiplier has a positive sign the first two 
years after the corn price increase, and then it al- 
ternates in sign each year thereafter. The magnitude 
of utility beef supply response in the year after the 
corn price change is more than ten times greater 
than in the year of the change. This reflects a sub- 
stantial liquidation of the breeding herd as initial 
changes in corn price are translated into sustained 
changes in price expectations. The delayed multi- 


A 


Slaughter Beef Composition and Prices 701 


plier for total beef supplies is positive in the first year 
after the corn price increase, then alternates in sign 
and decreases in magnitude each year thereafter. 
The immediate directional movement in total beef 
supplies is caused primarily by the large changes in 
choice beef, next, to changes in utility beef, and, 
subsequently, to changes in the good beef category. 

The delayed multipliers for the price of each beef 
category are negative during the first two years 
after the corn price increase and positive in the 
third year. Then they alternate in sign thereafter, 
always decreasing in magnitude. The strength of the 
effect of a corn price change on utility beef price 
may at first seem somewhat surprising since corn 
price does not enter the structural equation because 
not much grain is fed to cows prior to slaughtering. 
This result, however, underscores the effect of corn 
price on beef breeding herd buildup and liquidation. 

The equilibrium (or cumulative) multiplier result- 
ing from a sustained corn price increase implies a 
large decrease in choice beef supplies, a minor in- 
crease in good beef supplies, and a substantial in- 
crease in utility beef supplies. The absolute mag- 
nitude of the change in choice beef supplies is dou- 
ble that in the other two categories combined. 
Thus, there is 2 decrease in overall beef slaughter. 
The equilibrium multipliers for beef prices indicate 
an increase in choice beef prices, and a decrease in 
good, utility, and average beef prices. By far the 
greatest price change is for utility beef. 


Multiplier Effects on 1978 Levels 


Choice beef supplies in 1978 were 12,670 million 
pounds, good beef supplies were 6,578 million 
pounds, and domestic utility beef supplies were 
4,835 million pounds, representing 52.6%, 27.3%, 
and 20.1%, respectively, of total domestic slaughter 
beef supplies. Average corn price for 1978 was 
$2.31 per buskel. An increase of $1 per bushel of 
corn (43% of 1978 price) reduces current-year 
choice beef supplies by 21% (to 10,060 million Ibs.); 
it increases good beef supplies and utility beef 
supplies by 1.4% and 1.9% each (to 6,670 and 4,926 








Table 1. Mean Estimates of Multipliers for an Increase of $1 per Bushel in Corn Price 
Beef Quantity Beef Price 

Years Choice Good Utility All Choice Good Utility All 

peewee tae Ie Se (1,00010s.)----—---- выла eh ш (фе) >м 
0 —2,609,977.0 91,914.0 91,109.9 —2,426,953.1 5.97 2.48 | —7.64 1.65 
1 240,675.0 157,140.0 918,367.0 1,316, 182.3 —3.49 -3.48 -5.82  —4.09 
2 106,024.7 —199,160.9 21,676.6 —71,459.6 —.29 —.86 —1.82 —.82 
3 —73,050.7 137,221.8 —14,935.2 49,235.5 .20 .59 1.25 57 
4 50,332.0 —94,545.8 10,290.3 —33,923.5 —.14 —.41 —.86 -.39 
5 —34,678.7 65,142.0 —7,090.0 23,373.3 .10 -28 .59 27 
6 23,893.6 —33,882.9 4,885.0 —5,104.3 —.07 —.19 —.41 —.19 
Cumulative —2,306,529.0 131,138.0 1,022,311.0 —1,153,080.0 2.31 —1.51 ~14.54 —2.93 
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million Ibs., respectively). Total beef supplies de- 
crease by 10%. The new proportions are 46.5%, 
30.8%, and 22.7% for chaice, good, and utility teef 
supplies, respectively. The choice-good beef quan- 
tity ratio declines from 1.93 to 1.51, and the 
zhoice-utility beef quantity ratio declines from 2.62 
to 2.04, 

An increase in corn price that is sustained long 
enough to attain a new equilibrium reduces chcice 
beef supplies by 18% (to 10,363 million Ibs.), in- 
zreases good beef supplies by 2% (to 6,709 million 
lbs.), and increases utility beef supplies by 2196 (to 
5,857 million Ibs.). Total beef supplies decrease by 
5%. The new proportions are 45.2%, 29.3%, and 
25.5% for choice, good, and utility beef supolies, 
respectively. The choice-good beef quantity ratio is 
1.54, and the choice-utility beef quantity ratic is 
1.77. 

Prices in 1978 were $79.78, $75.47, and $65.37 per 
aundredweight for choice, good, and utility beef, 
zespectively. Following an increase in corn price of 
$1 per bushel, current-year choice beef price in- 
creases by an estimated 7.5% (to $85.75/cwt.), 
200d beef price increases by 3.3% (to $77.95/cwt.), 
and utility beef price declines by 11.7% (to $57.73/ 
cwt.). The choice-good beef price ratio increases 
only a little, from 1.06 to 1.10, and the choice-utility 
price ratio increases from 1.22 to 1.49. 

With sustained increase in corn price, choice beef 
price increases by 2.9% (to $82.09/cwt.), good bzef 
price declines by 2% (to $73.96/cwt.), and utility 
beef price declines by 22.2% (to $50.82/cwt.). The 
new choice-good price ratio is 1.11, and the 
choice-utility price ratio is 1.61. 


Elasticities 


Total elasticities of beef quantities and prices with 
. respect to corn price are in table 2. These elasticities 
are derived from the reduced-form equatioas at 
1978 variable levels. They are measures of the gen- 


Table 2. Total Elasticities of Domestic 
Slaughter Beef Quantity and Price 


Elasticity with Res»ect 
to Corn Price Change? 





Current When 
Category Year Sustained 
Choice beef quantity —.48 —.42 
Good beef quantity .03 .05 
Utility beef quantity .04 .49 
All beef quantity —.24 -.11 
Choice beef price . 7 .07 
Good beef price .08 —.05 
Utility beef price -.27 —.51 
All beef price .05 —.09 





* Computed at 1978 levels. 
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eral equilibrium elasticities after either all current 
year or all cumulative adjustments in other vari- 
ables have been accounted for. Consequently, they 
differ from partial supply elasticities based on the 
structural model parameters. Some of the total elas- 
ticities for a sustained change in corn price also 
differ substantially from the total elasticities for a 
current year change in corn price. Most notable are 
the elasticities for utility beef quantity and price. 
This difference occurs because lagged prices are 
used as proxies for expected prices in the breeding 
herd inventory demand equation. Thus, the major 
change in slaughter cow supplies is estimated to 
occur in the year after the initial change in corn 
price. 

If corn price were to increase 10%, a very small 
(.4%) current year increase in lean (good and util- 
ity) beef supplies would result. It would be accom- 
panied by a substantial (4.896) decrease in choice 
beef supplies and an important reduction (2.496) in 
the total quantity of beef marketed. Price of utility 
beef drops considerably (2.7%) but the average 
price of all beef increases a little (.5%). 

A sustained 10% increase in corn price has a 
major impact on the supply of lean beef (4.995 in- 
crease in utility and .5% increase in good beef). The 
4.2% decrease in choice beef results in a 1.1% total 
decrease in beef marketed. Only the price of choice 
beef goes up (.7%). The price of utility beef drops 
5.196 and the average price of all beef goes down 
.9%. Thus, sustained increases in the price of grain 
have important implications on the quantity of lean 
beef marketed, the ratio of choice to lean beef, and 
the price of utility beef. 


Conclusions 


The impact of corn price on composition and prices 
of slaughter beef was examined from the reduced 
form of an annual disaggregated econometric model 
of the U.S. livestock industry. The quality compo- 
sition and relative prices of slaughter beef categories 
change dramatically in response to corn price 
changes. This is true both of current year and long- 
term effects. The greatest current year impacts of 
an increase in corn price are decreases in choice 
beef slaughter and utility beef price. In the long run, 
a sustained corn price increase will have its greatest 
influence by decreasing choice beef slaughter, in- 
creasing utility beef slaughter, and decreasing util- 
ity beef price. The contention that higher grain 
prices will eventually mean higher beef prices is 
supported by this analysis only with respect to 
choice beef. Average beef price actually declines 
because of a major reduction in quality of beef 
marketed. Not only are choice beef supplies sub- 
stantially reduced but lean beef production is in- 
creased, and price differentials are widened. Thus, 
the change in perceived quality is amplified. 


[Received July 1980; revision accepted April 1981.] 
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Price Variation in Direct and Terminal Markets for 
Cattle and Hogs: An Illinois Case 


Mahlon G. Lang and Franco Rosa 


The increasing importance of direct, as opposed to 
terminal, livestock markets is well-known. Dur.ng 
the 1961—78 period, the nation’s share of cattle pur- 
chased through direct channels rose from 38% to 
73.4%, and the nation's share of hogs sold directly 
rose from 59.6% to 73.8%. 

Pecuniary advantages of direct marketing explain 
this trend. Changes in the structure of the livestock 
production and slaughter industries often permit 
-raders to reduce procurement costs through direct 
purchases. Among these changes are the decen- 
zralization of packing firms and the emergence of 
larger production units. But there is concern regard- 
ing the price discovery implications of the trend to 
direct marketing. This is reflected in research on 
marketing alternatives for agriculture and in con- 
cern about ''thin" markets (Hayenga). 

The marketing alternatives and thin markets lit- 
erature is ultimately concerned with the perfor- 
mance consequences of vertical coordination alter- 
natives. While that literature identifies several per- 
formance dimensions by which to compare these 
alternatives, the development of operational per- 
formance measures has been slow. 

Day-to-day price variation was used to compare 
performance in [Illinois direct and terminal markets 
for slaughter cattle and hogs. This involved (a) the 
development of a working hypothesis, (b) the col- 
lection of data with which to test the hypothesis, 
and (c) the analysis and interpretation of these data. 


Theory and Hypothesis 


In a perfect market, the equilibrium price of a g.ven 
commodity at spatially separated points will, 
ceteris paribus, differ at most by transfer costs 
(Bressler and King, p. 89). This assumes (a) perfect 
knowledge by buyers and sellers, (b) rational be- 
havior, and (c) free entry in all directions (Bressler 
and King, p. 84). Under these conditions, one also 
would expect equal day-to-day price variance in 
spatially separated markets. 
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former student in the Department of Agricultural Economics at 
Purdue University. ; 

Journal Paper No. 8238 of the Purdue University Agriccltural 
Experiment Station. 

The authors express their gratitude to E. M. Babb, J. A. Brandt, 
L. F. Schrader, and two anonymous reviewers for thei- helpful 
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But there are two reasons to expect that observed 
price variance is greater in direct markets than in 
terminal markets. These involve market structure 
and price-reporting practices. 

First, market information is more complete in 
terminal markets than in direct markets. Since ter- 
minal market trading is geographically concen- 
trated, price discovery in a given terminal market 
transaction may be directly affected by several 
well-informed packer buyers and several commis- 
sion agents who, as market specialists, represent 
producers. 

In contrast, direct market transactions are geo- 
graphically diffused. Transactions are consum- 
mated at many packing houses, country buying 
points and individual feedlots. An individual trans- 
ection may be directly affected by only one buyer 
and one seller. While packer buyers may be well-in- 
formed, the producer, who is not a market 
specialist, generally cannot bring as much market 
information to a direct market transaction as can a 
commission agent in a terminal market. 

Second, direct-market price reports are based on 
sampling and the reporter's judgement. But termi- 
nal-market price reports are based on a summary of 
virtually all trading at the terminal. Hence, the 
sampling error is greater in direct market price re- 
ports than in terminal reports. 

These observations are the basis for the hypothe- 
sis that observed day-to-day price variation is 
greater in direct than in terminal markets. This hy- 
pothesis was explored bv testing formal hypotheses 
of equal statistical variance. 


Method 


Data were secured through the Illinois Federal- 
State Market News Office. The data include daily 
prices paid in 1976 to farmers in the Illinois direct 
and terminal markets for nine classes of slaughter 
cattle and seven classes of slaughter hogs. Terminal 
market data reflect trading at Joliet, Illinois. The 
direct market data represent the market reporters' 
summary of direct purchases by seven packers and 
seven order buyers. 

The raw data were reported as a daily range of 
prices for each class of livestock. The midpoint of 
each reported range was used in the analysis. The 
midpoint would not be a maximum likelihood price 
estimator if there were a reporting bias. However, 
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since variance is independent of scale, this would 
not affect the measure of day-to-day price variance 
if one assumes that any reporting bias is consistent. 

The data were subdivided by month to reduce the 
influence of seasonal price variation. Then, to 
eliminate the effects of within-month trends, a qua- 
dratic trend line was estimated for each month, for 
both markets and for both classes of livestock. In 
more than two-thirds of the cases, an F-test for the 
presence of trend was significant at the .05 level. 


Results 


For cattle, well over half of the monthly compari- 
sons showed greater price variance in direct mar- 
kets than in terminal markets. For hogs, the re- 
verse was true. While statistically significant, we 
judge that these differences are not economically 
significant. 


Price Variance around Trend: Cattle 


Cattle price data were sufficient to compute 83 di- 
rect and terminal market variance pairs. Ratios of 
the sample variance pairs were used to compute 
F-statistics with which to test the hypothesis of 
equal variance. 

As table 1 shows, the hypothesis of equal vari- 
ance was rejected nineteen times at the .10 level in 
favor of the alternative hypothesis of greater direct 
market price variance. The same hypothesis was 
rejected twelve times at the .05 level and two times 
at the .01 level. In four cases, the hypothesis was 
rejected in favor of the hypothesis that price vari- 
ance in terminal markets is greater. 


Price Variance around Trend: Hogs 


Hog price data were adequate to secure eighty-four 
direct and terminal market variance pairs. Table 2 
shows that the hypothesis of equal variance was 
rejected twenty-five times at the .10 level, nineteen 
times at the .05 level, and eleven times at the .01 
level. All cases indicated greater price variance in 
the terminal market. 

But of the twenty-five tests in which the equal 
variance hypothesis was rejected, eighteen were 
among the two heaviest (330—500 Ib.) classes. For 
this reason, the sixty variance pairs representing 
the five lighter classes were separated for further 
analysis. 


Further Analysis 


The individual tests of equal variance showed a 
higher variance in the direct cattle market for fifty- 
six of eighty-three variance pairs. For hogs, forty- 
seven of sixty variance pairs showed a higher vari- 
ance in the terminal market. 

But, if price variance in direct and terminal mar- 
kets were equal, one would expect one-half of the 
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variance pairs to show greater variance in the direct 
market and one-half to show greater variance in the 
terminal market. To determine whether the sample 
proportions could have been drawn from such a 
population, an F-statistic (Yamane, pp. 660—4) was 
used to test this hypothesis. For both cattle and 
hog data, the test was rejected at the .01 level. 
These results are consistent with those of the previ- 
ous analysis. 


Economic Significance 


For the period analyzed, the.economic significance 
of these differences is negligible. This is demon- 
strated by drawing upon extreme cases of statisti- 
cally different price variation.! Producers selling 
1,000-pound choice steers in February direct mar- 
kets would have had one chance in seven of receiv- 
ing up to 30g per hundredweight less than their 
counterparts in terminal markets. Producers of 
200-pound 1- and 2-grade hogs, by selling in Janu- 
ary terminal markets, would have run one chance in 
twelve of receiving up to 19g per hundredweight 
less than producers selling in direct markets. Fur- 
ther, assuming normally distributed price variation, 
both cattle and hog producers would have had the 
same chances of gaining up to 30g per hundred- 
weight (cattle) and 19g per hundredweight (hogs) 
by dealing in the markets where price variation was 
greater. 

Because the potential losses from selling in the 
more variable markets were well under 1% of live- 
stock prices at the time of this study, only the 
extreme risk averter would have changed markets 
on the basis of these findings. If the economic con- 
sequences of selling in the market with a greater 
price variance were more severe, producers might 
devote more effort to assembling market intelli- 
gence. Their resulting behavior would then drive 
price variation in the two markets closer together. 


Interpretation: An Alternative Hypothesis 


These mixed findings require further study. There is 
one alternative hypothesis which, while conjec- 
tural, is based upon discussions with livestock mar- 
keting specialists and market reporters who were 
informed of these findings. 

Livestock buyers for a given packer are stationed 
both at country buying points and terminal markets. 
The buyers communicate with each other daily. In 
contrast, all but the most sophisticated livestock 
producers have less access to market information. 
This information asymmetry, along with the buying 
practices discussed below, may explain the mixed 
statistical results. 

On a given day, the aggressiveness with which 


! These calculations are too extensive for presentation here. 
Interested persons may write to the authors. 
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Table 2. Results of F-Tests Comparing Daily Hog Price Variance around Quadratic Trend, by 


Month, Illinois 1976 








200- 220- 240- 200- 220- 330- 400- 
220 Ib. 240 Ib. 270 Ib. 220 Ib. 240 lb.. 400 lb. 500 Ib 
Weight and 1,2 1,2 2,3 1,2,3 1,2,3 1,2,3 2,3 
Grade Grade Grade Grade Grade Grade Grade Grade Total 
Number of pairs of ' i 
months observed 12 12 12 12 12 12 12 84 
Months during which 
terminal market variance 
is greater 9 10 8 9 п 12 11 70 
Months during which 
direct market variance 
is greater 3 2 4 3 1 0 1 14 
Months during which 
terminal market variance 
is significantly greater 
at the .01 level 0 0 1 0 0 5 5 1 
.05 level 0 1 p 0 1 7 9 19 
.10 level 1 2 2 1 1 8 10 25 





buyers must bid to secure needed livestock supplies 
depends on their estimates of availability. A buyer 
procuring livestock in two or more locations logi- 


cally uses the most active location to guide bidding 


at other locations. 

For cattle buyers, terminal yards remain an im- 
portant single source of supply even though, in 
total, more of their purchases are made directly at 
several buying points. They, therefore, use terminal 
market supplies to guide bidding in direct country 
buying. 

Direct market trading for hogs differs from that 
for cattle. Direct sales by hog producers are more 
likely to move to concentrated buying points than 
directly to slaughter plants. Thus, hog buyers use 
deliveries to direct buying points to guide their bid- 
ding in the terminal yard. 

These buying practices may explain differences 
in price variation in markets for cattle and hogs. 
When livestock deliveries are low at the buyer’s 
single most important source of supply, aggressive 
bidding will not bring forth greater supplies at that 
location on a given day. But at diffused or residual 
buying points, slightly more aggressive bidding may 
be effective and probably would cost less on the 
margin. Alternatively, when supplies are ample at 
the main source of supply, weaker bidding at re- 
sidual buying points may occur, securing needed 
supplies at lower prices. 


Since the terminal market is the most important 
single supply point for cattle, cattle price variation 
is greater in direct markets. However, because di- 
rect country buying points are the most important 
single source of supply for hog buyers, hog price 
variation is greater in the terminal market. 

This phenomenon would not be expected in the 
absence of information asymmetry. Sellers possess- 
ing information parity with buyers would, with 
knowledge of supply conditions at major purchase 
points, anticipate the buyers’ pricing moves and sell 
where more aggressive bidding is anticipated. 


[Received July 1980; revision accepted April 1981.} 
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A Disaggregated Analysis of Corn Acreage 


Response in Kentucky 


Michael R. Reed and Steven K. Riggins 


One of the most commonly researched areas in 
agricultural economics is acreage supply analysis. 
The factors which determine the amount of land 
farmers plant to various crops are vitally important 
to farm policy decision makers. The trend in this 
area of research is clearly toward more disaggre- 
gated acreage supply functions. Recent studies by 
Whittaker ard Bancroft, and Morzuch, Weaver, 
and Helmberger are examples of acreage supply 
analyses using data on a state-by-state basis. Mor- 
zuch, Weaver, and Helmberger argue that ‘‘spatial 
heterogeneity and the opportunity for measuring 
variables with greater precision might well make 
disaggregation at least to the state level worth the 
extra costs of data collection and analysis” (p. 37). 

The purpose of this paper is to investigate the 
gain in explenatory power which can accrue to 
acreage supply functions for corn when data is dis- 
aggregated beyond the state level. This disaggrega- 
tion not only allows for greater accuracy in the 
measurement of variables, but also allows the pro- 
duction funct.on to vary by area. A disaggregated 
analysis should be particularly appropriate for 
states with a wide range in productivity o? farm 
land. 

The approach used in this study is to fit an acre- 
age supply fvnction for corn with substate Cata, 
then compare the results with the results of an 
‘acreage supply function using statewide data. 


Model Specification and Data 


The acreage supply for corn specified in this study 
is 


(1) ACau = APCs PSi-1, ACi1, GP) = 
l,..., 14, 


where АС is acres of corn planted in area i in year t 
(in 1,000 acres), РС, is the relative price ої corn 
in area i in year t — 1, PS;.., is the relative price of 
soybeans in area i in year tf — 1, АС, is acres of 
corn planted in area i in vear t — 1 (in 1,000 acres), 
and GP, is a variable to measure government pro- 
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grams in vear г. Relative prices are output prices 
divided by a fertilizer price. Fertilizer prices are 
used as a measure of input prices because they are 
readily available and account for a large proportion 
of production costs. 

We have assumed, using this specification, that 
producers opérate in a perfectly competitive mar- 
ket, making planting decisions in order to maximize 
expected profits. Lagged relative prices are used to 
measure the expected relative price in year r. The 
major crop which competes with corn for acreage in 
Kentucky is soybeans, so the relative price of soy- 
beans in year / — 1 was included in the corn acreage 
function. In addition, it is assumed that producers 
do not react immediately to changes in factors 
which influence acreage decisions due to the cost of 
change and inertia. For this reason, lagged corn 
acreage is also included as an explanatory variable. 

Numerous variable definitions were tried in the 
model structure to capture the effects of govern- 
ment programs for corn. The results of the various 
variable definitions will be discussed in the results 
section. Earlier model specifications had futures 
prices around planting time in place of lagged prices 
to measure the price producers expect for corn and 
soybeans. These futures prices were adjusted using 
the previous year's basis when such data was avail- 
able. The results of these earlier specifications were 
judged inferior to the results reported on the basis 
of t-values and R? values. 

The model was applied to acres devoted to corn 
in Kentucky for the 1960—79 period. The state of 
Kentucky has a wide variety of agricultural set- 
tings. The western section of Kentucky is the cash 
grain area of the state. Farms are similar to Corn 
Belt farms, except on a smaller scale. The middle 
section of Kentucky has been dominated by cow- 
calf operations for many years. However, the pro- 
duction of grains as a cash crop has increased in 
recent years. The eastern section of the state is 
characterized by very limited, subsistence-type 
farming because of topography. 

For the analysis of corn acreage response, Ken- 
tucky was broken down into fourteen areas. These 
are the official extension areas of the state. Areas 1 
through 6 are Western Kentucky, the predomi- 
nantly cash grain area; areas 7 through 10 are Cen- 
tral Kentucky, the areas characterized by cow-calf 
operations; and areas 11 through 14 are Eastern 
Kentucky, where farming is rather limited. 

Individual area prices for corn and soybeans 


Copyright 1981 American Agricultural! Economics Association 


Reed and Riggins 


were available for areas 1 through 6 and area 8; 
prices in other areas were assumed to be the 
statewide average. Area prices for corn and soy- 
beans were the average price received by farmers in 
the farm analysis program of Kentucky and were 
collected from the Kentucky Cooperative Exten- 
sion Service.! Data on the statewide Kentucky 
price of corn and soybeans, acreage, and fertilizer 
costs were gathered from the Kentucky Crop Re- 
porting Service. Fertilizer prices for corn and soy- 
beans were calculated assuming that nitrogen, 
phosphorus, and potash were applied in a 2:1:1 
ratio for corn and a 0:1:1 ratio for soybeans. The 
respective ratios were used as weights to form the 
fertilizer prices. The data on acreage were acres 
harvested rather than acres planted, because a con- 
sistent series on acres planted was unavailable. 
Data on all variables used to measure the govern- 
ment program came from the U.S. Department of 
Agriculture. Crop prices were in dollars per bushel 
and fertilizer prices were in dollars per ton. All data 
were on an annual basis. 


Results 


As stated earlier, numerous variable definitions for 
the government program for corn were attempted. 
The price support, the set-aside payment, and the 
target rate were used to measure the government 
program. However, the minimum diversion re- 
quired to qualify for the price support payment (in 
percentage terms) was found to perform the best for 
areas 1 through 8; and the maximum diversion al- 
lowed under the price support program (in percent- 
age terms) was found to perform the best for areas 9 
through 14. Producers in the less productive areas 
of Kentucky seem'to be more concerned with how 
much acreage they can divert. This is probably 
caused by the fact that there are many more part- 
time farmers in the less productive areas. 
Equation (1) was estimated using the seemingly 
unrelated regressions (SUR) model for each of the 
‘areas. This method was used because it was felt 
that error terms between area equations could be 
correlated because of omitted variables or other 
reasons. The SUR provides estimates of param- 
eters which are asymptotically more efficient than 
ordinary least squares by using the correlation be- 
tween contemporaneous disturbances of the area 
equations. All functional forms were linear. 
Table 1 shows the coefficient estimates, standard 
errors, mean elasticities, and R? values of equation 
(1) for the fourteen areas. The R? values were ob- 
tained using ordinary least squares. The coefficient 


! Area prices were available from 1964-79 only. For earlier 
years these prices were extrapolated by using predicted values 
from a simple linear regression of respective area prices and the 
average price for the entire state. This procedure should be reli- 
able because crop prices were relatively stable during the 1960-64 
period. 
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for the relative price of corn was significantly dif- 
ferent from zero in five of the fourteen equations. 
The elasticity of corn acreage with respect to the 
relative price of corn ranged from .34 to .56 in the 
short run and from .93 to 2.07 in the long run.? 
These elasticity estimates are much larger than 
Whittaker and Bancroft’s elasticity estimazes of .22 
for the entire United States. However, their model 
used the price of corn rather than the relative price 
of corn, which was used in this model. Also, Ken- 
tucky can easily turn some land used for pasture 
into cropland if crop prices are favorable. This is 
not generally true of states such as Iowa and П- 
linois; therefore, one would expect a larger elasticity 
for areas in Kentucky. 

The coefficient for the relative price of soybeans 
was significantly different from zero in five of the 
fourteen area equations. The cross-price elasticity 
ranged from —.54 to —1.00 in the short run and 
from —1.78 to —4.17 in the long run for these five 
areas. 

The coefficient for the variable used to measure 
the government program for corn, the minimum 
diversion required to qualify for the price support 
program in areas 1 through 8 and the maximum 
allowed under the price support program in areas 9 
through 14, was significant at the 596 level for all 
areas. The short-run elasticity for the government 
program varied from —.08 to —.26. The coefficient 
for lagged corn acreage was also significant at the 
596 level for all areas. This coefficient varied from 
.37 to .76, which implies that it takes from 1.6 to 4.2 
years for Ken:ucky farmers to adjust completely to 
changes in the other independent variables. 

Table 2 shows the results of the corn acreage 
supply function when statewide data is used. Ordi- 
nary least squares was used to arrive at these esti- 
mates. The aggregated results for corn acreage are 
rather poor. The own-p-ice coefficient is negative 
and nonsignificant. This contrasts with the consis- 
tently positive sign on the own-price coefficient for 
the area equations. The sign of the coefficient for 
the relative price of soybeans in the corn equation 
has the expected negative sign, but it is not sig- 
nificantly different from zero at the 5% level. The 
cross-price elasticity in the corn equation is also 
fairly low, —.21. The coefficient on lagged corn 
acreage and the government program are both sig- 
nificant and of the expected sign. However, the 
explanatory power of the statewide model, as mea- 
sured by R?, is about as high as the individual area 
models. This suggests that multicollinearity could 
be more of a problem in the statewide model. 

Covariance analysis was used to test whether the 
area corn acreage equations could be aggregated. 
Covariance analysis is used to test whether a model - 
varies between classes (or areas for this study). 
Given a general specification, covariance analysis 


? Long-run elasticities were calculated by dividing each elastic- 
ity by the adjustment coefficient (derived from the lagged acreage 
variable). 
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Table 1. Corn Acreage Supply Functions by Area 
PCi PS; ACi GP} R? 
Area 1 Coefficient 3,613 —2,534** 0.52** —249.9** 71 
Standard error (3,021) (1,065) (0.15) (71.7) 
, mean elasticity .50 — .82 .53 ~.26 
Area 2 Coefficient 2,248 —1,198 0.55** -—152.8* . 57 
standard error (1,992) (934) (0.13) (63.9) 
mean elasticity 22 . —.26 55 —.11 
Area 3 Coefficient 7,570** —1,921 0.73** © ~154,3* .80 
standard error (2,571) (1,176) (0.11) (68.9) 
mean elasticity 56 — 32. 73 —.08 
Area 4 Coefficient —519 —683 0.42** —191.0** .87 
standard error (748) (393) (0.07) (35.2) 
mean elasticity — .06 —.19 42. —.16 
Агеа 5 Coefficient —1,262 703 0.41* ~ 128.3* ‚78 
standard error (1,028) (444) (0.14) (45.6) 
mean elasticity —.20 23 42 —.14 
Area 6 Coefficient 88 —14 0.56** —30.8* .67 
standard error (341) (149) (0.14) (13:0) 
mean elasticity .03 —.01 .56 —.08 
Area 7 Coefficient 377** —256** 0.60** —212 76 
standard error (127) (79) (0.06) (7.2) 
mean elasticity 37 —.57 60 —.14 
Агеа 8 Coefficient 178 -1 0.37** —35.4 79 
standard error (191) (86) (0.08) (9.7) 
mean elasticity 07 —.00 39 — 09 
Area 9 Coefficient 260 —239 0.48** —15.3** 47 
standard error (240) (134) (0.08) (5.0) 
mean elasticity 12 —.26 48 —.10 
Area 10 Coefficient 410 —661 0.61** —39.4** .73 
standard error (610) (326) (0.09) (11.3) 
mean elasticity .09 — .34 61 —.12 
Area 11 Coefficient 368* —261* 0.74** —9,8* .85 
standard error (171) (104) (0.05) (4.0) 
mean elasticity 34 —.54 75 =. 13... 
Area 12 Coefficient 224* —231** 0.76** -9.8** .91 
standard error (97) (59) (0.04) (2.2) 
mean elasticity Al —1.00 37 —.25 { 
Area 13 Coefficient 196 —218 0.52** —18.4** .59 
standard error (245) (152) (0.08) (5.9) 
mean elasticity 99 —.23 54 —.11 
Area 14 Coefficient 359** —241** 0.75** -—-6.8** .96 
standard error (98) (60) (0.03) (2.1) 
mean elasticity 44 —.67 45 —.12 





a Dne asterisk implies significance at the 5% level; two, at the 1% level. 
b For areas 1—8, GP, is the minimum diversion required to qualify for the price support program. For areas 9-14, СР, is the maximum 


di version allowed under the price support program. 


tests whether the intercepts differ by class (area) 
and whether the slopes differ by class (area). This 
analysis was performed on the model specified in 
equation (1) to test whether the slopes and/or inter- 
cepts for the ccrn acreage supply function vary 
between areas. The tests for equality of slopes and 
intercepts were performed by fitting the equations 
to data with the coefficients constrained to be 
equal. The results of the constrained regression 


models are not reported, but are available from the 
authors upon request. 

When acreage equations are constrained such 
that the slope coefficients are equal (intercepts by 
area are allowed to differ), the results are similar to 
the area results. Al] slope coefficients are of the 
expected sign and significant at the 1% level. How- : 
ever, the test of the hypothesis that the area slope 
coefficients are equal is rejected at the 195 level. 
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Table 2. Corn Acreage Response Functions Using Statewide Data 
Dependent , 
Variable PC, 4. PS АС. GPs R 
AC, Coefficient —414 —5,591 .32%% —1,361** 82 
standard error (7,963) (3,482) (14) (284) 
mean elasticity —.01 —.21 31 ~ 15 





^ GP, is the minimum diversion required to qualify for the price support program for corn. 
> One asterisk implies significance at the 5% level; wo, at the 1% level. 


The hypothesis that area intercepts are equal is also 
rejected at the 1% level? 


Summary and Conclusions 


This paper continues the trend toward the use of 
more disaggregated models of acreage supply. The 
results of this study show that breaking down data 
to the substate level can improve significantly corn 
acreage supply analysis. The area equations were 
far superior to the statewide analysis. Most area 
equations had the expected signs for the 
coefficients. This was not true for the statewide 
results. The result that both slopes and intercepts 
vary between areas indicates that some aspects of 
corn acreage supply differ between areas. This dif- 
ference between areas could be due to different 
production functions, adjustment parameters, or 
producer reactions to price changes. 

This improvement using substate data is not only 
obtained: by allowing areas to have different inter- 
cepts and slopes, but also by using the seemingly 
unrelated regression model. If some explanatory 
variable is missing from the specification, the SUR 
technique may account for some variation in the 


? A covariance analysis was also applied to the log-linear mod- 
els for corn. The hypothesis tested, in this case, is that the elas- 
ticities were the same for each area. This hypothesis was rejected 
at the 1% level. 


missing variable; thereby yielding estimates which 
are more asymptotically efficient. 

The results of this study lend support to disaggre- 
gated acreage response models for states with di- 
verse agriculture. However, for most major corn- 
producing states it is possible that such a break- 
down would not improve the analysis as much as 
for Kentucky. Therefore, it is unknown whether 
such a breakdown would be worth the added cost of 
data collection and analysis for other states. 


[Received September 1980; revision accepted 
May 1961.) 
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A Preliminary Evaluation of Price Forecasting 
Performance by Agricultural Economists 


James C. Cornelius, John E. Ikerd, and A. Gene Nelson 


The purpose of this note is to review the results of 
past AAEA-sponsored commodity outlook surveys 
and to evaluate forecasting accuracy and perfor- 
mance. We discuss the methodology for conducting 
such a review and suggest some factors that seem to 
affect the accuracy of responses. How does the 
span of the forecast affect accuracy? Is it easier to 
forecast prices for some commodities than others? 
Are some forecasters more accurate than others? 


Background and Survey Procedure 


The Survey о? Annual Outlook Information is the 
result of an initiative begun by the AAEA Agricul- 
tural Statistics Committee in 1977. A committee 
task force proposed the survey and an outlook 
symposium as part of annual AAEA meetings and 
outlined procedures which have since been fol- 
lowed. 

Survey forms are mailed to selected AAEA 
members in early summer with the request that 
completed forms be returned two to four weeks 
before the annual meeting to insure timely informa- 
tion. Various lists of agricultural economists, in- 
cluding regional extension committees, industry 
outlook groups, USDA outlook staff, and previous 
survey participants, are used. 

No attempt is made to obtain a random sample of 
the AAEA membership nor to obtain a statiszically 
representative sample of AAEA members involved 
in outlook work. So, it is not possible to draw 
conclusions concerning outlook opinions of the 
AAEA in gereral from this survey. The primary 
purpose has been to provide stimulus for discussion 
of agricultural outlook at the annual meeting. 

The survey questionnaire asks for outlook fore- 
casts of production, disappearance, and prices for 
specified agricultural commodities and indices of 
agricultural income, land value, and general price 
levels. Respondents are asked to provide forecasts 
for only those items about which they feel profes- 
sionally competent. The outlook forecasts are made 
for two periods: the current year and the next year. 
For example, in June of 1978, forecasts were made 
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for 1978 and 1979. This format has led to some 
misunderstanding by respondents, especially con- 
cerning wheat, because the designated crop year 
does not correspond to the calender year. 


Survey Response 


There were fifty-three responses to the survey 
questionnaire in 1978, including thirty-six univer- 
sity economists, eleven from industry and business, 
and six from government agencies. Of the fifty- 
three, twenty indicated that forecasting was a 
major responsibility in their position. There were 
seventy-four respondents to the 1979 survey, fifty 
from universities, thirteen from industry and busi- 
ness, and eleven from government agencies. 
Twenty-five of these respondents had major fore- 
casting responsibilities. 

The AAEA outlook surveys in 1978 and 1979 
have been summarized (Ikerd) and briefly reviewed 
(Futrell) as a first step in evaluating the survey 
results. A 1980 survey also was undertaken but the 
results have not yet been evaluated. The following 
section is a more detailed assessment of the 1978 
and 1979 surveys. It is designed to demonstrate 
methodology for evaluating the outlook survey re- 
sults and the survey procedure. 


Procedure for Analysis 


Individual responses were coded to allow for add- 
ing new respondents in succeeding years and addi- 
tional data for past respondents. The consistency of 
response varied among individuals. Most made 
point estimates, but others specified a range. When 
a range was given, the high and low of the range 
were averaged into a point estimate. 


Interpretation of Results 


The distributions illustrated in figure 1 present a 
graphic review of respondents' forecasting perfor- 
mance. Only two representative price forecasts 
from the survey are illustrated here—slaughter cat- 
tle and soybeans. Each forecast is identified by the 
year of the forecast followed by the year for which 
the forecast was made. Thus, 78/79 is a forecast . 
made in 1978 for the year 1979. The selection of 
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Figure 1. Distribution of price forecast error: 


distribution intervals for the price prediction error 
was subjective, based on the observed ranges of the 
errors. 

In addition to the distribution of forecast errors, 
additional evaluation statistics are listed beneath 
each graph. These include: N, number of respon- 
dents; ME, mean forecast error; RMSE, root 
mean-squared error; and M%E, mean percent er- 
ror. Intercommodity comparisons for ‘ive major 
commodities including slaughter cattle and soy- 
beans are shown in table 1. 

Depending upon one's objectives, it might be ap- 
propriate to compute other evaluation statistics if 
the data base is expanded. These might include 
tracking measures such as indices of forscast error 





-50 дӧ 50 
N*37, МЕ• 08; RMSE» .58; МФК «0.01 


-150 150 


over and under actual values, error decomposi- 
tions, and cyclical or dynamic properties of the 
responses (Dhrymes, P. et al., Mincer and Zar- 
nowitz, Granger). 


Preliminary Findings 


A few tentative conclusions can be drawn about the 
three questions. How does the span of the forecast 
affect accuracy? Is it easier to forecast prices for 
some commodities than others? Are some fore- 
casters more accurate than others? 

The difference in accuracy associated with the 
span of the forecast can be evaluated by comparing 











Table 1. Mean Percentage Price Forecast Error and Root Mean-Squared Error, Selected Ag- 
ricultural Commodities, AAEA Outlook Survey; 1978 and 1979 
Period 
1978/78 1978/79 1979/80 

Commodity Forecast Unit M%E RMSE MPE RMSE MÉE RMSE 

(%) (S/unit) (%) ($/unit) (76) (S/unit) 
Choice Slaughter Steers $/cwt 1.1 2.34 13.0 4.14 2.0 3.49 
Choice Feeder Steers? $/cwt : 3.0 5.67 
Barrows & Gilts S/cwt 3.2 2.34 4.7 3.73 0.8 1.68 
Corn $/bu 6.0 .14 12.0 AS 2.0 09 
Soybeans $/bu 0.01 „27 16.0 .40 0.01 .35 





в Feeder cattle were not included in the 1978 outlook survey. 
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the estimates made in 1978 for the 1979 year with 
the estimates made in 1979 for the 1979 year. For 
selected commodity price forecasts (cattle, hogs, 
corn, and soybeans), the 1979 estimates were more 
efficient measured by either the mean percentage 
error or the root mean-squared error (table 1). This 
is to be expected since some monthly price data 
were already reported for the current year at the 
time the forecasts were made. There is more infor- 
mation availeble for short-run, as compared to 
long-run, forecasts. 

A second generalization is that forecast accuracy 
varies among commodities. For example, fer cur- 
rent years, sovbean price forecasts have been much 
more accurate than corn in terms of the mean per- 
centage error (table 1). For the livestock commod- 
ities, it appears that hog prices are easier to forecast 
than cattle prices. However, these data represent a 
very limited sample. The distribution of random 
error among the commodities may be unequal, and 
a longer time series of data would permit more 
accurate intercommodity forecast error compari- 
sons. 

Even with cnly two years’ data, there is the in- 
triguing opportunity to compare the performance of 
individual forecasters who responded to both sur- 
veys. For example, consider the seventeen respon- 
dents who forecast current year slaughter cattle 
price in both 1978 and 1979. Performance statis-ics 
zan be calculated to evaluate their ''track records" 
of accuracy. Nine of the seventeen forecasters had 
relatively good track records. The others exhibited 
a declining degree of accuracy, at least during the 
two years sampled. The potential for using these 
results to improve fcrecasting performance may be 
limited because the present survey format pledges 
anonymity of the respondents. 


Issues for Further Study 


Preliminary comparisons of survey results—amcng 
commodities, emong forecast spans, and among 
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forecasters—point to some challenging issues in 
forecasting accuracy. For example: 

(a) Why can the prices of some commodities be 
forecast with geater accuracy than others? What 
can be done to improve the accuracy of these oth- 
ers? 

(b) For what forecast span (one month, one quar- 
ter, one year, two years, etc.) can forecasts be 
made accurately? Does the length of this span vary 
with the commodity involved? 

(c) Why are some forecasters more accurate than 
others? How can those with poorer performances 
improve their accuracy? f 

The limitations inherent in drawing conclusions 
regarding forecasting performance for a two-year 
data series must be recognized. However, these 
results do suggest hypotheses, and indicate the po- 
tential for continuing to expand this survey. An 
expanded data base will allow more thorough eval- 
uations of price-forecasting performance. 


[Received February 1981; revision accepted May 
1981.] 
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Simplified Measurement of Consumer Welfare Change 


Dennis C. Cory, Russell L. Gum, William E. Martin, and Ray F. Brokken 


Various measures of consumer welfare change have 
been proposed in the literature, each claiming rela- 
tive superiority in accurately reflecting the income 
equivalent of a welfare change. Selectior of an ap- 
propriate measure in empirical research is compli- 
cated by both theoretical and estimation consid- 
erations. Compensating variation (CV) and equiva- 
lent variation (EV) as measures of consumer wel- 
fare change normally are preferred theoretically 
since they indicate whether or not a policy change 
is a potential Pareto improvement. However, use 
of Paasche Variation (PV), Laspeyres Variation 
(LV), or consumers' surplus (CS) measures is de- 
sirable empirically since less information is re- 
quired for calculation. While Hicks long ago (1943) 
suggested that the distinctions among these mea- 
sures would be of little empirical significance in 
applied studies, other recent authors, including 
Mishan, have insisted on the necessity for theoreti- 
cal precision. 

Willig established the usefulness of CS as an ap- 
proximation to CV and EV measures of consumer 
welfare change under specified conditions. How- 
ever, conditions under which PV and LV can be 
useful have not been rigorously developed. In this 
paper, guidelines are developed for using PV and 
LV as empirical approximations for theoretically 
preferable CV and EV measures. These guidelines 
require less information than those developed by 
Willig and PV and LV measures have several addi- 
tional advantages in applied research. 


Alternative Measures of Consumer Welfare Change 


The relationships among the CV, EV, PV, LV, and 
CS measures of consumer welfare change are il- 
lustrated in figure 1 for a single price cecline. 
Compensating variation is the amouat of com- 
pensation, paid or received, that will leave the con- 
sumer in the initial welfare position (U,) following 
the change in price if any quantity of the commodity 
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can be bought at the new price. Consider a con- 
sumer with income Y, initially in equilibrium at 
point A. Income of BB, could be forgone while 
allowing reestablishment of equilibrium at point C 
with no change in utility. In this example, BB, is the 
compensating variation measure of the consumer 
welfare change. This value corresponds to the area 
РЕР, in price-commodity space bounded by the 
original and new price lines and the compensated 
demand curve D,. 

Equivalent variation is the amount of compensa- 
tion, paid or received, that will leave the consumer 
in the subsequent welfare position (U,) in the ab- 
sence of a price change if any quantity of the com- 
modity can be bought at the old price. For the 
consumer initially in equilibrium at A, an income 
increment of AA; would be required to achieve the 
utility level equilibrium at the lower price (point B) 
should the initial price levels prevail (point D). In 
this case, AA, is the equivalent variation measure of 
the change in consumer welfare. This value corre- 
sponds to the area P,GKP, bounded by the price 
lines and the compensated demand curve D,.' 

The consumer's surplus change in this example is 
given by P,IKP,, the area bounded by the price 
lines and the ordinary Marshallian demand curve 
D,. Comparing these measures for the case of a 
single price decline yields the familiar relationship, 
CV « CS « EV. The inequalities reverse for a price 
increase. 

Laspeyres variation is the exact change in in- 
come required to allow the purchase of the original 
quantities of all goods after prices have changed. 
Paasche variation, on the other hand, is the exact 
change in income required to allow the purchase of 
the subsequent set of goods when facing the initial 
price situation. For the case of a single price fall in 
figure 1, LV wculd equal AA, while PV would equal 
ВВ», bounding the CV, CS, and EV measures of 
consumer welfare change. In price-commodity 
space, LV is given by P,IHP;, and PV is given by 
P,JKP,. Comparing all five measures of consumer 
welfare change for a price decline illustrates that 


! Some analysts jeel that a more operational definition for com- 
pensating variation is "the amount of income which must be taken 
away from a consumer (possibly negative) after a price and/or 
income change to restore him to his original welfare level.” This 
definition results in a measure that is positive for a price fall and 
negative for a price rise. If one is interested in performing com- 
pensation tests end adding up gains and losses over various 
groups, it is essential that compensating variation for price rise 
have a different sign from the compensating variation for a price 
fall. An analogous definition is made for equivalent variation. 
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Figure 1. Compensating, equivalent, Paasche, 


and Laspeyres variations for the case of a price 
decline 


LV < CV « CS < EV < PV. That is, АУ and PV 
bound CV, CS, and EV. On the other hand, LV and 
CS bound CV, and PV and CS bound EV. AN in- 
equalities reverse in the case of a price increzse.? 

The desirability of using CV or EV as a measure 
of consumer welfare change is well established in 
the theoretical literature whenever post-policy 
quantity adjustments are possible. Yet, CS, LV, 
and PV can be easily calculated in empirical stud- 
ies. In the following section alternative approxima- 
tions for CV and EV using CS, LV, and PV are 
discussed. 


Approximations for Compensating and Equivalent 
Variation Measures — 


Willig established the validity of the following rules 
of thumb for a single price change; if [nA/2m*| 
= .05, |А/2т°| = .65, and if |A/m| = .9, then 
(1) qll .CV-A „2 mal and 
2m" Д] 2m?’ 

* Paasche and Lasreyres variations were discussed by Hicks :n 
1942. These measures acquired their names by analogy to Paasche 
and Laspeyres indexes, but are, in fact, much simpler computa- 
tians. For a discussion of the development of CV, EV and CS, see 
Currie, Murphy, and Schmitz. 
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where A is consumer's surplus area under the de- 
mand curve and between the two prices, CV is 
compensating variation corresponding to the price 
change, EV is equivalent variation corresponding to 
the price change, m° is consumer's base income, 
and 7 and are, respectively, the largest and small- 
est values of the income elasticity of demand in the 
region under consideration. Notice that while these 
formulas place observable bounds on the percent- 
age errors made by approximating CV or EV with 
the observable CS, consumer income and income 
elasticity data are required to make the rules opera- 
tional. 

Using the bounding properties of PV and LV, 
additional rules of thumb can be derived which (a) 
place observable bounds on the percentage error of 
approximating CV with either CS or LV (b) place 
observable bounds on the percentage error of 
approximating EV with either CS or PV, (c) require 
no information about consumer income or income 
elasticities, and (d) establish conditions under 
which the easily understood PV and LV measures 
of welfare change can be reported to policy makers. 

Assuming that the demand curve is linear over, 
the range under consideration, it follows that 


(2) 





CS-LV 2% 
(3) 168 < à when |40] ч G-A) Qos and 
PV-CS _ <_2A 
(4) —a = à when |AQ| = TN Qo, 


where CS, LV, PV are defined as before, А is a 
specified percentage of error, AQ is change in quan- 
tity demanded resulting from the price change, and 
Q, is original quantity demanded. Refer to figure 1. 
Equation (3) is derived as follows. As the price falls 
from P, to P,, the consumer is assumed to move 
along the linear Marshallian demand curve Dy, in- 
creasing quantity demanded from Q, to Q,. Let a = 


CS — LV B 
PAH. = — m ———, 
AHP, and 8 IHK, then 1С] aS В 
CS — LV ENT B 
Thus, ———— = —_s t 
us [csi À implies that PE = А so that 


В <= [\/(1 — А)]а. This expression can be rewritten 
as YAP - AQ x [A/(1 — X)JAP · О, from which it 
follows that AQ = [2A/(1 — A)]Q,. The derivation is 
similar for (4). 

An example can illustrate the usefulness of (3) 
and (4). If a value of .05 is selected for А, then LV 
and PV will be within 526 of CS whenever the 
change in quantity demanded is less than 1095 of the 
original quantity demanded. Since LV and CS 
bound CV (and PV and CS bound EV) for a single 
price decline, it follows that whenever AQ = 100,, 
CS and LV are within 5% of CV. Moreover, CS and 
PV are within 596 of EV. That is, LV and PV can be 
used unapologetically for CV and EV, respectively, 
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in all cases where quantity demanded changes by 
less than 10% of the original quantity demanded. 

In general, knowing the quantity charge which 
results from a price change, use of (3) and (4) 
allows an easily calculated upper bound on the as- 
sociated percentage error which might result from 
using PV, LV or CS approximations to CV and EV. 
Moreover, this calculation only requires price and 
quantity change information and not income and 
income elasticity information as required by Wil- 
lig’s formulas shown іп (1) and (2). E-nally, for 
policy makers willing to accept a percentage 
estimation error of А, these rules provide criteria 
against which the acceptability of PV and LV ap- 
proximations of CV and EV can be evaluated. PV 
and LV are particularly useful apprcximations 
when the associated estimation error is azceptable, 
since both measures have clear intuitive interpreta- 
tions, overcoming objections of Cochrane and oth- 
ers who argue that CV, EV, and CS measures of 
consumer welfare change are incomprekensible to 
policy makers. 


Implications for Applied Research 


These results suggest a pragmatic approach to 
applied policy analysis. First, the Paasche and Las- 
peyres measures of welfare change should be calcu- 
lated. This quick and inexpensive computation pro- 
vides a range in which the actual value of the con- 
sumer welfare change will lie. Next, assuming a 
direct linear path of price-quantity adjustment, the 
midpoint of this range is the estimate for the change 
in CS. In many policy contexts, this simple two-step 


3 [t is rare that a quantity change of as much as 10% would be 
the expected result of a proposed policy. For example, all lands 
ever developed for irrigation as federal reclamatioa projects are 
only 2.5% of total U.S. cropland (Martin) Pimental and 
Shoemaker estimate that a complete ban on insecticides in the 
production of corn would result in only a 396 reduction in U.S. 
corn yield. 
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procedure will provide adequate information for 
rigorous decision making.* : 
In short, PV and LV measures of consumer wel- 

fare change provide policy analysts with a simple, 
useful, and theoretically coherent evaluation tool. 
Careful utilization of these analytic tools in applied 
benefit-cost studies could be productively em- 
ployed much more frequently. 

[Received June 1980; revision accepted 

Í March 1981.] 
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Optimal Choices among Alternative Technologies 


with Stochastic Yield 


Joseph Yassour, David Zilberman, and Gordon C. Rausser 


Often, farmers have to choose among discrete al- 
zernatives with uncertain outcomes. This occurs, 
Zor example, when farmers consider adoption of 
new technologies, such as new farm machinery or 
irrigation systems. Understanding the process of 
technological adoption requires the explicit recog- 
nition of uncertainty and risk aversion. The purpose 
of this paper is to advance a new approach for 
investigating this prccess. It will be demonstrated 
that this approach is, in many respects, superior to 
current approaches. 


Current Approaches 


Expected utility is the major approach employed in 
enalyzing farmers’ behavior under uncertainty. 
Since its introduction by von Neumann and 
Morgenstern, it has been refined and extended to 
explain the behavior of economic agents. Sandmo 
kas introduced a general model which requires 
reither the specification of the utility function ror 
сле distribution of the random variable. It assumes 
multiplicative risk and is limited to problems w:th 
cnly one random variable. Sandmo’s model has 
teen modified by Feder to analyze the adoption of 
new technologies in less developed countries. 
While these theoretical models are interesting and 
insightful, their empirical weakness lies in their 
theoretical strength. They are too general. Quan- 
titative analysis requires more detailed specifica- 
tions. 

Another method of risk analysis consistent with 
expected utility is stochastic dominance (Ander- 
son). While these rules have the advantage of not 
requiring knowledge of utility functions, their prac- 
tical use is restricted to comparison of discrete al- 
ternatives; and they are often inconclusive. 

When the distribution of the random variable is 
described by only two parameters or the utility 
function is quadratic, Tobin has demonstrated that 
the expected utility can be introduced as a function 
of the mean and the variance. The behavior of 
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farmers under uncertainty is studied frequently 
using the mean-variance (E-V) analysis assuming 
that farmers maximize a linear combination of the 
mean and the variance (Freund, Pope and Just). 
This corresponds to maximization of expected util- 
ity of income when either the utility function is 
quadratic or the random variable is normally dis- 
tributed and the measure of absolute risk aversion 
is constant. These assumptions are quite restric- 
tive. Quadratic utility is unacceptable for theoreti- 
cal reasons because it implies increasing absolute 
risk aversion (Arrow, Pratt). On the other hand, 
many natural phenomena are described by probabil- 
ity distributions that are not normal. For example, 
Day has shown that crop yields can be best rep- 
resented by the Gamma distribution. Moreover, the 
Gamma distribution was found to be accurate in 
representing precipitation and drought occurrence 
(Starr, Rudman, Whipple). Thus, the use of the 
convenient linear E-V framework in these cases 
corresponds to the imposition of a quadratic utility 
function with all of its associated limitations. 


New Approach 


A new framework, which is equally convenient and 
includes as a special case the linear mean-variance 
analysis, will be referred to as the exponential 
utility, moment-generating function approach 
(EUMGF). This approach assumes an exponential 
utility function which implies constant absolute risk 
aversion rather than increasing absolute risk aver- 
sion (Arrow, Pratt). This utility function can be. 
applied conveniently in conjunction with all dis- 
tributions which have moment-generating func- 
tions. Moreoever, under certain criteria, technol- 
ogy choices made by the EUMGF approach are 
applicable for decision makers with decreasing ab- 
solute risk aversion. 


The Model 


Suppose a farmer must decide whether to continue 
employing his existing technology, To, or to adopt a 
new technology, Т,. Each technology is presumed 
to have deterministic variable costs of со and c, and 
stochastic yields, У, and Ү,, respectively. The net 
profit under technology, i, is the random variable, 
Ri, 
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(1) R = PY, — с, 


where і = 0, 1, and P is the fixed output price. 
Given the above specifications, the new technol- 
ogy will be adopted if І 


(2) E; U(R) > E, U(Ro), 


where U is the utility function and E; is the expecta- 
tion operator for the yield distribution of the ith 
technology. The EUMGF approach assumes expo- 
nentia] utility function, i.e., 


3) U(R) = ent 


where r is the measure of absolute risk aversion. 
Substituting equations (3) and (1) into equation (2) 
provides the basis for introducing the moment- 
generating function and, thus, obtains a compact 
analytical solution. That is, 


(4) E, [-e me] > E, [7e7o?-c0] К 


which is equivalent to 


(5) е" Mi(—rP) < eo Mo(—rP), 
where | | 
(6) M(t) = Ее" 


is the moment-generating function of the yield- 
probability distribution. 


The Case of Normal Yield Distributions 


When the distribution of yields under both 
technologies is normal, the EUMGF reduces to the 
linear E-V framework. The moment-generating 
function of the normal distribution is 


t? 

T) 

where и and с are the mean and standard deviation. 
Substituting equation (7) into equation (5), taking 


natural logarithm and simplifying the outcome, we 
have 


(8) 





(7) M(t) = exp (us + о? 


Р[(ш = ш) — (су — co)] 
- |5 P(o? — «| > 0. 


As equation (8) suggests, the new technology will 
be adopted if the increase in the expected profit 
exceeds the increase in the variance times half the 
risk-aversion measure. This condition is obtained 
also when the objective is to maximize the expected 
profit less r/2 times the variance, i.e., E — (r/2) V. 


Since expected profit is measured in monetary: 


terms, the above results indicate that for the 
EUMGF approach, 
(9) СЕ,(Т) = Pj — 7, Po, 


is the certainty equivalent of profit under the ith 
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technology when the yield is normally distributed. 
The risk premium is (r/2)P*o;?, where r/2 is the 
price per dollar of variance (r is also the measure of 
constant absolute risk aversion, i.e., = —U"/U"). 
Condition (8) ensures that the technology with the 
higher certainty equivalent is chosen. 


'The Case of Gamma Yield Distributions 


As indicated above, there is sufficient evidence to 
indicate that yields are better approximated by 
Skewed distributions such as gamma. The density 
function for the gamma distribution is | 


А ла З 

Ү = Your gay, 
AY Ta) е 
where Y > 0,Г (o) is the complete gamma function, 
and сапа А are the parameters of the distribution. 
The moment-generating function of the gamma dis- 
tribution is 


(10) 


1 


(11) M(t) = Tay 

Substituting equation (11) into equation (5) and 
taking the logarithms of both sides yields a condi- 
tion (stated in monetary units) for the adoption of 


the new technology, 


" œ% In (1 + rP/X),— 


r 


Cp. 


The expressions on both sides of equation (12) 
are the certainty equivalents of profits under a 
specific technology. Since the mean of gamma dis- 
tribution іѕ о /А and the variance is a/A?, the cer- 
tainty equivalent of the ith technology for the 
gamma distribution can be derived from equation 
(12), i.e., 


OF оү? 


(13) CE, (T) = (2) In ( à 





rp) - Ci; 


and the condition for adoption of the new tech- 
nologies can be expressed in terms of the respective 
mean and variance of yields, i.e., 


2 2 
(14) (4) In ( 41:98 "s á 
r о} 








Special Cases of Gamma Yield Distributions 


The decision rule for the choice of technology be- 
comes much simpler for two special cases of the 
gamma distribution, namely, the chi-squared and 
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exponential distributions. When the parameters of 
zhe gamma distribution are о = N/2 andà = 1/2, 
the distribution becomes chi-squared with N de- 
grees of freedom. Introducing these results into 
equation (12) and noting that the mean of a chi- 
squared distribution is its degrees of freedom 
М = p), the rule for selecting the modern technol- 
ogy when both technologies have a chi-squared 
vield distribution is 


(с — co) 


I Tn Y AP) 


Ba > 2r 


When the mean of a gamma distribution is equal 
to its standard error, the distribution becomes ex- 
ponential. Introducing 4; = o; into equation (14) 
and rearranging the terms, the rule for the select.on 
of the modern technology when the yields are ex- 
ponentially distributed is 


1 + гр 


> C1 со. 


Comparison of Normal and"Gamma Yield 
Distributions 


To understand how different specifications o? the 
yield distribution affect the choice of technology, 
consider two yields with the same mean and veri- 
ence but with different distribution. Using a Taylor 
expansion of the logarithmic function and assuming 
(o?/ ш)гР < 1, the CE of the gamma distribution in 
equation (13) becomes 


ос 


Pg. 


jui 


(7) CE,(T) = 1(8) 1 (2р) - " 


H 
where j is the index. 

Subtracting equation (9) from equation (17) 
yields the difference between the CEs of the gamma 
and normal distributions: 


(18) CE,(T) — СЕТ) = + (E) 


Assuming that all elements from j = 4 on are ілѕ:р- 
nificant, expression (18) reduces to 


4 p? pd 
(1) СЕ,(Т) – CE4T) = 4 = >0. 


It is clear frora equation (19) that a random yield 
with gamma distribution is preferred to that with 
normal distribution if both have the same mean and 
variance and equal preduction cost. This result clar- 
ifies the limitations of the frequently assumed nor- 
mal distribution for decision-making purposes in 
cases where the actual distribution is skewed. As 
shown in equation (19), this misspecification leads 
to underestimation of the benefit from the random 
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yield and may also result in erroneous decision 
making. In particular, if a linear E-V framework is 
employed assuming incorrectly that yields are nor- 
mally distributed when, in fact, they are gamma 
distributed, the resulting choices are generally too 
conservative. 

The importance of the above result will be illus- 
trated by a simple example and by an empirical 
example. For the simple illustration, suppose the 
existing technology has mean, џи, and standard de- 
viation, g; and a new technology is introduced with 
the same production cost and a random yield which 
is an indefinite number, &, times the existing tech- 
nology yield. Using equations (9) and (13), the CEs 
of the new technology under both the normal and 
gamma distributions are 


Q0) СЕ, (Т) =k (Pu m Le о?) e 


QD CE, (Tm) = i 5) їп ( Е M) — 


These two CEs are depicted as functions of k, the 
technology multiplier, in figure 1. 

The CE for the gamma distribution is always 
higher than that of the normal distribution and in- 
creases at a decreasing rate with k. The CE for the 
normal distribution rises for relatively small k’s, 
peaks at k = p/o*rP, and decreases thereafter. 
Thus, technologies with higher multipliers are al- 
ways preferred under the gamma distribution. 
However, they will not be preferred if the yield 
distribution is assumed to be normal. In figure 1, for 
example, T, is inferior to Ту, for the gamma dis- 
tribution but is superior for the normal distribution. 





CE, (T) 
Certainty equivalents under gamma 
and normal yield distributions 


Figure 1. 
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The importance of using the right specification in- 
creases with the measure of risk aversicn. From 
equations (9) and (13) it can be derived zhat both 
CEs decrease with r, but the CE under the normal- 
ity assumption decreases more rapidly. Thus, the 
difference between the two CEs increases with the 
degree of risk aversion. The above results have 
another implication—assuming a normal distribu- 
tion of yield will result in underestimation of the 
Arrow-Pratt measure of risk aversion if, ir. fact, the 
real distribution is skewed. 

Turning to the empirical example, we employ 
data reported by Roumasset concerning production 
technologies available to operators of the rice land 
in the Philippines. Four technologies are consid- 
ered. One is a traditional technology, denoted by 
To, which is lowest in yield as well as lowest in cost 
and risk. The other three, denoted by 7j, Т,, and 73, 
are modern technologies. They use high-vield vari- 
ety seeds combined with cash inputs (such as fer- 
tilizer) and require more labor. Among them, 7, has 
the lowest costs and yields, while 7; has the highest 
yield and also the highest cost. The means and 
standard deviations of the yield for the four 
technologies, as well as output price and production 
cost per acre, are given in parentheses in table 1. 
The table presents the certainty equivalents of 
profits under the four technologies for a ferm with 1 
hectare of land. These certainty equivalents are 
computed for the two yield distribution specifica- 
tions (1.е., normal and gamma) under different de- 
grees of risk aversion. The measure of absolute risk 
aversion varies from zero (risk neutrality) to .01. 
The optimal choices under both distribution spec- 
ifications for each level of risk aversion асе given in 
separate columns. 

Under both specifications, increases in risk aver- 
sion result in a gradual move to ‘ess risky 
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technologies. This tendencv is much stronger under 
normality. For example, for the gamma Cistribu- 
tions, all the farms with г = .003 will adopt the most 
modern techniques, while only the farms with 
r x .001 will do so under normality. The traditional 
technology will be adopted by all the farms with 
r = .005 under normality but only by the farms with 
r = ,009 under gamma distribution. The effect of an 
increase in risk aversion on the certainty equiva- 
lents is much more drastic under the normal dis- 
tribution, especially for the high-risk technology. 
Note that the certainty equivalent of the mest mod- 
ern technology is negative and rapidly declines for 
r = 007. 


Other Yield Distributions 


The gamma and normal yield distributions are sim- 
ply illustrative of the analysis that can be conducted 
using the methodology developed here. Any con- 
tinuous or discrete yield distribution with a well- 
behaved, moment-generating function can be ana- 
lyzed. Moreover, in many cases, a new technology 
results in stochastic yield which differs from that of 
the existing technology not only in the parameters 
but in the type of the distribution. Consider, for 
example, a case where the yield under the existing 
technology, 7,, has a continuous distribution, say, 
chi-squared with N, degrees of freedom. Under the 
new technology, Ту, suppose the distribution of the 
yield can be best approximated by a Poisson 
distribution with parameter A,. The moment- 
generating function of the Poisson distribution is 
given by 


(22) M(t) = exp [A(e' — 1)]. 








Table 1. The Certainty Equivalent under Alternative Parameters 
Technology 

Risk Aversion Ti Te Тз Т, Optimal 
Coefficient, (32, 5, 106, 16) (70, 25, 350, 16) (80, 30, 410, 15) (90, 35, 490, 16) choice 

r N y N Y N y N Y N y 
.000 406.0 406.0 770.9 770.0 870.0 870.0 950.0 950.0 Ts T; 
‚0001 405.6 405.6 762.) 762.0 858.4 858.6 934.3 934.5 Т» T; 
O01 402.8 402.8 690.0 696.0 743.2 757.8 793.0 812.0 Ts Тз 
.002 399.6 399.7 602.0 629.3 639.6 690.2 636.0 705.0 Т, Ts 
‚003 396.4 396.6 322.0 577.0 524.0 613.0 472. 618.0 Т, T; 
.004 393.2 393.6 450.0 535.8 407.2 554.1 322.0 545.0 Ti Т, 
.005 390.0 390.6 362.0 491.0 294.0 502.0 166.0 484.0 Т, Т, 
.006 386.8 387.7 282.0 455.4 178.0 457.0 9.2 431.0 Т, Т, 
.007 383.6 384.8 202.0 423.0 63.0 418.0 —147.0 384.0 T, Ti 
.008 380.4 381.9 122.0 394.0 —63.0 379.5 —304.0 343.7 T, Ti 
.009 377.2 379.1 420 367.0 —178.3 348.0 —47€.0 303.0 To Т, 
.010 374.0 376.4 —29 8 345.0 —281.0 322.0 —617.0 274.0 To To 





Source: Roumasset. 
а Each technology is defined by 14, от, с, and P. 
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Following the same procedure as above and using 
equations (15) and (22), it is found that the new 
technology is adopted if 


Q3) | о 
pe, (1 — e) “Ho In (1 2rP) > (сі — co), 


where fy = Ns and д, = A, are the expected yields 
for the two distributions. 


Stochastic Dominance, Decreasing Absolute 
Risk Aversion, and the Exponential Utility, 
Moment-Generating Function Approach 


First-order stochastic dominance (FSD) anc sec- 
ond-order stochastic dominance (SSD) are useful 
approaches that can be employed for discrete tech- 
nological choizes. Hammond proved that, if the 
new technology is superior according to the FSD 
criterion, it will be selected by any risk-neutral or 
risk-averse firm. If the new technology is superior 
according to the SSD criterion, it will be selected by 
strictly risk-averse decision makers. Thus, 
whenever the new technology is superior according 
to either the FSD or SSD criterion, it will бе se- 
lected according to the EUMGF which reflects 
strict risk-aversion behavior. The main weakness of 
the stochastic-dominance approach is that it may 
lead to inconclusive results for many choice situa- 
tions. By contrast, the EUMGF approach leads to a 
complete ordering of uncertain profit distributions. 
For example, the FSD and SSD rules are inconclu- 
sive in comparing technologies with normal and 
gamma profit distributions and the same means and 
variances (Hammond). The EUMGF approach will 
select the gamma technology (as equation [19] indi- 
cates). 

One possible criticism of the EUMGF approach 
is that it assumes constant absolute risk aversion 
and, thus, does not admit decreasing absolute 
risk aversion (DARA). Nevertheless, technology 


choices made with the EUMGF approach can be: 


used by decision makers with DARA. In comparing 
modern with old technologies, we expect the mod- 
ern technologies (i.e., high-yield varieties or chem- 
ical fertilizers) to have higher expected profit but 
less concentrated distributions than the traditional 
technologies would have. The probability of earn- 
ing very low or very high profits with the modern 
technology is higher than with the old technology. 
Thus, it is plausible that the cumulative yield dis- 
tribution of profits under the modern technology 
crosses that of the old technology once from above. 
For these properties, Hammond found that, if the 
modern technology is adopted under an exponential 
utility function, it will also be adopted under utility 
functions which exhibit DARA as long as the de- 
gree of risk aversion for the DARA function is 
smaller than the absolute risk aversion (say, r) of 
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the former. Similarly, if the old technology is cho- 
sen under constant absolute risk aversion, it will 
also be adopted under DARA when the measure of 
risk aversion for DARA is always greater than r.. 


Conclusions 


The use of the mean-variance approach to analyze 
farmers’ behavior under uncertainty is often objec- 
tionable on theoretical and empirical grounds. Nev- 
ertheless, it is commonly applied because of its 
computability. Therefore, it is desirable to develop 
alternative methods for risk analysis which are both 
theoretically sound and easily applied. 

One possible direction of research is to assume 
specific utility functions which are preferred to the 
quadratic utility function and to use existing results 
in mathematics and statistics to derive simple ex- 
pressions for the expected utility of income under 
various distributions. Such an approach is intro- 
duced in this paper and is applied to discrete 
choices among alternative technologies with ran- 
dom yields. The utility of income was described by 
the negative exponential utility function. This al- 
lows expected utility to be expressed using the 
moment-generating yield function. The methodol- 
ogy was used to derive specific decision rules for 
cases where yields are gamma distributed. It 
showed that the E-V approach may lead to sig- 
nificantly inferior decisions. In general, the use of 
the decision rule suggested here results in the adop- 
tion of a more risky technology in some cases when 
the mean-variance approach erroneously recom- 
mends against its use. 

The approach here is applicable to more general 
situations. For example, the analysis under uncer- 
tainty when both price and yield are uncertain al- 
lows analysis when total revenue distribution is not 
normal, even though price and yield are hypothe- 
sized to be normal. Also, the approach could easily 
be extended to accommodate linear combinations 
of random variables—e.g., revenue and cost uncer- 
tainty. 

The utility function assumed here implies con- 
stant absolute risk aversion. This assumption is 
more reasonable than is the increasing absolute risk 
aversion implied by quadratic utility (and the E-V 
approach). However, Arrow has argued that most 
individuals have decreasing absolute risk aversion. 
Thus, even though the new method introduced here 
is an improvement over the mean-variance ap- 
proach, economists should continue to seek utility 
functions with both decreasing absolute risk aver- 
sion and simple expressions for expected utility. 


[Received October 1980; revision accepted 
May 1981.] 
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Multiple Optimal Solutions 
Programming Models 


Quirino Paris 


Since 1950, empirical studies using linear programs 
(LP) have all neglected the consequences of one 
important aspect of mathematical programming. 
Simply stated, the polyhedral nature of the solution 
set in LP models may cause multiple optimal solu- 
tions if some plausible conditions are realized. If 
and when empirical problems possess alternate op- 
-imal solutions, why is only one of them usually 
3elected for presentation in final reports which, of- 
zen, also make efficiency judgments and prescribe 
sweeping policy changes? 

When LP is used for analyzing empirical prob- 
lems, an implicit comparison is usually made be- 
iween the activities actually chosen and operated 
by the economic agent under scrutiny and the opti- 
mal activities suggested by the model’s solution. In 
several instances (Wicks), the use of LP for policy 
planning has inspired the use of Theil’s 
U-inequality coefficient to assess formally the dis- 
crepancy between actual and optimal (predicted) 
activities. Desired values of the U coefficient are 
those close to zero, attained when the squared dis- 
tance between actual and LP optimally predicted 
activities is small. Implicitly, however, minimum 
distance criteria have been used by many authors to 
£ssess the plausibility and performance of their LP 
models. In the presence of multiple optimal solu- 
` tions, however, the selection of a specific solution 
for final analysis is crucial and should not be left to 
computer codes as probably has been the case in all 
reported studies. 

Furthermore, the empirical LP problem is made 
even more complex by the existence of quasi- 
cptimal solutions; that is, those solutions which 
change the optimal value of the objective function 
cnly by a fractional percentage. Because the infor- 
mation used to specify empirical problems is sel- 
dom exact, quasi-optimal solutions may legiti- 
mately be considered as suitable candidates for final 
r2porting.! 

Quirino Paris is a professor of agricultural economics at the Uni- 
versity of California-Davis. 

Giannini Foundation Paper No. 623. 

The author is inde»ted to R. A. Collins and W. Candler for their 
helpful comments. 

! In a brief note, McCarl has suggested perturbation procedures 
and an ad hoc series of acticns to avoid multiple optimal solutions. 
If perturbation can be used to eliminate multiple optimal solutioas, 
however, it also can be used to generate them (as in the case of 
almost multiple optimal solutions). Contrary to McCarl’s ap- 
proach, we suggest that the existence of multiple optimal solutions 


renders the problem richer in information and more interesting to 
deal with. 


in Linear 


The conditions under which multiple primal and 
dual optimal solutions can occur in linear pro- 
gramming problems are related to the phenomenon 
of degeneracy, a rather plausible situation in empir- 
ical studies. Degeneracy of the primal solution oc- 
curs when a set of activities employs inputs in 
exactlv that proportion which exhausts completely 
two or more available resources. Analogously, de- 
generacy of the dual solution is encountered when, 
given an optimal plan, the accounting loss for some 
nonbasic activity happens to be the same (zero) as 
that of the activities included in the optimal plan. 
Hence, the likelihood of either primal or dual de- 
generacy increases rapidly with the size of the 
model. Baumol (p. 315) asserts that ‘‘computa- 
tional experience indicates that such cases (primal 
and dual degeneracy) are encountered more fre- 
quently than might be expected in advance.’’ Thus, 
a correct and informative report of empirical results 
generated by LP should include complete informa- 
tion about the problem’s size and an explicit state- 
ment of whether the primal and dual solutions pre- 
sented are indeed unique. 

Unfortunately, a search of the empirical litera- 
ture has revealed that a majority of papers fail to 
disclose even the number of columns and rows in 
the matrix of constraints. No paper mentioned 
whether or not the reported solutions are unique. 


Dealing with Multiple Optimal Solutions 


Given the substantial effort and amount of data 
usually involved in the specification of large LP 
models, multiple optimal and quasi-optimal solu- 
tions should not be regarded as a curse. They are 
merely processed information incorporated in the 
model from the start for thoughtful researchers to 
be aware of. The curious reader, on the other hand, 
should know about them to appreciate fully the 
model’s capabilities. Reporting of all optimal and 
quasi-optimal solutions, therefore, does not seem 
a priori an excessive burden. The informational 
content of such a reporting easily may outweigh the 
initial cost of assembling the model. 

Two seemingly unrelated ideas provide a plausi- 
ble criterion to help the researcher in choosing 
among various optimal solutions. The first is that a 
convex combination of optimal solutions is itself an 
optimal solution. This idea can provide ап un- 
explored flexibility for the application of LP meth- 
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ods to empirical problems. As is well known, the 
number of positive activity levels included in an 
extreme point optimal solution cannot exceed the 
number of constraints. But this restriction is not 
applicable to convex combinations of extreme point 
solutions. Hence, the possibility of more diversified 
optimal solutions should not be ignored. 

The second idea is that researchers have often 
judged their LP models by comparing their perfor- 
mances (in terms of an optimal solution) with actual 
behavior of the economic agent under study. In the 
presence of dual degeneracy, this criterion implies 
choosing the convex combination of optimal solu- 
tions in closest proximity to actual activities. 

'To combine these two ideas, a familiar minimum 
distance criterion based on minimizing a quadratic 
loss function, can be used. 

Consider the LP problem of choosing a vector x 
to 


(1) 


where A is an mxn matrix of known coefficients and 
the other elements of the problem are conformable 
to it. 

Suppose problem (1) represents a regional pro- 
duction location problem and possesses k alternate 
primal optimal solutions, k«n. Let P be the matrix 
whose column vectors are such k-extreme point 
optimal solutions. Let x, be a vector of activity 
levels actually operated in the region. Then, the 
problem of choosing a vector w to 


maximize c'x subject to Ax = b, x = 0, 


(2) minimize (x, — Pw)' (x, — Pw) subject to 

` $'уу = 1, чу > 0, 
defines a procedure to estimate the weights, w, for 
the convex combination, Pw, of the k-extreme point 
optimal solutions. The components of the vector s 
are all unitary. The optimality criterion is the least- 
squares problem of choosing that optimal LP solu- 
tion, PW, which is closest to the activity levels 
actually operated in the region. 

The formulation of problem (2) is appealing for 
several reasons. First, the objective function can be 
viewed as a measure of the loss incurred by the 
region for not producing according to optimal activ- 
ity levels that require minimum deviations from 
present practices. Second, the matrix P is of full 
column rank since the optimal solutions that define 
it are associated with extreme points and are, there- 
fore, independent of each other. Hence, the solu- 
tion vector of weights, W, is unique and, in turn, the 
projection Pw constitutes an optimal LP solution 
which itself is unique in the sense defined by prob- 
lem (2). The components of the w vector are scalars 
without unit of measurement because they repre- 
sent weights of a convex combination. Therefore, 
changes in the measurement units of the LP ac- 
tivities considered in the model do not affect the 
estimates of w. In fact, the components of every 
column in the P matrix represent the same activities 
as in the x, vector. If measurement units are 
changed for some activity in the model, they are 


Multiple Solutions in Linear Programming 725 


changed in both the P matrix and the vector x,, 
offsetting each other. Third, if the vector x, is a 
random sample of activity levels—as is usually the 
case with econometric studies—it is possible to 
apply the standard statistical procedures to verify 
hypotheses of how closely the LP model explains 
the behavior of economic agents.? Therefore, when 
there are multiple optimal solutions, finding a plaus- 
ible optimal solution of LP problems generally in- 
volves a two-stage optimization process. In the first 
stage, all extreme point optimal solutions are gen- 
erated. In the second stage, optimal weights are 
computed to collapse them into an optimal (least 
distance) convex combination. 

The two-stage optimization procedure outlined 
above is a novel blend of mathematical program- 
ming and inferential, statistical technique. In mathe- 
matical programming, the researcher assumes 
knowledge of the problem's structure and asks: 
What is the optimal response associated with it? In 
Statistical inference, one starts with ‘‘real world” 
observations and asks: What is the most likely 
Structure which generated such observations? 

This sharp dichotomy is useful only as a 
classification scheme. In reality, each approach 
shares some distinctive features of the other. Thus, 
on one hand, linear programming models are spec- 
ified using real world observations in their con- 
straints, input-output coefficients, and revenue vec- 
tor. Econometric models, on the other hand, as- 
sume some elements of the structure of the problem 
that will constitute the maintained hypothesis. The 
additional link between mathematical programming 
and econometrics is represented by the vector of 
realized activity levels, x,, which allows a test of 
the null hypothesis whether or not the linear pro- 
gramming structure is suitable for the problem 
under investigation. 

Approaching the problem of multiple solutions by 
computing an optimal convex combination, indi- 
cated in problem (2), has the advantage of making 
the most use of all the information contained in the 
original LP specification. This does not imply that 
the best-fit solution is preferred to others. But, if a 
planned optimal solution is implemented by an eco- 
nomic agent, the solution which requires minimal 
adjustments from present practices ought to be 
carefully considered. 


Validation of LP Models 


A survey of the empirical literature reveals that 
validating LP models vis-à-vis the economic reality 
they intended to reflect was not often an explicit and 
formal objective. This is in sharp contrast with 
econometric and simulation studies in which the 


? In econometric studies, the observations of realized activity 
levels, x,, are assumed to constitute a random sample suitable for 
hypothesis testing. The character of the x, vector does not change 
when used in the context presented here. 
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validation process is widely recognized as an essan- 
tial part of the analvsis. 

The multiple optimal solution problem clearly 
shows the necessity of including formal model vali- 
dation within the LP analysis. To develop a more 
complete and satisfactory procedure, it seems logi- 
cal to parallel the inferential methodology of 
econometrics. Despite their apparent differences, 
there is a strong analogy between the logical struc- 
ture of econometric and mathematical programming 
studies. 

In econometric studies, the structural mode. is 
always the result of zn implicit optimization process 
assumed to underlie the behavior of economic 
agents. That is, economic agents are assumed to 
maximize utility, profit, or expected utilitv. In 
linear programming, such an optimization process 
is always explicit and corresponds to the LP model 
:tself. The LP constraints can be regarded as struc- 
tural form relations. 

In econometrics, the inferential process and vali- 
dation methodology rely upon two fundamental 
steps: identification and hypothesis testing. Linear 
»rogramming analysis, especially when multiple op- 
timal solutions occur, faces the same twofold pro- 
cess. To be sure, the large size of most empirical 
models tends to reduce the importance of the idan- 
tification problem. Formally, such a problem can be 
stated as follows: given the LP structural form rela- 
tions Ax = b, is it possible to find a matrix T such 
that the system TAx = Tod is equivalent (possesses 
zhe same optimal solutions) to Ax = b? If the.T 
matrix exists and is not an identity matrix, the LP 
structural forms are not identified. 

The reduced-form relations of an LP model are 
given by the quadratic loss criterion (2). In this 
zase, x, = Pw + u, 1.— s'w, w= 0, constitutes the 
LP reduced forms. Hypothesis testing, associated 
with these reduced forms, can be interpreted as a 
validation procedure of the LP specification. If the 
—P model is identified and the difference between 
zhe sample observations x, and the projection Pw is 
not statistically significant, one can conclude that 
zhe LP specification "explains" the behavior of the 
economic agents whose decisions are revealed by 
“he vector x,. In other words, the LP model is 
validated. If the difference (x, — Pw) is statistically 
significant, the LP model probably is not appropri- 
ate; and an alternative formulation should be 
sought. This is no different from the conclusion to 
5e derived from econometric studies. 

As with econometrics, a high level of “goodness 
of fit" cannot be taken as an exclusive index of 
model validity. On the other hand, the structure of 
iP studies is usually given a more explicit and 
perhaps) thorough consideration than with 
econometric models. Thus, a high level of ‘‘goad- 
ness of fit" and a thoughtful specification of the LP 
structure and its identification may provide con- 
vincing support for not rejecting the model. Con- 
versely, a low level of "goodness of fit" could 
induce the researcher to search for a better spec- 
:fication of the structural LP relations. 
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Multiple Optimal Solutions and Economic 
Equilibrium 


The existence of multiple optimal solutions may 
serve, in principle and by itself, as a validation of 
economic models analyzed by linear programming. 
Consider, for example, profit-maximizing entre- 
preneurs who are assumed to operate in a perfectly 
competitive environment using homothetic tech- 
nologies. If these assumptions hold, it is well 
known that first-order conditions imply that inputs 
are used in constant proportions to each other. The 
expansion path is a ray. In empirical data, these 
necessary conditions (expressed as exact or quasi- 
linear dependence) generate multicollinearity, usu- 
ally disliked by the econometrician. Doll, however, 
in a perceptive reexamination of the problem, 
pointed out that ‘‘users of the(se) . . . model(s) who 
are dismayed to find multicollinearity among the 
‘independent’ variables should be pleased because 
the presence of multicollinearity serves as a veri- 
fication of their economic model" (p. 558). 

This observation has its counterpart in linear 
programming models. If the firms analyzed by 
linear programming are assumed to operate under 
perfectly competitive conditions, and if the LP 
model is really capable of reflecting such an envi- 
ronment, one would expect many nondominated 
activities to be equally profitable, whether or not 
they are included in the optimal basis. This is be- 
cause zero profitability is a long-run necessary con- 
dition for competitive markets. In general, com- 
modities are available in these markets in larger 
number than the LP constraints of a single firm. 

Let us reformulate this idea as follows: In a com- 
petitive situation, where there are many firms using 
essentially the same technology, one observes that 
similar firms produce different product mixes. In 
the absence of uncertainty, all activities are equally 
profitable and, therefore, it just happens that one 
firm chooses a particular combination of activities 
while others select a different mix. In LP terminol- 
ogy, this situation is characterized by zero relative 
loss not only for the optimal basic activities but also 
for those not in the basis. It causes the multiple 
optimal solution phenomenon. Hence, an extensive 
dual degeneracy may be interpreted as a validation 
of an LP economic model, where perfect competi- 
tion and certainty prevail. Of course, it is unlikely 
that any large-scale LP model will exhibit zero 
profitability for all nonbasic activities. For this rea- 
son, validation of the model must take the form of a 
probabilistic statement. 


Conclusions 


This paper has accomplished several tasks. It has 
drawn attention to a neglected but important prob- 
lem in empirical studies using an LP framework. It 
has outlined a more complete way of reporting LP 
results which includes not only the exact problem 
size but also an explicit statement about the 
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uniqueness (or multiplicity) of primal and dual solu- 
tions. It has suggested a plausible criterion for deal- 
ing. with.the choice created by the existence of 
multiple optimal and quasi-optimal solutions. It has 
argued for more formal validation procedures of LP 
models and for the reporting of a best-fit solution 
along with the other optimal solutions from which it 
is derived. In summary, it has suggested that the 
analysis of empirical problems using linear pro- 
gramming should not be conducted in the simplistic 
and mechanical way of the past thirty years. This is 
especially true when the goal of the study is either 
an efficiency judgement or the recommendation of a 
new policy: 

[Received September 1980; revision accepted May 

1981.] 
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Minimizing Mean Absolute 
Expected Utility Problems 


Donald Johnson and Michael Boehlje 


Quadratic programming (QP) procedures have been 
used widely in expected utility analyses. Yet, in a 
recent research project, we encountered numerous 
problems obtaining QP solutions.! Approxima-ing 
techniques, such as MOTAD (minimization of total 
absolute deviations), MRC (marginal risk con- 

` strained programming), and separable linear pro- 
gramming (Hazell, Chen, Thomas et al.), were de- 
veloped to overcome similar problems. Their merits 
have been determined primarily by comparing solu- 
tion variances to QP solution variances, with all 
comparisons made at equal means. Most analvsts 
feel that-QP is preferable for small models; ap- 
proximating techniques are only appropriate in 
large models when QP is impractical. 


Proposition 


In our work, we assumed that mean-variance anal- 
ysis (or QP) is a means of solving an expected 
utility problem. We argue elsewhere that for cer-ain 
symmetrically distributed variables, the QP solu- 
tion includes those activities with maximum ex- 
pected utility for that mean value (Johnson and 
Boehlje). In other words, the set of activities with 
the lowest variance (for a given mean) also has the 
highest expected utility. Likewise, the validity of 
using alternate techniques should be based on how 
well they approximate expected utility solutions, 
not QP solution variances. To that end, we propose 
the following: if (a) two variates Y, and Y, are 
symmetrically distributed with the same means, 
and (b) density functions f(y) and (у) are such 
that (у) 2 f(y) everywhere in the region u — d < y 
< p + d (with strict inequality for at least one 
interval in the region) and elsewhere f,(y) = AO), 
then fi(y) will have the smaller variance and also 
the smaller MAD (mean absolute deviations). 
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! We used a RAND code which must solve in computer mem- 
ory. Large models were costly to solve and, in one case, exzeeded 
internal storage capacity. Also we were not able consistently to 
obtain feasible solutions until we changed default parameter spec- 
ifications and tolerances. The default parameter values we used 
are available upon request. 

? This requires that density functions meet the conditions out- 
lined in the proposition and that utility functions have derivatives 
which alternate in sign, beginning with a positive first derivative. 


Deviations to Exactly Solve 


Figure 1 shows two density functions which sat- 
isfy the above conditions. Specific functions which 
will satisfy these conditions include the normal, 
double exponential, and triangular. 


Proof 


The function f(y) has less weight in its tails than 
does /5(у); so variate Y, has a smaller variance than 
does Y; (Rothschild and Stiglitz). Since both vari- 
ables are symmetric, the following inequality ex- 
presses the relationship between variances: 


а) 2[ o — вело) dy < 2 — uy 40) dy, or 


JH 


ptd = 
| (у = a? fi) dy +f (y — u} fily) dy 
H +4 


+d © 
< | (у = BY fi) dy + | (v — u)? fi) dy, 
u и+а 
and finally, 


[o - uy AO) - ДО) dy 


«| 
Ub ad 
Next, two nonnegative functions can be defined 


&(y) = Л(у) - fA), a< y< u+ d; and 
hy) =fhO) - ЛУ), w+ d<y<o. 


Since symmetric variables have one half their prob- 
ability in their right tail, the amount by which the 
probability mass of fi(y) exceeds (у) in the region 
A € y € yt dis exactly offset by the amount by 
which f(y) exceeds fi(y) in the region и + d < 
у < ^, or 


(2) 


(у = uy Uso») - fAo))ay. 


NE dy =|" по) dy. 


The above regions can each be subdivided into п 
smaller regions (indexed by i) such that 


Q) [ge dy - по) dy 


fori=1,..., п. 
For each of the regions of equal area, it is also 
true that 


(у — p hio) dy, 
i 


(4) [o нао) dy < | 
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Figure. 1. Density functions satisfying the 


proposition 


since the (y — ш ) values in the Л; regions are always 
greater than the (y — д) values in the corresponding 
g; regions. For the same reasons, it is also true that 


(5) | ly — да (у) dy < | ly = | hity) dy 
9; hi 
for all i. Then it can be shown that 


(6) 2 ly — ДЛО) dy < 1 ly — ul Aly) ау, 


or that variate Y, has smaller MAD than does vari- 
ate Y,. 


Implications 


If working with certain symmetric variables, e.g., a 
normal variate, then either minimizing MAD (using 
MOTAD) or minimizing variance (using ОР) would 
lead to selection of the same random variate.? True, 
there is error in estimating variance through MAD, 
but one is really concerned with relative rankings 
among a set of variables. Theoretically, MOTAD 
would do this ranking as accurately as would qua- 
dratic programming. 

In practice, QP and MOTAD solutions may not 
be identical. If true distributions are unknown, his- 
torical data are generally used to estimate param- 


3 This would be true if the utility function were quadratic, nega- 
tive exponential, or logarithmic. 


Solving Expected Utility Problems 729 


eters. In a QP model, sample estimates of the vari- 
ance are used to find the lowest variance solution 
for each mean. Error can result, since the solution 
with lowest population variance may not be se- 
lected by the program. Likewise, in MOTAD, his- 
torical observations are used to calculate sample 
mean absolute deviations. Error again can result 
because sample estimates will not be the same as 
the population parameter. 

Minimizing mean absolute deviations (or 
MOTAD) is theoretically as valid as quadratic pro- 
gramming in solving expected utility problems 
under the previously outlined assumptions. Theo- 
retically, both techniques would give the same re- 
sult; however, inaccuracies arising from using sam- 
ple values may lead to different empirical results. 
The conditions outlined in this paper include nor- 
mal distributions and quadratic utility functions as 
special cases—both frequent assumptions in ag- 
ricultural risk studies. 


[Received June 1980; revision accepted 
April 1981.] 
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Capital Gains versus Current Income in the 


Farming Sector: Comment 


John P. Doll and Richard Widdows 


In the December 1979 issue of this Journal, 
Melichar compares estimates of capital gains in ag- 
riculture to the returrs earned by productive assets 
in agriculture. As a result of his analysis, which was 
based on data from the balance sheet calculations of 
Evans, Melichar concludes: ‘‘It thus appears that 
both recent real capital gains and those of 1954-67 
are, in a sense, fully explained by the growth exhib- 
ited by the current return to assets" (p. 1090). 
These findings have special significance at a іте 
when the ‘conventional wisdom'' of the profession 
seems to be suggesting that recent land value in- 
creases are based on speculative forces rather than 
asset earnings. Melichar shows that when asset 
earnings are expected to grow then, ''a significant 
portion of the tctal return to farm real estate neces- 
sarily takes the form of real capital gains” (p. 1091). 


Melichar's analysis is based upon an asset valua-. 


tion model that has as a key assumption the con- 
szant growth rate of earnings. The purpose of this 
comment is to extend the description of the model 
used by Melichar and thereby suggest some further 
tests of its applicability to agriculture. 


The Valuation Model 


Using the formulation presented by Harris in the 
same issue of the Journal, the present value of an 
asset that is to be held л periods is given by 


_ (+g) (1 + g)? 
(1) У, = a + d) Ro + a + dy: Ry + 
(1 + е)" 
(Iv dp Re 


where V, is the present value, Ry is the amount the 
asset earns at time zero, g is the expected growth 
rate in earnings over time, and d is the discount rate 
applied to future earnings. If the asset is to be held 
п 1 periods, then the present value can be written 
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5; (1 +g) (1 + g? 
Vua “ad yo ^ * ü + ae Ry + 
. (1 + gy": 
T+ ayer /% 
V. = (1 + g) (1 + г) 
ntl (1 + d) 0 ü F5 d) 
(1 + g) (1 + g)" 
(I * d) Riot... + En R, | 
Q) у= i gaty 


In equilibrium, by definition V,,; = V, = Ve 
Substituting V, into (2) gives Melichar's first equa- 
tion (p. 1088): 


G) (1 +g) (1 + ж) 


Ve = R+ MOS ү. 
ажа) ok (1 + d) Ve; 

and solving for V, gives Melichar’s second equation, 

(4) yos U8) R, 


The equilibrium value, У,, is in fact the sum of 
the infinite series obtained by assuming that the 
asset produces into perpetuity. This can be ra- 
tionalized from (1) as follows: At the end of n 
periods, the asset may be sold and the sale value 
discounted back to the present. But the sale value is 
determined by the earnings from time n4- 1 into the 
future. Each time the asset is sold, earnings are 
again extended into the future, and hence, without 
limit. As long as d > g > 0, the infinite series has 
the limit Ve. This limit can be derived directly (Van 
Horne, p. 22, and Reilly, p. 301). ` 


Interpretation of Equilibrium 


When interpreting the equilibrium, Melichar states: 
“Еог this asset, real capital gains arise in two ways. 
First, changes in the value of R, g, or d result in a 
new equilibrium value V, and the amount of change 
in V is a real capital gain. Second, if the growth rate 
g is greater than zero, the equilibrium value V rises 
each year even though the values of g and d are 
unchanged; that is, annual capital gains are an in- 
herent feature of the equilibrium condition" (p. 
1088). 
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Equation (4) presents the equilibrium value of the 
asset, which is the sum of a convergent infinite 
series. This value is unique, given values for d, g, 
and Ry, where d > g > 0. V, will increase as g and 
К, increase and decrease as d increases, эш V, will 
not change unless one or more of these -hree vari- 
ables change. Viewed another way, if the realiza- 
tion of R, or expectation of d or g change at a given 
point in time, then V, will change at that point in 
time. This would be comparative statics in the usual 
sense. Thus, Melichar's first conclusion above fol- 
lows directly from equation (4). 

Next, assuming that the expected growth rate g is 
realized each year, asset earnings would be R, = 
(1 + g) Re at the beginning of the second period, 
R, = (1 + gf Ry at the beginning of the third period, 
and, in general, R, = (1  gY А, аё the beginning of 
the tth period. Extending this reasoning. the equi- 
librium value of the asset through time would be 


(5) 1l+e 


Vet = Pag mute, 





where V,, is the value of the asset at the beginning 
‚ ОЁ year г, and the first value of ¢ is zero. This 
formulation follows directly from the discussion fol- 
lowing equation (4), where expectations are con- 
tinually realized. 

The panels in Melichar’s table 2 (p. 1090) can be 
derived directly from equation (5). The values in 
panel A, equilibrium asset value per dollar of cur- 
rent return, are given by the ratio [V4/R, = (1 + 
g)/(d — g)]. This is a concept using earnings that 
is similar to the ‘‘dividend’’ multiplier defined by 
Reilly (p. 265) as [V4/Rj; = 1/4 — g], which com- 
pares earnings at the end of the period to asset 
value at the beginning of the period. 

Panel B, annual capital gain as a percentage of 
asset value, is given by 


Vows р Vet 
Va 


Panel C, annual current return as a percentage of 
asset value, is given by [Rui/Va = (d — g)], when 
annual current return is assumed to measure earn- 
ings at the end of the period. It is the invezse of the 
earnings multiplier and, as Melichar suggests, is 
important because it determines how the total re- 
turn is divided between a capital gain and a current 
return. 

Finally, Panel D, annual capital gains as a per- 
centage of annual current return, is given by 


Veero — Vet кыз e. o. 
Risi d—g 
The results for Panels B, C and D must be con- 
verted to percentages. 

To review the assumptions, equation (1) re- 
quires, in addition to the usual assumpzions for 
discounting future returns, the assumption of a con- 
stant growth in earnings for a period of length n. 
The sale value of the asset in period n could be 
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added to the equation and discounted back to the 
present. No stipulation need be made concerning 
the relative magnitudes of d and g. To obtain equa- 
tion (4), the additional assumptions required are 
that the growth rate g is perpetual and that d, which 
is defined as the discount rate or the required rate of 
return, must exceed g. If estimates of d are based 
on opportunitv cost, such as a market rate of inter- 
est, then determination of V, using (4) requires that 
these external rates of interest exceed the rate of 
growth of earnings within the firm into perpetuity. 
Investors might use equation (4) to revalue assets 
annually, revising their estimates of d, g, and Rọ as 
appropriate. But, equation (5) will result when 
these expectations are perpetually stable. 


Evaluating the Model 


Equation (4) would appear to be difficult to test 
using time-series data. If investors change their ex- 
pectations of d, g, and R, on an annual basis, then 
the equilibrium value of the asset will change ac- 
cordingly. Increases in land values, such as those 
experienced recently, could result from expecta- 
tions of increased earnings, increased growth in 
earnings, or both. 

Testing equation (5) should be easier. If expecta- 
tions of all quantities are stable, then examination 
of equation (5) suggests that asset values should 
grow at the same rate as asset earnings. 

As a first step, we computed the growth rates for 
asset earnings and asset values for the time periods 
selected by Melichar in table 1 (p. 1089). (The data 
were obtained from the more detailed paper pre- 
sented by Melichar at the summer meetings.) Fol- 
lowing his suggestion, growth rates for returns were 
computed from the value in the year preceding the 
period (except for 1954-60) to the value in the last 
year of the period, while growth rates for assets 
were computed between the first year in the period 
and the 1 January value of the first year following 
the period. The growth rates obtained were as fol- 
lows: 


Earnings Asset Values 

de ups Сараа 
1954-60 3.4 5.0 
1961-67 8.0 5.2 
1968-71 6.7 5.3 
1972—78 13.4 13.2 


From a value standpoint, real estate is the major 
component of asset values—approximately 90% in 
1978. Thus, growth rates in real estate values differ 
only slightly from the growth rates in asset values. 

Returns in agriculture are quite variable, while 
asset values (with isolated exceptions) have in- 
creased steadily over the past thirty years. Thus, 
the growth rates for earnings presented above may 
depend unduly upon the endpoints of the periods 
selected. To avoid this, we estimated growth rates 
using least squares regression. Lacking better crite- 
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ria and to avoid excessively small samples, we es- 
timated growth rates for each decade and the entire 
period. The resulting growth rates were the follow- 
ing: 


Earnings Asset Values 

di edet (y eese 
1950-59 -5.3 3.7 
1960-69 7.3 4.8 
1970-79 8.7 11.5 
1950-79 6.9 6.1 


Thus, while growth rates differed markedly 
within decades, growth rates for earnings and as- 
sets were remarkably similar for the thirty-year pe- 
riod. 

The estimates presented suggest that asset earn- 
ings and asset values in agriculture are not perp2tu- 
ally growing zt the same rate. If they were, their 
growth rates would be invariant to the time peod 
selected. Moreover, the regression results suggest 
that asset earnings grew about three percentage 
points faster than asset values in the sixties, but the 
growth rates were reversed in the seventies. The 
more rapid growth of earnings in the sixties might 
be attributed in part to a recovery from the de- 
pressed earnings of the fifties. But, because the 
time periods were selected arbitrarily, we would 
hesitate to draw strong conclusions, even thcugh 
the least-squares estimates are less susceptible to 
the selection of endpoints. 

The key to all of this would appear to be the 
manner in which investors form expectations. It 
seems to us tnat Melichar is correct in concluding 
that growth in earnings is having an important ‘and 
hitherto overlooked) effect on asset values. But, we 
also believe equation (5) may provide too restric- 
tive a view of what actually is happening. Investors 
may be reformulating growth rates, as well as the 
value of initial earnings, on an annual basis in such 
a way to cause the more rapid growth rate in asset 
values evidenced in the seventies. Some of the 
models that have been developed recently, for ex- 
ample by Lee and Rask, Harris and Nehring, or 
Plaxico and Kletke, which consider many factors, 
such as capital gains taxation rates, might be used 
to shed light on why asset values grew faster than 
asset earnings in the seventies. 


As an alternative, we examined Melichar’s re- 
sults using the more traditional analyses presented 
in finance textbooks. Such analyses are commonly 
based on the assumption that investors value assets 
using equation (4) and reevaluate expectations an- 
nually. 

The attached table 1 was developed from 
Melichar’s deta. The value of production assets on 
1 January, used as estimates of V., were divided by 
the annual earnings of production assets, represent- 
ing R,. Assuming that investors do use the earnings 
growth model to place values on assets, then the 
numbers in the table represent estimates о? the 
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Table 1. Value of Farm Production Assets 
per Dollar of Earnings 

Year Assets/$ Year  Assets/$ Year Assets/$ 
1950 16.1 1960 33.2 1970 24.4 
1951 16.1 1961 27.8 1971 24.4 
1952 20.6 1962 25.9 1972 17.8 
1953 30.1 1963 27.0 1973 9.9 
1954 29.3 1964 30.9 1974 16.0 
1955 37.1 1965 21.2 1975 18.7 
1956 36.1 1966 20.3 1976 28.6 
1957 33.5 1967 26.3 1977 31.1 
1958 22.7 1968 27.8 1978 22.7 
1959 44.6 1969 23.8 1979 22.1 





Source: Melichar. 


coefficient (1/4 — g), the earnings multiplier re- 
ferred to above. 

In 1979, each $22.1 of agricultural assets earned 
$1 of income. This ratio was lower than 22 only nine: 
times in the previous twenty-nine years. In fact, the 
asset/earnings ratio was much higher in the late 
fifties when it moved above 30 four times and 
achieved an all-time high (in the sample period) of 
44.6 in 1959. From this, we would have to conclude 
that if assets were overvalued in 1978 and 1979, 
then they also have been overvalued most years 
since 1950. ; 

Another application uses the equilibrium value 
equation to determine what Van Horne, on page 22, 
calls the ‘‘expected”’ return. From equation (4), the 
expected return is 


К; 
V, 





d- +g, 


which is the economists’ discount rate or required 
rate of return. Again, assuming equilibrium, earn- 
ings as a percentage of production assets can be 
used to estimate the ratio R,/V,. These returns are 
the inverse of the numbers in our table, expressed 
as percentages. The growth rate in earnings esti- 
mated by regression for 1970-78 was 8.7%. This is, 
of course, dependent upon the period selected, and 
may not represent a time period used by investors. 
As an alternative, we computed the growth rate 
between the average earnings for the decades of the 
sixties and the seventies. Assuming that the aver- 
ages are also separated by ten years, they grew at 
about 10%. Using these as high and low estimates, 
the “expected” return for agriculture was between 
13.2% and 14.5% for 1979. Further, it could have 
been as high as 20% in 1973 and as low as 11.9% in 
1977. 

Thus, another way to interpret the applica- 
tion of the earnings growth model would be to say 
that if, in 1979, an earnings growth rate of 1096 and 
a discount rate of 1595 prevailed, then production 
assets were not overvalued relative to earnings. Of 
course, d and g are not unique; the pairs d = 0.10 
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and г = 0.05 ога = 0.05 and g = 0.0043 also would 
result in a valuation of twenty-two times earnings. 
Thus, the lower the farmer’s discount rate, the 
lower must be the growth in earnings to justify a 
Biven value level, and vice versa. 

Finally, rather than using equations (3), (4), or 
(5), equation (1) might be used directly to evaluate 
the applicability of the earnings growth model to 
agricultural data. Equation (1) does not require the 
assumption of an infinite time horizon, a perpetual 
growth rate, or even the assumption that d exceeds 
£. Reilly suggests (p. 373) that g will exceed d in 
growth firms, but only for short periods. because no 
firm can outgrow the market perpetually. Van 
Horne (p. 23) provides a variation of equation (1) 
that permits the use of different growth rates during 
transitional periods. Thus, while the equations (3), 
(4), and (5) provide convenient mathematical sum- 
mations of the valuation problem, equation (1), 
which would require computer solutions, appears 
to offer a potential for solutions richer in interpreta- 
tion. The results, of course, would depend on how 
well researchers could approximate the manner in 
which investors form expectations of the param- 
eters of the model. 


[Received June 1980; revision accepted 
April 1981.] 
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Capital Gains versus Current Income in the 


Farming Sector: Reply 


Emanuel Melichar 


Doll and Widdows (D-W) describe the model that 
characterizes the relationship between asset earn- 
ings and market value and show how the rates of 
return from earnings and capital gains are linked to 
eernings growth rate, relationships illustrated. in 
table 2 of my original article. Readers studying may 
draw upon our combined text, algebra, and tables. 

This asset valuation model is no stranger to many 
agricultural economists. I originally came to it by 
simplifying land valuation models presented by 
Lins (p. 15) and Willett and Wirth (pp. 19—20), 
models designed for analysis of individual land pur- 
chases and including tax rates, planning periods, 
indation, and terms of debt financing (variables 
which D-W suggest might be considered in future 
analyses). Both models also differed from the one 
discussed here in allowing users to enter one pro- 
jected growth rate for earnings and, if desired, a 
different—presumably higher—projected growth 
rate for land prices. This reflected the general im- 
pression that land prices had been rising faster than 
eacnings—a view apparently based on the divergent 
trends of the USDA’s net farm income and lend 
price series rather than on actual investment ex- 
perience. While Willett and Wirth advised users of 
their valuation formula: *'If land use is restricted to 
agricultural enterprises, the change in market price 
should be similar to the rate of change estimated for 
annual agricultural returns” (p. 11), they had stated 
earlier that ‘‘there has been a growing disparity 
between farmland value and earnings from that 
farmland” (p. 1). 

After showing that net farm income does not mea- 
sure asset earnings and that the long-term growth 
rate of actual asset earnings may be even higher 
than that of asset values or farm land prices 
(Melichar 1978), the model demonstrates that this 
earnings growth provides the chief explanation for 
two empirical observations that have puzzled econ- 
omists: (a) the rise in real land prices and (b) the 
reletively low rate of current earnings of farm assets 
(that is, the relatively high asset/earnings ratic). 
The first outcome is self-evident; an asset price 
should rise or fall at the same pace as its earnings, 
ceteris paribus. The second result is logically more 
subtle, the arithmetic is simple, and the policy im- 
plications are remarkable. 


` Emanuel Melichar is a senior economist in the Division of Re- 
search and Statistics, Board of Governors of the Federal Reserve 


To know whether the model, its empirical conse- 
quences and their policy implications are of practi- 
cal significance, one needs to know how the growth 
record of earnings compares with that of assets. 
This Doll and Widdows empirically explore. It is 
enlightening to note here that the general nature of 
the comparative behavior of these series has been 
implicitly known to agricultural economists for 
many years and that it has been implicit in a major 
empirical finding and teaching of the profession. 
Have we not taught that the rate of return has 
remained at 396—496, on average, for several 
decades, and implicitly taught that earnings have 
risen as fast as equity? Have we not observed an 
upward tendency in the ratio since its post-Korean 
War lows and thought this trend logical in view of 
the improving relationship between aggregate de- 
mand and farm production capacity? We have im- 
plicitly observed that earnings have risen somewhat 
faster than equity over the whole period and that 
equity recently has been priced at a lower multiple 
of earnings than in the mid-1950s. Have we not 
been aware of the sizable rise and fall in the rate of 
return over certain periods, particularly during the 
Korean War and again in 1972—77? We have known 
that rates of change in earnings and assets have 
differed greatly over certain shorter periods, even 
as their longer-term trends have been similar. To 
transfer this body of knowledge to the present dis- 
cussion, we need to note that adding debt to equity 
and interest to earnings does not greatly alter the 
general level, trend, or cyclical behavior of either 
series or their ratio (see chart 2, p. 200, Melichar 
1978). 

Hence, the empirical record scrutinized by D-W 
already has been explored and accepted by our 
profession. With the asset valuation model seen as 
consistent with the asset and earnings data, we now 
can confidently state that the increase in farm asset 
value reflects increased farm earnings, and that the 
low present earnings rate (or high asset/earnings 
ratio) reflects the expectation of continued future 
earnings increases. (This is an important correction 
to a similar statement by Schertz and Harrington, 
p. 61.) Thus, there is urgent need to study the causes 
of past earnings growth, prospects for future 
growth, and policy implications of various growth 
rates. 

Before elaborating on these suggestions, how- 
ever, a few specific comments are in order on 
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asset earnings and asset values. Their first compari- 
sons are made in nominal terms for the same pe- 
riods for which I had reported similar real-term 
comparisons; thus our results are similar, with our 
reported rates differing mainly by the rate of gen- 
eral price inflation by which J had deflated my asset 
and earnings variables. D-W note that the relation- 
ship between the growth rates of assets and earn- 
ings changes from one period to the next. This is 
hardly surprising, however, as I had selected those 
specific time spans ‘‘on the basis of differences 
either in the growth rate of the current return . . . or 
in the relative importance of capital gains’’ (p. 
1088). Furthermore, D-W employ a technically in- 
ferior asset variable, and thus my original compari- 
sons might be preferable. The latter deficiency also 
occurs in their second set of comparisons, in which 
decades are the periods examined and least-squares 
regression is used to estimate growth rates. More 
seriously, this second set produces misleading val- 
ues for earnings growth in two of the three decades 
because of the presence and timing of a large cycli- 
cal swing in earnings within each decace. 

The technical flaw in calculating growth rates for 
unadjusted asset values as D-W did is that such 
values rise or fall as a result of net investment and 
intersector transfers as well as of price changes; 
and, for our purpose, the growth rate desired is that 
due to asset price changes only. For their calcula- 
tions in nominal terms, D-W should have con- 
structed an asset variable whose values change only 
as nominal capital gains or losses are experienced. 
In my parallel work in real terms, I reported the 
average rate of real capital gains on physical assets 
(table 1, column C x column B)..In additicn, because 
only the real estate component of farm assets is 
likely to reflect capitalized earnings, and because 
in some periods there are noticeable differences 
between rates of price change for total assets and 
real estate, I also reported the average rate of real 
capital gains on real estate alone (columr. D). (Real 
estate comprised only 80% of total farm production 
assets in 1978, rather than 90% as D-W state. Ear- 
lier in the 1950—79 period, proportion was as low as 
66% [Hottel and Evans, p. 63]. Thus the growth 
rates of adjusted assets and real estate probably 
differed somewhat.) D-W may not have recognized 
that these results were asset growth rates, as they 
do not mention them. Adjustment. for net invest- 
ment and transfers was minor relative to price 
change size; thus our results are similar. For the 
specified time, we both find that, as compared with 
the earnings growth rates, those of assets were 


somewhat higher in 1954-60, considerably lower in . 


1961-67, somewhat lower in 1968-71, and about 
the same in 1972-78. 

The misleading earnings growth rates D-W report 
for the 1950s and 1970s are more serious because 
they are led to believe that asset growth in the lat- 
ter decade significantly exceeded earnings growth. 
While such divergence could have resulted from a 
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change in expected real earnings growth or in the 
real discount rate (required rate of return), this 
does not appear to-have occurred. The years of 
exceptionally high earnings, 1972—74, occur in the 
first half of the decade; the two years of lowest 
earnings occur in the second half. When a semi- 
logarithmic least-squares regression line is es- 


‘timated through this up-down-up cycle, its slope is 


flattened and both slope and position are unrepre- 
sentative of the decade's earnings. It also differs 
from the common view of the longer-term course of 
earnings in that period, which would be instrumen- 
tal in asset pricing. Few persons thought that earn- 
ings could be sustained at the exceptional level of 
1973; later low earnings of 1976-77 were viewed 
similarly, as a downside aberration. In 1978-79 earn- 
ings seemed to be ‘‘on track." Hence, I chose to 
draw an earnings trend from the 1971 to the 1978 
value, a trend which has a growth rate about equal 
to that of assets and real estate prices. 

The same point may be made through an alterna- 
tive approach facilitated by D-W's table 1. If asset 
values did rise faster than earnings in the 1970s, as 
D-W conclude, then the asset/earnings ratio in their 
table ] also must have risen. In fact, given their 
least-squares results, the ratio should have risen by 
2.9% annually (the difference between their least- 
squares asset and earnings growth rates). Does in- 
spection of their data indicate that the asset/earn- 
ings ratio rose by almost one-third over the de- 
cade? No, a reasonable impression is that, after 
the gyrations of 1972-77, the ratio remains at about 
the level at which it entered the decade, or perhaps 
has fallen slightly. Thus the least-squares result, 
caused by the presence and position of the severe 
earnings cycle. is misleading. Similarly, if the 
asset/earnings multiple has not risen, neither the 
expected real earnings growth rate nor the real dis- 
count rate has changed (with the possible excep- 
tion of offsetting movements). 

Future work on these past empirical relationships 
should employ recently revised USDA earnings 
series (Hottel and Evans; USDA, рр. 53-54), pre- 
senting data back to 1940. The return to production 
assets, although calculated as a residual, is proba- 
bly about as reliable as the total net farm income 
series, since actual farm wage rates and manage- 
ment fees are available for use in calculating im- 
puted charges for operators’ labor and manage- 
ment. In addition, one can take comfort in knowing 
that studies using landlords’ rent rather than re- 
sidual earnings have consistently produced similar 
findings in stable agricultural areas (Reinsel, Dob- 
bins et al.). The reliability of the asset series basi- 
cally depends on the accuracy of the USDA survey 
of. farm real estate prices, but in addition there is 
some uncertainty about the appropriate adjustment 
for net investment. The balance sheet of the farm- 
ing sector, on which I based my capital gains calcu- 
lation, shows that the physical stock of farm real 
estate increased by 5.5% 1960—78 (Evans, р. 8), 
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‘whereas another account indicated net disinvest- 
ment of $30.8 billion (Evans, p. 40). In addition to 
using revised and improved data, future analyses 
might try to employ valuation models that include 
considerations such as tax rates and financing 
terms. 

At this stage in the development of our new in- 
sights there seems to be more to be learned from 
investigating past causes and future prospects of 
real asset earnings growth. In the mid-19€0s, 
Chryst, and Herdt and Cochrane almost found the 
xey to the asset/earnings relationships but then 
missed it and concluded that government price 
support and supply reduction programs, when 
combined with ongoing cost-reducing, output- 
increasing technological advances, tended to in- 
crease asset earnings. The authors, however, were 
unable to break through their entrenched image of 
a flat net farm income. Chryst decided that the 
capitalization rate must have been falling, while 
Herdt and Cochrane wrote that income gains were 
merely ‘‘expected” increases which vanished when 
capitalized. We can now set aside these erroneous 
interpretations and appreciate anew the analyses of 
rising asset earnings. Similar studies of the past 
decade are needed to provide information about the 
relative importance and probable trends of factors 
more recently responsible for an increase in real 
asset earnings. Again, difficulties posed for time- 
series analysis by the severe earnings cycle might 
require such work to be couched in terms of a 
comparison of, say, 1970-71 with 1978-79, 

Policy implications of the new insights also nzed 
to be developed, both private and public. From 
1954 to 1979, the total real rate of return to farm 
assets averaged about 8%, providing a rough esti- 
mate of the average real discount rate, or required 
rate of return, of farmland purchasers. If no real 
earnings growth were expected, farm real estate 
would sell at about 12.5 times earnings. to yield the 
required 8%. It is selling at double that multiple, 
yielding only 4%, and buyers implicitly expect that 
earnings will continue to rise at a long-term annual 
rate of 4%. They assume any risk of reduction in 
growth rate would lead to a capital loss as the land 
market became aware of it, while increase in the 
growth rate would give them a windfall gair. We 
need assessments of the nature of this risk, part:cu- 
larly by nonoperator investors who are increasingly 
encouraged to consider initial farm real estate pur- 
chases. 


Perhaps public farm policy is not now as insiru- 
mental in maintaining asset earnings growth as ear- 
lier studies indicated, but the combined effect of 
farm programs such as storage loans, deficiency 
payments, disaster assistance, and export promo- 
tion may still be considerable. To the extent that 
these programs cause the earnings growth rate to be 
higher than it would otherwise be, they simulta- 
neously increase the real price of farm output and 
reduce the rate of current earnings to assets, com- 
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pared with levels that otherwise would have pre- 
vailed. The first effect is financially harmful to the 
general public; the second is not welcomed by 
farmers. It appears that both groups would benefit 
from a move to lower farm earnings growth, but in 
reality the process of so doing would be painful for 
farmers and farm landlords. In the short run, the 
rate of current earnings would first decline, because 
the response of asset values probably would lag the 
earnings change; then, when asset values did ad- 
just, farm owners would experience capital losses. 
One could conclude easilv that our political institu- 
tions would not care to undergo this experience. 
Perhaps our policy analysts can devise a path to 
lower earnings growth that will be tolerable to asset 
owners who have paid in advance for the higher 
growth rate. 

Economic conditions and trends may be moving 
farm policy in this direction in spite of the inherent 
dilemma. Some government contributions to main- 
taining a high real growth rate of farm asset earn- 
ings are more acceptable to the public than others. 
First, policies helping real earnings to grow at a 
given rate in one sector are more easily accepted or 
tolerated if real economic growth in general equals 
or exceeds that rate. Otherwise, the resulting rela- 
tive transfer of real wealth to the assisted sector 
requires more justification as a net contribution to 
the general welfare. Next, it is likely that such 
transfers are more easily tolerated if the underlying 
earnings growth results mainly from cost-reducing 
productivity gains rather than from increases in the 
real price of the sector's output. Finally, wealth 
transfers are more tolerable if the assisted eco- 
nomic units are relatively small and/or poor, or are 
so perceived. 

The first two conditions appear to have turned 
against agriculture during the past decade. General 
economic growth slowed, and farm earnings growth 
became more dependent on real increases in output 
prices. The third condition is now also coming into 
play. Nearly fifty years of compounded growth in 
real wealth, abetted by consolidation of units and 
recently by reduction in estate taxes, have made 
many farm families rich from the perspective of the 
general public. There may be a significant risk of 
reduced government assistance for agriculture, or 
the aid may shift toward more subtle forms such as 
export promotion. Studies of these matters from 
our new analytical perspective should be interest- 
ing. 

[Received May 1981.] 
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Economic Welfare and Food Safety Regulation: The Case 
of Mechanically Deboned Meat: Comment 


J. Bruce Bullock and Clement E. Ward 


In a recent Jornal article, McNiel estimated the 
welfare effects of USDA regulations governing the 
production and use of mechanically deboned meat 
(MDM). McNiel estimated a set of monthly supply 
and demand parameters to calculate the social costs 
cf regulations. He then calculated the social cost of 
regulations that limit the output of MDM to 20% of 
processed meats, excluding ground meat, instead of 
all MDM economically recoverable by existing 
technology. 

Two problems with the McNiel analysis invali- 
date his estimaies of social costs. First, the data 
series used to estimate the demand and supply ра- 
rameters is inappropriate. Second, the regulations 
limiting MDM usage will not become a constraint 
on total MDM production and will not generate 
social costs. 


MDM Regulations 


Three regulations affect the production and use of 
MDM from beef and pork carcasses: 


(a) Amount of MDM in final product: MDM can 
make up no more than 20% of the total meat portion 
ofa finished product. MDM is prohibited in ground 
bzef and a few other products. 

(b) Final product labeling requirements: a prod- 
uct containing MDM must contain a statement on 
the label which says ‘‘mechanically processed 
(species) product'' in letters at least half the size of 
the product name. The label also must state, ‘‘con- 
teins up to 26 of powdered bone.” This must 
be no less than one-fourth the size of the product 
name. 

(c) MDM protein, fat, and calcium content: 
MDM can contain no more than 30% fat, 0.75% 
calcium, and no less than 14% protein. 





Each of these has a different potential impact on the 
production and social costs of MDM. 


McNiel's Analysis 


McNiel notes that beef and pork are consumed 
either as table cuts or as processed meats. MDM is 
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a potential ingredient in processed meats. Thus, for 
analysis it is desirable to partition the demand for 
beef and pork into that for table cuts and that for 
processed meats. Unfortunately, monthly data do 
not report the mix of table cuts and processed 
meats consumed. 

To solve this problem, McNiel disaggregated 
total beef and pork consumption into ''two compo- 
nents, table cuts and processed meats, using share 
estimates obtained from USDA consumption sur- 
veys which were consistent with the market shares 
used in constructing the price series" (McNiel, p. 
4). Thus, the following relationship exists in the 
McNiel consumption data for both beef and pork: 


QTM = aMC, 
ОРМ = (1 — a)MC; 
hence, 


1-а 
- \отм, 





QPM = | 


where QTM is quantity of table meat consumed, 
QPM is quantity of processed meat consumed, MC 
is QTM + ОРМ, and 0 < о < 1 is the table cut 
proportion of total consumption. 

Consequently, the McNiel data maintain table 
cuts and processed meats in fixed proportions in all 
time periods. Based on the footnote to McNiel’s 
table 2, the table cuts account for 60.8% and 77.6% 
of total beef and pork consumption, respectively. 
Thus QPB = 0.64QTB and QPP = 0.29QTP in 
McNiel’s data series. These data cannot be used to 
estimate demand and supply parameters that pur- 
port to show the impact of changing proportions of 
table and processed meats. Thus, the elasticities in 
table 2 of McNiel's paper are not meaningful. 

According to McNiel's analysis, the regulation 
limiting the MDM content of processed meat to 
no more than 20% would cause the total pro- 
duction of mechanically deboned beef (MDB) to 
be only about one-third of the economically feasible 
production level. Similarly, mechanically deboned 
pork production (MDP) would be only about one- 
sixth of the feasible level of production. However, 
it is physically impossible for the industry to pro- 
duce enough MDB or MDP for the 20% restriction 
to become an effective constraint on total MDM 
production. 

McNiel estimates that 39.2% of beef is consumed 
as processed meat. Agnew reports that ground beef 
accounts for about 5796 of processed beef consump- 
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tion. Thus, 16.9% of beef consumption is processed 
meat to which MDB could be added under cur- 
rent regulations. Field reports that the upper limit 
on MDB production is about 16 pounds per car- 
cass. This would be a 2.7% increase ia beef sup- 
plies assuming average 600-pound carcasses. There- 
fore, at a maximum, MDB could account for 
Gs rIT d 77] — 13.796 of processed beef supplies, 
excluding ground beef. Similarly, MDP could ac- 
count for no more than about 15% of processed 
pork production. Field also reports that the upper 
limit on MDP production is about 4 pounds per 
137-pound carcass. This means that МЭР will in- 
crease pork supplies by 2.9%. If 25% of processed 
pork is fresh ground (probably an overestimate), 

2.9 E 
16.8 + 2.9 
1596 of processed pork production. Consequently, 
the 20% regulation is not a restriction on total MDM 
production. 

The inability of the McNiel model to assess cor- 
rectly the impact of the MDM regulations indicates 
that it is improperly structured. This, plus inappro- 
priate estimates of demand and supply elasticities, 
indicates that McNiel did not develop useful esti- 
mates of the welfare effects. Although McNiel did 
not develop valid estimates of the socia! costs, he 
addressed an important issue for consumers and the 
meat processing industry. 


then MDP can account for at most 


Economic Nature of Problem 


Use of the MDM technology makes it possible to 
increase meat supplies without increasing the num- 
ber or weight of animals slaughtered. The social 
costs of restricting the use of this technology are 
illustrated in figure 1. 

The consumer demand for meats (composite of 
table cuts and processed meats) is represented by 
DD'. Without MDM technology, S, units of meat 
can be produced from the number of animals 
slaughtered during this period. Meat production can 
be expanded to S,, if MDM technology is used. The 
per unit cost of raw materials plus total costs of 
operating MDM equipment is represented by $,H. 
The area HABE represents the net social value of 
the MDM technology. The social cost of restricting 
the use of the technology is the portion of the 
social value of the technology that cannot be at- 
tained. 

The 2046 restriction will not become a constraint 
on total MDM output and hence will generate no 
social costs. However, it could be an effective con- 
straint for some processed products. The product- 
labeling restriction is the current regulation that 
limits MDM production. Meat processors think that 
current labeling requirements project a negative 
image of their product to consumers. Therefore, 
they refuse to use MDM. Thus, all social costs of 
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Figure 1. Illustration of impact of fat and pro- 
tein content restrictions on the net economic 
value of MDM technology 


current regulations (HABE in figure 1) are attribut- 
able to the labeling requirements. ''There is no 
basis for expecting that the long-term use of MDM 
would pose health hazards or that the long-term 
effects would be any different from other processed 
food products”? (USGSA p. 26418). Consequently, 
there is no medical justification for this type of 
regulation. The success of a processed meat prod- 
uct in the marketplace depends on repeat purchases 
by satisfied customers. Competition will weed out 
products with too much MDM to satisfy consum- 
ers. Although this regulation does not generate so- 
cial costs at present, it might in the future. Continu- 
ation of the 2096 limit could preclude development 
of new products quite acceptable to consumers. 
Hence, the public interest would be served by re- 
moving this regulation. 

The restriction on fat, protein, and calcium con- 
tent of MDM is currently less important since label- 
ing requirements reduce MDM production to zero. 
However, if the labeling restrictions were modified, 
the fat and protein regulations could become effec- 
tive constraints on MDM production. MDM pro- 
duced from fed cattle, upper grade cows, barrows, 
gilts, and sows either exceeds fat content restric- 
tions or fails to meet minimum protein require- 
ments. Thus, a considerable portion of the potential 
MDM supply will not be produced because of the 
fat and protein restriction even if the labeling re- 
quirements are removed. The potential impact of 
this. restriction on MDM production likely will in- 
crease as boxed beef production expands, increas- 
ing the raw materials from fed cattle available: for 
mechanical deboning. 
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If the labeling restrictions did not exist, fat con- 
tent restrictions would restrict MDM output to S.R 
“rather than the economically feasible level 5,5, 
(figure 1). Consequently, a portion of the potential 
MDM benefits would not be realized because of the 
restriction. The area FGBE represents the social 
cost associated with the fat and protein restrictions 
if the labeling regulations were removed. Estimates 
indicate that removal of the labeling restrictions 
would recover only about 30% of the social costs of 
the regulations unless the MDM fat and protein 
content restrictions also are removed (Bullock and 
Ward). 

Current regulations establishing limits on MDM 
content in final products and maximum fat content 
cf MDM provide the consumer no more protection 
taan is already available through existing regula- 
tions and the economic realities of the marketplace. 
Moreover, these regulations impede the efficient 
tse of resources and generate social costs without 
generating social benefits. Social welfare would be 
improved by eliminating them. 


Potential Impacts of MDM Technology 
«n Livestock Prices 


The use of MDM technology both increases and 
decreases the value of beef and pork carcasses. The 
value of a carcass is increased because several 
pounds of edible MDM are recovered that o:h- 
erwise would be sold as inedible byproducts. How- 
ever, widespread use of MDM technology will in- 
crease total supply and, hence, reduce the price of 
meat, ceteris paribus. Thus, the net impact of 
MDM technology on carcass value (and therefore 
the price of livestock) depends on the relative mag- 
nitudes of these two impacts. 

The impact on net farm value of 100 pounds of 
carcass of introducing MDM technology is iden- 
tified by the following equation: 


1) АУ = Wir (P^, = Р.) 

+ AW(P'y, $c Р, e Ca), 
‘where AV is the change in net farm value per 100 
»ounds carcass weight ($/cwt), Wm? is the pounds 
of meat marketed per 100 pounds of carcass if 
MDM technology is not used, AW is the additional 
pounds of carcass marketed as meat (not marketed 
as bone) per 100 pcunds of carcass if MDM tech- 
nology is used, Pm? is the price of meat that would 
exist if MDM technology is not used, P', is the 
price of meat as a result of using MDM technology 
to increase meat supplies, P; is the price of bone 
(opportunity cost of marketing MDM is meat rather 
than bone), and C, is the cost of owning and 
operating MDM machinery ($/pound of MDM). 


! The price of raw materials is assumed to be the same whether 
or not MDM technology is used. Widespread use of MDM tech- 
nology should increase P, as the amount of this product sold is 
reduced. However, the magnitude of this impact would likely be 
quite small and is ignored for purposes of this discussion. 
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The first term of equation (1) measures the de- 
crease in carcass value because of the reduced price 
of meat resulting from expanded supplies. The sec- 
ond term shows the net gain in value of AW pounds 
of MDM marketed as meat rather than bone. MDM 
production will be economically feasible if (P^, — 
P, — Са) > 0, and there will be a net increase in 
social welfare from the use of MDM technology as 
illustrated in figure 1. However, depending on the 
value of AW, the introduction of MDM technology 
may result in a welfare transfer from producers to 
consumers. 

The value of AV functions as a shifter of the 
derived demand for live animals. The determinants 
of the value of AV are identified by further exam- 
ination of equation (1). By definition, 





where у < 0 is the price flexibility of meat with 
respect to the quantity of meat. Substituting this for 
P', — Р„° in the first term of equation (1) and 
multiplying the second term by Р,„°/Р,„° results in 


2) AV = (AW: m: Р.) + (AW - АР), 


AV = AW - P,,°(n + К), 


Where k a hom Z Ca is the incremental net 


Pat 
value of MDM expressed as a portion of P,,°. This 
ratio has no particular economic interpretation. 
However, 1 > k > Osince P^, — Pm? = «0, P, > 0, 
and C, > 0, and because (P^, — P, — Ca) > 0 if 
MDM technology is economically feasible. 

If AV = 0, the derived demand for livestock will 
not shift and the introduction of MDM technology 
would have a neutral impact on livestock produc- 
ers. If AV > 0, the derived demand for livestock 
will shift to the right and generate higher livestock 
prices, ceteris paribus. However, if AV « 0, the 
derived demand for livestock will shift to the left 
and generate lower livestock prices. 

Production of mechanically deboned beef and 
pork are both technologically and economically 
feasible (Bullock and Ward). Thus, any relaxation 
of MDM regulations will expand meat supplies, re- 
duce meat prices, and expand social welfare. How- 
ever, if |n| > 1, as most published estimates indi- 
cate, the widespread use of MDM technology will 
result in some amount of welfare transfer from pro- 
ducers to consumers. 


[Received September 1980, revision accepted 
March 1981.] 
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Economic Welfare and Food Safety Regulation: The Case 
of Mechanically Deboned Meat: Reply 


Douglas W. McNiel 


As Buliock and Ward point out in their “Сот- 
ment," there are three major types of regulations 
which may presently be constraining MDM produc- 
tion and use—ingredient standards, use limitations, 
and labeling requirements. Bullock and Ward at- 
tempt to analyze and evaluate the separate eco- 
nomic effects of each type of regulation so that we 
may better understand the benefits and costs asso- 
ciated with various alternative regulations. Unfor- 
tunately, both the theoretical and empirical basis of 
their analysis have such serious deficiencies that 
only limited progress is made toward this objective. 


Supply-Side Constraints 


Regulations establishing ingredient standards and 
use limitations for MDM are primarily supply-side 
constraints. The correct methodology for analyzing 
such supply-side regulatory constraints is presented 
:n my original work (McNiel). Bullock and Ward 
nave attempted to improve upon this analysis with 
more detailed estimates of the effects of each type 
of regulation on the supply of (processed) meat... 
тоге on this later. 


Demand-Side Constraints 


While Bullock and Ward indicate that these 
supply-side regulations could become a constraint 
in the future, they argue that ''all social costs of 
zurrent regulations . . . are attributable to the label- 
ing requirements." The impact of the labeling re- 
quirements for products containing MDM was not 
analyzed in my original work. Since most cf the 
zontroversy over MDM regulation centers on label- 
ing, additional analysis would be useful. However, 
evaluation of the labeling regulations requires a 
more complex methodology, not found in Bullock 
and Ward's analysis. The methodology they em- 
ploy to evaluate this demand-side constraint does 
not differ from the methodology employed to eval- 
uate the supply-side constraints. Unfortunately, the 
supply-side methodology alone is not appro»riate 
for this extension aor adequate to support their 
argument. 

Labeling regulations for products containing 
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MDM have inherent demand-side implications 
which Bullock and Ward do not take into account 
when analyzing their attendant welfare effects. To 
attribute the entire welfare loss from MDM regula- 
tion solely to the labeling requirements, one must 
assume that (a) consumers with perfect information 
would regard processed meats containing MDM as 
homogenous with other processed meat products 
not containing MDM, and (6) currently required 
labels mislead consumers to ‘‘incorrectly’’ perceive 
products containing MDM so negatively that they 
cannot be marketed profitably. These assumptions 
strike at the heart of the MDM controversy. They 
are critical to Bullock and Ward’s analysis, but no 
evidence of their validity is offered.! 

The essence of Bullock and Ward's argument 
(made even more explicitly in their Oklahoma Ag- 
ricultural Experiment Station research report) is 
that if consumers are not informed of the presence 
of MDM, processors could sell an additional 5,5, 
units of meat at price Р; (Bullock and Ward, 
"Comment," fig. 1). Yet Bullock and Ward also 
acknowledge that if consumers are made aware of 
the presence of MDM by current labeling require- 
ments, consumers will no longer be willing to pay a 
price sufficient to bring forth this additional produc- 
tion. Demand curve DD' no longer reflects con- 
sumers' willingness to pay. Despite this, Bullock 
and Ward proceed to calculate the welfare loss from 
the foregone production using demand curve DD'. 
This error is compounded by the fact that in Bul- . 
lock and Ward's calculations, the prices (Р; in fig. 
1) and elasticities used in valuing the foregone pro- 
duction are for table cuts and processed meats 
combined.? This leads to further overstatement of 
the value of the additional production since MDM 
will be marketed only in processed meat products 
which will sell at significantly lower prices than 
those used by Bullock and Ward. 

Because their analysis is not focused on the rele- 


! The American Meat Institute has been collecting information 
on consumer reaction to the existing labels that seems to support 
the second assumption. 

2 In the Oklahoma Agricultural Experiment Station research 
report, Bullock and Ward calculate the potential economic value 
to society from mechanical deboning of beef as follows: the cost of 
producing mechanically deboned beef is 40g per pound; without 
the present labeling requirements, producers would be able to 
market the mechanically deboned beef for $2.23 per pound (the 
annual average retail price for beef); therefore, the loss to society 
is $1.83 per pound of foregone production. A similar argument is 
made for mechanically deboned pork. 
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vant market and does not address the issue of con- 
sumers’ willingness to pay, Bullock and Ward do 
not provide a valid methodology for measuring the 
welfare effects of MDM labeling requirements. 
Consumer groups might use their calculations (Bul- 
lock and Ward) as a measure of the potential ripoff 
of consumers if the labeling requirements are 
changed. These calculations also might be inter- 
preted as the maximum amount meat processors 
should be willing to spend (for consulting studies, 
legal. services, political contributions, etc.) to alter 
the present regulatory regime or for marketing pro- 
grams to convince consumers that MDM is not an 
undesirable ingredient. 


A Demand-Side Methodology 


While Bullock and Ward's analysis is irappropri- 
ate, their argument that all social costs of -egulating 
MDM are attributable to the labeling requirements 
may be correct. Whether the labeling requirements 
result in welfare losses or gains depends upon 
whether these labels lead consumers to commit er- 
rors of omission or errors of commission and the 
size of any such errors relative to the size of the 
potential increase in the supply of processed 
meats.? 

An error of commission occurs when consumers 
erroneously overestimate the quality andor safety 
of a good. In figure 1, let d'd' represent the ‘‘cor- 
rect” demand curve for processed meats containing 
MDM when consumers have full information (at 
least partially conveyed by distinguishing labels). 
Without labeling information regarding the pres- 
ence of MDM, the "incorrect" consumer demand 
curve would be dd. Uninformed consumers would 
buy oq units at price p. Informed consumers would 
purchase only oq’ units at this price. Under these 
circumstances, the labeling requirements prevent 
consumers from incurring a welfare loss rep- 
resented by area efg—the excess of the additional 
amount consumers would spend (4' ејд) over the 
amount of additional benefit they would receive 
(я ерд). This is the analytical basis of the zrgument 
advanced by the consumer groups who have raised 
the question of MDM use leading to economic 
adulteration. To ensure against this possibility, 
consumer groups have gone to court and lobbied 
extensively to obtain the current labeling require- 
ments. 

An error of omission occurs when ccnsumers 
buy less than they would with full knowledge. Meat 
processors and their trade associations argue that 
this is a more accurate characterization of zhe pres- 
ent situation. Referring again to figure 1, let dd 
now represent the ''correct'" demand for processed 
meats containing MDM when consumers лауе full 


3 These terms apparently were coined by Douglas F. Greer in 
explaining the theoretical and empirical work of Darby and Karni, 
Peltzman, and McGuire, Nelson, and Spavins. 
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Figure 1. Welfare effects of labeling require- 
ments 


information. If the prescribed labeling requirements 
mislead consumers to undervalue products contain- 
ing MDM d'd' now represents consumers' actual 
but "incorrect" demand curve. While consumers 
ought to purchase quantity oq at price p, because of 
misinformation (created by, or at least not cor- 
rected by, the required product labels) they pur- 
chase only quantity og' at this price. Correction of 
this error would cost consumers an additional 
q'efq, but the added benefit would be g'hfg. The 
difference, area efh, represents the net gain to con- 
sumers from correcting this error. Correction might 
be achieved by eliminating the misleading informa- 
tion from the required labels or through information 
programs to convince consumers that the negative 
perceptions created by existing labels are un- 
founded. 

Methodologically, if there is a social cost asso- 
ciated with the labeling requirements interfering 
with consumer sovereignty, it must be analyzed 
from the viewpoint that the required labels mislead 
consumers or cause them to behave differently than 
if they had perfect information about MDM (includ- 
ing its comparative nutritional value and any health 
and safety risks associated with its use). Consumer 
groups argue that the present labels provide the 
information necessary for consumers to express 
their preferences in the market. If this is true and, 
on the basis of this information, consumers elect 
not to buy products containing MDM, then there is 
no social cost associated with the labeling require- 
ments. Valuing the additional pounds of MDM at a 
price consumers have demonstrated an unwilling- 
ness to pay violates one of the fundamental tenets 
of applied welfare analysis (Harberger). 
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Acceptance of Bullock and Ward’s argument that 
the labeling requirements are currently responsible 
for all social costs cf MDM regulation necessitates 
acceptance of the two assumptions mentioned in 
the previous section. In this case, p (figure 1) repre- 
sents the equilibrium price at which products con- 
taining MDM would be sold when consumers have 
full information, and the size of the error of omis- 
sion caused by the misleading labels, g’q, is equal 
to the potential increase in supply ($,S,, in Bullock 
and Ward's fig. 1). 

Even if the two assumptions are accepted, the 
appropriate retail prices and demand elasticities for 
valuing the increased potential production are not 
those applying to the entire beef or pork market, 
but rather those applying only to the processed 
meat products segment of these markets where at 
least some semblance of product homogeneity can 
be assumed after MDM is added. Until the 
demand-side effects of the labeling requirements 
are estimated empirically and analyzed in conjunc- 
tion with the supply-side effects, Bullock and 
Ward's argument cannot be accepted. 


Supply Shifts 


Returning to the supply side constraints, there are 
at least two fallacies in Bullock and Ward's attempt 
to demonstrate that the 20% use limitation on MDM 
cannot be constraining.* First, the 690-pound car- 
cass in the example will only yield about 444 
pounds of salable retail meat (table and processed). 
Utilization of the mechanical deboning technology 
does not affect carcass weight, but rather allows 
meat processors to recover additional pounds of 
salable retail meat from the same carcass weight. 
Applying the rest of Bullock and Ward’s assump- 
tions yields a 3.6% potential increase in the retail 
supply of beef and a potential increase in the supply 
of processed beef of 17.56%. Second, the figure 
quoted on the grcund beef share of the processed 
beef market (57%) is also for the carcass weight 
level, not the retail consumption level. This share 
was computed on the basis of certain assumptions 
from the production side about the disposition of 
various types of carcasses—not on the basis of con- 
sumption data. These assumptions and the conver- 
sion factors used result in this figure understating 
the share of ground beef at retail. Consumption 
surveys indicate that ground beef may account for 
as much as 80% of the processed beef market as 
defined in my work. When both of these modifica- 
tions are made to Bullock and Ward’s example, the 
potential increase in the retail supply of processed 
beef becomes almost 33%, which means that the 


4 The degree of constraint imposed by the 20% use limitation is 
overstated in table 4 (McNiel). Rather than indicating a 70%-80% 
difference from the changes in prices, quantities, and economic 
welfare associated with free market use of MDM, this regulation 
should be associated with differences of roughly 30%. 


Amer. J. Agr. Econ. 


20%-use limitation may be constraining. Similar fal- 
lacies exist in Bullock and Ward's calculations to 
show that the 20%-use limitation cannot be con- 
straining for mechanically deboned pork. 


Livestock Prices 


The impact of the mechanical deboning technology 
on the derived demand for livestock, an input used 
in the joint production of many different edible and 
inedible products, is an area where further analysis 
is warranted. In equation (1), Bullock and Ward 
examine this impact. This equation is meant to re- 
flect the net change in incremental revenues and 
costs of all meat processors when mechanical de- 
boning is adopted widely. This equation measures 
the change in economic welfare of meat processors 
only if supply is assumed to be perfectly inelastic. 
Bullock and Ward's initial interpretation of the 
equation is that **depending on the value of AW, the 
introduction of MDM technology may result in a 
welfare transfer from producers to consumers.” In 
the final paragraph they conclude that ''if |y| > 1 as 
most published estimates indicate, the widespread 
use of MDM technology will result in some amount 
of welfare transfer from producers to consumers.” 

The transfer of welfare from processors to con- 
sumers, area P,ACP; in Bullock and Ward's figure 
1, was never in doubt. The question is whether 
processors are net gainers or losers (i.e., the size of 
area P,ACP;, which is a transfer from processors to 
consumers, in relation to area BCHE, which is the 
gain to producers from reallocating livestock inputs 
from lower-valued inedible uses to higher-valued 
edible uses). Clearly, if |n] > 1, |P,ACP,| > 
|BCS,Sm|  |BCHE], and therefore, the net receipts 
of processors will fall implying a reduction in the 
derived demand for livestock. 

Unfortunately, this analysis is likely to give mis- 
leading results because of its level of aggregation. 
The first term in equation (1) probably overstates 
the revenue loss to producers because the price 
change is applied not only to the incremental units 
of production, but across the entire meat market. In 
practice, use of MDM is unlikely to affect sig- 
nificantly the prices of table meats or even pro- 
cessed meats in which it is not included. To the 
extent that the processors are successful in seg- 
menting their markets and limiting lower prices 
primarily to the new products produced with MDM, 
the technology is likely to increase processors’ net 
revenues and lead to an increase in the derived 
demand for livestock. 


[Received May 1981.] 
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Economic Trade-Offs and the North Carolina 


Shrimp Fishery: Comment 
Ronald N. Johnson 


In a recent Journal article, Waters, Easley, and 
Danielson (WED) offered calculations purporting 
to show the economic trade-offs of fishery regula- 
tion designed to reduce the discard of juvenile p:nk 
shrimp caught incidentally by fishermen harvesting 
brown shrimp. Reducing the cull of juvenile pink 
shrimp by seasonal closure or prohibiting night 
shrimping implies that the mature pink shrimp catch 
will be augmented later in the season. WED argue 
that such regulations would reduce the brown 
shrimp harvest. Consequently, an economic trade- 
off arises, Although WED conclude that the irci- 
dental catch and discard problem are not severe 
enough at this time to warrant new regulations to 
protect juvenile pink shrimp, they have ignored 
both the common property aspects of the fishery 
and the response of fishing effort to the potential 
increase in yields. 

Following the model of Gordon and Scott (1955), 
assume that the total cost of fishing is a linear func- 
tion of fishing effort. Further assume, as do WZD 
гр. 126), that the demand for shrimp harvested in 
North Carolina waters is perfectly elastic. For 
shrimp, the revenue/yield curve can be assumed 
concave in the relevant range, with a positive first 
derivative. Under common property access, the 
Gordon and Scott model predicts that entry will 
zake place until all rents are dissipated; that is, 
average revenue per unit of fishing effort will equal 
average cost. If the yield of pink shrimp were in- 
zreased by allowing more juveniles to reach matur- 
:ty, the revenue/yield function would shift upward 
and effort would increase. Once again, total reve- 
nue would equal total costs. The economic benefits 
from enhancement of the pink shrimp fishery via 
regulation are, in this case, equal to zero. However, 
in the WED formulation the calculated gross ten- 
efits to the pink shrimp fishery are positive. The 
reason for this is that they treated effort as exoge- 
nous. WED's equation (9) (p. 126) assumes no ad- 
justment of fishing effort as yield increases. They 
essentially ignored tne common property aspects of 
the fishery by not incorporating an effort response 
function into their model. 


Ronald N. Johnson is assistant professor in the Departmert of 
Agricultural Econcmics and Economics, Montana State Univer- 
sity. 


In the real world, returns to fishery enhancement 
may not be zero even in an open access fishery. 
First, if demand is not perfectly elastic, there will 
be gains in consumer surplus from a larger net 
catch. Second, fishermen are not identical, and 
their supply to the industry is not infinitely elastic. 
Accordingly, rents may not be totally dissipated in 
an open-access fishery except for the marginal en- 
trant. Third, there are likely to be lags in response 
to an enhancement project. Thus, benefits of en- 
hancement may be positive over the short run even 
when the long-run effort supply function is per- 
fectly elastic. Much recent discussion of fishery 
regulation concerns the response of effort to 
changes in property rights and regulations (Scott 
1979 and Wilen). Limited entry, gear restrictions, 
and seasonal closures, for example, affect the 
amount of effort supplied since each fisherman will 
adjust at the relevant margins. To ignore supply 
response by individual fishermen in an open-access 
fishery, or even a regulated one, implies either that 
the harvesting costs do not matter and/or that effort 
is somehow exogenously determined. Estimates of 
economic trade-offs that ignore fishing effort 
changes due to regulation are primarily biological 
measures. They are likely to overstate the eco- 
nomic benefits. 


[Received December 1980; revision accepted April 
1981.] 
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Economic Trade-Offs and the North Carolina 


Shrimp Fishery: Reply 


James R. Waters, J. E. Easley, Jr., and Leon E. Danielson 


In his comment in this issue on our recent Journal 
article (Waters, Easley, Danielson), Johnson miss- 
es the point. We examine the short-run dynamics 
involved in potential payoff to new regulations. We 
did not find sufficient short-run net benefits to war- 
rant a policy; hence, we did not look at the long-run 
equilibrium question of how to preserve those 
rents. It makes no sense to pursue a problem that is 
not there. 

The reader can quickly verify this by glancing at 
table 3 in our original article (p. 129). Presented in 
that table are thirteen sample observations on the 
discard rate taken between 1970 and 1975. Only one 
of these rates even approached our estimated 
break-even discard rates (rates above break-even 
would imply positive net benefits). We then con- 
clude that, ‘‘it does not appear that the incidental 
catch and discard phenomenon is severe enough 
under normal conditions to warrant the adoption of 
policies designed to protect juvenile pink shrimp.”’ 

Had we found potential gains (even in most 
years) from a discard abatement policy, then the 
question of rent dissipation through entry to the 


James R. Waters is an economist with the National Marine 
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fishery would have been relevant. However, this 
was not the case and we did not think it necessary 
to address the matter in the article. 

Johnson's charge that we ignored the common 
property nature of the fishery is curious, given that 
the study was largely motivated by this feature. We 
explicitly state (p. 124): ‘‘Communal ownership 
distorts the choice between present and future in- 
come because individual fishermen do not consider 
foregone future income in their cost calculations." 
The reason, of course, is that shrimp are subject to 
capture by any fisherman, not just the ones who 
might forego earlier catch. That is, they are a com- 
mon property resource. The basic analysis exam- 
ines policy-induced trade-offs of income streams 
over time. The absence of an effort response func- 
tion in our model in no way suggests the common 
property problem was ignored; it merely reflects an 
emphasis on the dynamic aspect of the fishery in the 
short run. 
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Projected Replacement Needs for Agricultural 


Economists: Comment 


K. A. Schrimper 


In the August 1980 issue of this Journal. Schotzko 
reported that the number of Ph.D.s in agricultural 
economics required to offset anticipated retire- 
ments and deaths would increase during the next 
decade. This finding is in contrast to recent con- 
cerns about ‘‘overproduction and overeducation"' 
in the United Sates, considering the rapid expan- 
sion of graduate enrollments in most fields (Cartter, 
Freeman). Impkcations of growth in the number of 
Ph.D.s in agricultural economics during the 1970s 
were noted by Helmberger. Boddy warned, how- 
ever, that ‘the scare talk about the current. and 
prospective general ‘Ph.D. glut’ is greatly over- 
drawn. ... In economics and agricultural econom- 
ics the prospects are far less discouraging than in 
most other fields” (p. 724). 

The primary »urpose of this comment is to note 
some problems with Schotzko's analysis. A second 
purpose is to discuss some changes in the charac- 
teristics and aggregate number of Ph.D.s granted in 
agricultural economics in the United States during 
tne last two decades. . 


Shortcomings in Schotzko's Analysis 


Опе problem with Schotzko's estimates of re- 
placement need; is that only those receiving Ph.D.s 
after 1950 were taken into account in calculating 
age distributions. Anyone working in 1975 or after 
who received a Ph.D. prior to 1951 was not consid- 
ered in Schotzko's age distribution, table 4 (p. 527). 

- This is probably not important for age distributions 
in 1985 and later. In 1975, however, some of those 
who received a Ph.D. prior to 1951 would still nave 
teen active professionally, even though more than 
ffty years of age. This would influence the esti- 
mated number of retirements and deaths between 
1975 and 1985. Omission of this group is likely to 
Гауе biased downward Schotzko's estimated re- 
rlacement needs, at least for the initial part of the 
period considered. 

A second problem with Schotzko's analysis in- 
volves calculation of a non-reporting adjustment 
factor. This factor is defined as the ratio of all U.S. 
cegree recipients for the years 1951-66, inclusive, 
to U.S. degree holders listed in the 1966 handbock. 
A question raised by this definition is how data for 
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1951-54 were handled since U.S. and foreign citi- 
zenship was not differentiated for these years, table 
2 (p. 526). In correspondence, Schotzko indicated 
that all degree recipients in 1951-54 were assumed 
to be U.S. citizens. This assumption is troublesome 
because for the first couple of years when data 
permitted a separation by citizenship, nearly 20% of 
all degree recipients were classified as foreign. As- 
suming that all degrees were awarded to U.S. citi- 
zens for 25% of the years used in estimating the 
adjustment coefficient undoubtedly results in an 
upward bias. A lower coefficient value would have 
affected the age distributions in table 4 nonsymmet- 
rically. The older age categories would have been 
most affected by this adjustment, causing some 
upward bias of estimated replacement needs. It is 
not clear that this error would offset the previous 
downward bias since their respective magnitudes 
are not known. 

Another issue is the nonsystematic. underestima- 
tion of total Ph.D. output, table 2. The problem is 
that the degree recipient list in the May AJAE can 
be quite incomplete. For example, if one considers 
1968 degree recipients, it is necessary to consider 
not only the list in the May 1969 issue but also lists in 
the August 1969, November 1969, and May 1970 


‘issues to get a full accounting. Even then, several 
‘gaps exist. 


A more complete tabulation of Ph.D. degrees in 
agricultural economics awarded in 1961-63, 1968— 
70, and 1975-77 was obtained by the author for 
another study (Schrimper) by contacting depart- 
ment heads, graduate coordinators, or others at 
institutions not included in the AJAE lists for those 
years.! This data is summarized for those three 
periods in table 1. The data for 1968 indicates that 
the number of Ph.D.s was 181, instead of 126 as 
reported by Schotzko. Similar comparisons for 
1969 and 1970 suggest Schotzko's data underesti- 
mate total degrees by 25% and 15%, respectively. 
The downward bias in Schotzko's series appears to 
be 10% to 20% for 1975-77. These nonsystematic 
biases would affect Schotzko's age distributions in 
his table 4. Consequently, the net effect on re- 
placement needs is not obvious. 

Schotzko indicates that underreporting in May 


! This compilation was restricted to institutions which usually 
would have been included in the AJAE lists. It does not include 
some of the top twenty institutions, identified by Spellman and 
Gabriel, having students between 1940-74 with dissertation inter- 
ests in agriculture. These were Columbia, New York University, 
Pennsylvania, MIT, University of Texas, and Yale. 
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Table 1. Number of Ph.D. Degrees in Agricultural Economics 
Average No. 
Student Total of Degrees 
Time Period Classificat.on Number Number per 
and of of Institution 
Region? Domestic Foreign Degrees Institutions per Year 
1961-63 | 
Northeast 23 8 31 4 2.6 
North Central 162 57 219 10 7.3 
South 50 4 54 7 2.6 
West 36 5 41 5 2.7 
Total 271 74 345 26 44 
1968—70 
Northeast 57 33 92» 4 7.7 
North Central 187 97 285° 11 8.6 
South 99 17 120? 10 4.0 
West 53 40 94° 7 4.5 
Total 396 187 591 32 6.2 
1975-77 
Northeast 36 23 59 5 3.9 
North Central 113 97 211° 11 6.4 
South 70 32 102 11 3.1 
West 53 54 107 8 4.5 
Total 272 206 479 34 4.6 


Note: Data for Canadian institutions, Harvard, and South Dakota, which appeared in the AJAE, were excluded. The latter two schools 


each reported one degree during the nine years considered. 


a Regions were defined consistent with the Census definitions except Delaware and Maryland were included in the Northeast, and 


Hawaii was included in the West. 
> Includes two unclassified students. 
* Includes one unclassified student. 
4 Includes four unclassified students. 


issues of the AJAE did not seem to be serious based 
on comparisons with aggregate data of the U.S. 
Office of Education. Schotzko's num»ers, how- 
ever, are generally lower than values reported by 
Helmberger, although the two data sets are not 
directly comparable; one is reported in calendar 
years and the other in academic years, One problem 
with Office of Education data is the muitiplicity of 
codes. For example, in some years these data in- 
clude separate Ph.D. fields in agriculturzl business, 
agricultural and farm management, natural resource 
management, and agricultural economics. Fur- 
thermore, the number of agricultural economics de- 
grees recorded by the U.S. Office of Education 
does not necessarily include economics degrees 
with agriculturally oriented dissertations granted by 
some departments regularly listed in the AJAE. Use 
of AJAE lists avoids an explicit definition of what 
agricultural economics encompasses. The proce- 
dure implicitly reflects whatever concept individual 
departments use to identify degree recipients for 
the AJAE. 


Changes in Total Degrees over Time 


The more complete tabulation indicates the same 
secular pattern of change as Schotzko's data. That 


is, output increased from an average of 115 per year 
in the early 1960s to just under 200 per year in the 
late 1960s. Then it declined to about 160 per year 
during 1975—77 (table 1). ` 

The output peak probably occurred shortly after 
1968-70, according to Schotzko’s data. The total 
number of Ph.D.s apparently exceeded 200 per year 
a couple of times during the early 1970s before 
declining sharply in the mid-1970s. Thus, after an 
expansion of over 75% from the early 1960s, total 
Ph.D. output declined by approximately 20% be- 
tween 1968-70 and 1975-77. 

Despite the decline during the 1970s, the total 
number of Ph.D.s awarded in 1975—77 was approx- 
imately 40% larger than during 1961-63. The sharp 
decline in the 1970s contrasts with the expansion 
projected by Helmberger and demonstrates the 
hazards of extrapolating trends. Adjusting pub- 
lished data to account for nonreporting institutions 
suggests an average of slightly under 175 Ph.D. 
degrees per year for 1978 and 1979.2 Thus, the 
sharp reduction of the early 70s may have ended. 


2 Estimates of 185 for 1978 and 163 for 1979 assume that the 
total output of nonreporting institutions changed from 1975-77 by 
the same proportion as that of reporting institutions. 
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Changes in Composition of Ph.D. Degrees 


Practically all of the increase in total Ph.D.s in 
agricultural economics between 1961-63 and 1975- 
77 was foreign students.) About the same number 
of domestic students were receiving Ph.D.s in the 
late 1970s as in the early 1960s. Foreign students 
increased from 21% to approximately 43% of 
Ph.D.s awarded for the years under examination. 
These proportions are consistent with those of 
Schotzko. Most of the foreign student increase was 
from Asia, Cencral America, and South America. 

The number of foreign students increased slightly 
between 1968-7) and 1975—77 in the presence of an 
overall decline :n total degrees. This increase was 
substantially below the growth experienced be- 
tween 1961-63 and 1968—70. 


Geographical and Institutional Output 
Characteristics 


Universities in the North Central region continue to 
account for most of the Ph.D. degrees awarded in 
agricultural economics, although that region's shere 
has declined from 63% to 44%. Since the early 
' 1960s, the relative shares for the South and West 
have continually increased. The Northeast share 
increased substantially between 1961-63 . and 
1968—70 but then declined slightly between 1968—70 
end 1975-77. Some of these changes reflect several 
new Ph.D. programs initiated during the period. Six 
institutions without any Ph.D.s during 1961-63 ac- 
counted for some degrees in 1968-70. Three addi- 
tional institutions awarded degrees іп 1975—77.* 
The North Central region continues to award the 
largest number of Ph.D.s per institution per year. 
Except in the West, the average number of degrees 
per program declined between 1968-70 and 1975-77 
as a consequence of the decline in total degrees and 
the expansion in number of institutions offering a 
Ph.D. Except in the North Central region, the aver- 
age program size was larger in 1975-77 than in 
1961-63. р 
Despite variation іп the total number of dezrees 
granted during the three periods, the set of institu- 
tions comprising the ten largest programs has been 
quite consistent, although individual rankings have 
fluctuated.5 Berkeley, Cornell, Illinois, Iowa State, 


3 In order to tabrlate the number of Ph.D.s granted to domestic 
and foreign students, pricr academic training of each individual 
was used for classidcation purposes. Those who had a bachelor's 
degree from an institution outside the United States were 
classified as foreign students. A few individuals without bachelor 
degree information were considered to be foreign students if they 
received a master's degree outside the United States. This scheme 
ted to a clear classification for all but nine students with missing 
undergraduate information. These nine individuals were not 
classified as either foreign or domestic students. As a result of this 
classification scheme, data in table 1 must be interpreted with 
caution. 

^ A new program at Utah State reported 4 and 7 graduates in 
1978 and 1979, respectively. . 

5 More detailed tabulations of data in table 1 for each university 
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Michigan State, Ohio State, Purdue, and Wisconsin 
were in this set in each of the three periods. Min- 
nesota was included twice and the following were 
included once: Davis, Chicago, North Carolina 
State, Oregon State, and Washington State. The 
institutions appearing most frequently in the top ten 
are very similar to those of the 1950s identified by 
Nichols. 

` The degree of concentration among institutions 
within the Ph.D. agricultural economics producing 
industry has decreased during the last two decades. 
In 1961-63, the ten largest programs accounted for 
70% of all U.S. Ph.D. degrees in agricultural eco- 
nomics. In 1975-77, 55% were awarded by the elev- 
en largest.© A similar trend was observed earlier 
by Nichols and is consistent with changes in general 
economics reported by Spellman and Gabriel, and 
Boddy. New Ph.D. programs initiated since the 
early 1960s accounted for approximately 17% of the 
total agricultural economics degrees awarded in 
1975-77. 

All but two of the thirty-five institutions included 
in table 1 are public institutions. Two private in- 
stitutions, Chicago and Stanford, accounted for 
slightly over 4% of the total degrees in 1975—77 
compared to 5.5% in 1961—63. This indicates con- 
tinued dominance of public institutions in granting: 
Ph.D.s in agricultural economics noted earlier by 
Nichols and Hathaway. 


[Received September 1980; revision accepted 
May 1981.) 
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and information about sources and migration patterns of Ph.D. 
students are available in another report (Schrimper). 
6 Illinois and Oregon. State tied for tenth spot in 1975-77. 





Projected Replacement Needs for Agricultural 


Economists: Reply 


Ralph T. Schotzko 


Schrimper’s comment suggests that some clarifica- 
tion of procedures is required. Three specific points 
are mentioned by Schrimper as being problematic. 
These problem areas are (a) exclusion of Ph.D. 
degree holders who received degrees prior to 1951; 
(b) the assumption regarding foreign recipients of 
U.S. Ph.D. degrees during 1951-54, inclusive; and, 
(c) the problem of under-reporting in the AJAE. 
Each will be addressed in sequence. 

Schrimper's concern about the impact of pre- 
1951 recipients on the replacement estimates is un- 
founded. The 1966 Handbook-Directory provided 
the base data. All Ph.D. degree holders listed for 
whom year of birth information was available were 
included. The confusion appears to have been 
caused by the non-reporting inflation factor. The 
inflation was based on U.S. degree recipients for 
the period 1951—66, inclusive. 

It is recognized that problems exist in using any 
Handbook-Directory for this type of analysis. 
However, as indicated in the original note, the 1966 
Handbook appears to contain the largest percent- 
age of U.S. degree recipients among the available 
alternatives. 

In the original note, it was assumed that all Ph.D. 
degree recipients during the period 1951-54 were 
U.S. citizens. This assumption affects the size of 
the nonreporting inflation factor (No). 

Schrimper argues that ignoring the foregn recip- 
ients from 2596 of the years included in the inflation 
factor will cause a significant bias. He argues fur- 
ther for an assumption of 2296 foreign recipients 
during the 1951—54. 


Ralph T. Schotzko is an extension economist with the Coopera- 
tive Extension Service, Washington State University. 


Changing the assumption about foreign recipients 
during 1951—54 affects both the numerator and the 
denominator of the inflation factor. The inflation 
factor will increase, decrease, or remain the same 
depending on the relative changes in the numerator 
and denominator. 

Recalculating N, assuming 2596 foreign recipients 
during the period 1951—54, and, that they are listed 
in the 1966 Handbook in the same proportion as 
foreign recipients during 1955-66, changes the 
value of N, from 1.37 to 1.34. The effect of this bias 
is shown in table 1, columns 1 and 4. Column 1 
contains the attrition levels presented in table 4 of 
the original note. Column 4 of table 1 shows the 
effects of changing N, from 1.37 to 1.34 and apply- 
ing it to the original data. The new value of N, 
reduces the number of vacancies caused by attrition 
by nine over the 15-year period. All of the reduction 
occurs during the 1980s, an average of less than one 
per year. 

Schrimper's third point is valid for two reasons. 
During the late 1960s, degree recipients were listed 
throughout the year, not just in the May issues of 
AJAE. The degree recipients listed in the “оГ? 
issues were not included in the original note. 

Columns 2 and 5 in table 1 contain the estimated 
attrition levels incorporating the lists of degree re- 
cipients from the non-May issues of the AJAE. Re- 
gardless of the assumption concerning N, the im- 
pact is relatively small. Spreading the difference 
between either columns 1 and 2 (10 positions) or 
columns 4 and 5 (3 positions) over fifteen years 
shows the minor impact of the additional data. 

The May listings were checked against Hand- 
book-Directory information, wherever possi- 
ble, to minimize incorrect year of degree informa- 














Table 1. Alternate Estimates of Attrition Rates 
Number of Vacated Positions 
N, = 1.37 No = 1:34 
Original New 20% Original New 20% 
Data Data Adjustment Data Data Adjustment 
1975-80 250 254 258 250 251 255 
1980-85 299 300 307 294 294 300 
1985-90 413 418 432 409 4il 424 
Total 962 972 997 953 956 979 
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tion. Checks for double listing of recipients were 
also made. 

The problem of nonlisted recipients provides a 
classic example of the problems inherent with sec- 
ondary data. No precise measure of the effect of 
nonlisted recipients is possible. However, by mak- 
ing two assumptions, it is possible to evaluate the 
sensitivity of the estimation procedure. 

Assume: (a) that nonlisted recipients durirg 
1967-75 are 2095 of the listed recipients (Schrim- 
per's survey indicates this to be a reasonable 
estimate), and (b) that the age distribution of 
the nonlisted recipients is the same as the listed 


Amer. J. Agr. Econ. 


recipients. The attrition levels in columns 3 and 6 of 
table 1 are based on these assumptions. Over the 
fifteen years, the average is less than two additional 
vacancies per year. However, over half of the in- 
crease occurs in the last five years. 

In terms of impact, the problem of nonlisted re- 
cipients is most important. However, even a 20% 
increase in recipients increases attrition vacancies 
by only about 2.5%. The apparent robustness of the 
estimation procedure indicates that the interval of 
uncertainty suggested by Schrimper may be fairly 
narrow. 

[Received May 1981.] 


Perfect Aggregation and Disaggregation of 
Complementarity Problems: Comment 


Antonio Guccione 


In a recent article in this Journal, Paris proposes 
new and interesting results on the aggregation of 
programming models. In particular, he claims to 
have weakened the perfect consolidation conditions 
suggested by Day for linear programs and by 
Oguchi and Guccione for quadratic programs, while 
retaining their formal framework. His claim is not 
completely valid. To illustrate, the aggregation of 
von Thiinen’s model is briefly considered as an 
example. : 

In his classic paper on consolidating linear pro- 
grams, Day postulates a macromodel that is a com- 
plete miniaturization of the corresponding mi- 
crosystems. The purpose is to construct a smaller 
model, easier to understand and manipulate than 
the underlying disaggregate ones. Thus, all the 
weighting functions relating microvariables (mi- 
croparameters) and macrovariables (macroparame- 
ters) are defined prior to aggregation. In addition, 
the aggregation weights are economic constants, 
rather than arbitrary multipliers determined en- 
dogenously by the consolidation algorithm. Spe- 
cifically, the consolidated net revenue vector is re- 
stricted to fixed convex combinations of the corre- 
sponding disaggregated vectors. This permits all the 
usual economic interpretations of the weights. That 
is, on a priori grounds, all microvectors may be 
equally weighted, some reference to scale intro- 
duced, or another economically relevant definition 
adopted. The resource macrovector is a simple sum 
of corresponding microvariables. The technological 
matrix is defined as a convex combination of mi- 
crotechnologies. Again, the weights are fixed prior to 
aggregation, allowing a clear interpretation of the 
macroproblem. The aggregated primal and dual 
variables are similarly defined. 

Consider Paris’s claim that Day’s aggregation 
conditions can be relaxed. It is easy to show that 
the two frameworks are different. In particular, 
Paris’s macrotechnology A, is not the same as 
Day’s. Early in Paris’s paper, the matrix A, is as- 
sumed to be a linear combination of the mi- 
crotechnologies. Later, the matrix of weights, U, is 
replaced by the non-unique matrix U*, rendering A, 


a purely formal construct. Because fewer con- ` 


straints are now imposed on the consolidation al- 


Antonio Guccione is a professor of economics at the University of 
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He wishes to thank W. J. Gillen and a careful referee for their 
helpful comments. 


gorithm, the solution conditions become less re- 
strictive. If the aggregator U is not replaced by U*, 
and if the elements of U are properly defined, then 
the results are not essentially different from Day's. 

Since the matrix A, is constructed differently in 
the two approaches, the. corresponding macrosys- 
tems have different interpretations. In fact, the pre- 
cise meaning of Paris's macromodel is not always 
clear. Under some circumstances his algorithm may 
generate the same weights as Day's. Occasionally, 
the weights may be interpretable, ex post, in some 
other way. However, they are frequently uninter- 
pretable. Paris (p. 684) tries to rationalize his aggre- 
gated technology in terms of "'efficiency units,” 
claiming that this interpretation is equivalent to 
Day’s. Unfortunately, the notion of ''efficiency 
units" is ambiguous, and may be meaningless. In 
any case, an ex post interpretation is not, logically, 
equivalent to an ex ante definition. 

Similar comments can be made for the aggrega- 
tion of quadratic programming models. Oguchi and 
Guccione prove the impossibility of miniaturiza- 
tion. Paris shows that consolidation with variable 
weights is possible. 

The aggregation of von Thünen's mode! (sum- 
marized by Dunn) will illustrate the implications of 
different assumptions on the weights. Although the 
analysis is general, consider the location of two 
agricultural industries on a flat, undifferentiáted 
plain, containing a single market point. These two 
industries are characterized by (a) fixed prices of 
the outputs [р and р] and the non-land input 
(P2); (b) production functions of the form 


(0 zz y! 


хо = xi?/ a, 0 = xo" / ay? , a, a, > 0, 


where i = 1,2, хо, x,, xy? are, respectively, out- 
put, land, and non-land inputs of industry i; (c) 
transportation costs defined as 


WM QU y UO) 
Рз Xs Хо, 


where i = 1,2. рз? is the (given) cost of moving one 
ton of good i one mile, and where x," is the distance 
in miles from the market place; and (4) rent 
maximization. Under these assumptions the first 
industry will locate within a circle around the mar- 
ket. The second will locate in the complement of a 
larger circle around the market, provided that 


[ро — as” р/а; > [р ~ a,?p,1/a, 


[p/a] < [p/a P]. 
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It is easy to compute the amount of land utilized 
and the output produced by each industry. 

An aggregate model in which the two industries 
are collapsed into a single one is obtained as fol 
lows. The production function is written as 


Xo = Xi/di = хаз, 
where 


a, =a D aj! + a P aj, a iP, a 2 
= O,a (9 + a , 2 = 1, 


and i = 1,2. The micro and macro input variables 
ar2 related by 


Хр = xf? + xi, 


were i = 1,2. Aggregated output, its price, and its 
transportation cost are given by і 


Xo = (1) хе? + B (2) xo”, B ов (2) > 0, 

Po Ly po? + y? ру, у, у 2 > 0, 

рз = 8 (1) рз? + ô (2) рз D $ 0$ о > 0. 
Probably the most natural definitions of these 
weights are 

of? = af? = 1/2, 

B® p? Xo/ (D)? xa + ро?) Xo), 

y? = Bo Ko? /[ Bol” KY + po? 09], 

8 = BO [KK], 
where in each case i = 1,2, and the overbar refers to 
a base situation. The problem here is to identify 
conditions under which equal values of the уал- 
ales x, and хо can be obtained solving the aggre- 
gated model directly or, alternatively, solving first 
the disaggregated model for x”, x,, xé”, xo? and 
then consolidating them. To test when perfect 
aggregation of land is possible, consider the condi- 
tions under which the following unit rent functions 


will have the same solution for (maximum) distance 
f-om the market: 


Upo? — a4? р/а} — [ps/a,] x3” = 0, 
[Wo — аг po)/ai] — (ps/ai) хз = 0. 


Imposing хз = x3”, rearranging terms, and using the 
definitions of the macrovariables po, рз, and аз pro- 
duces the following equation: 


(1) a’? Pops ag’? ex Bp, + § 2р2) 


=> оь) Рз] paa»? = [у'?р 9 + ype} рз?) 
Ре [5 (0p, + $'2p,??] po? 


Notice that the variables ро”, p,?, ps‘, рз??' аге 
exogenous and that the multipliers а", a), y”, 
у 22,80,59 must be treated as fixed for miniaturiza- 
tion. Thus it is impossible to choose values of the 


Amer. J. Agr. Econ. 


coefficients a, and a»? which satisfy equation (1) 
for all possible patterns of the exogenous variables. 
However, land can be perfectly consolidated con- 
straining the exogenous variables to satisfy equa- 
tion (1). Consider aggregation over outputs. The 
definition of aggregate output and the production 
function imply the equation 


X; = pi [а/а] xy +B [a;/a;?} ху), 


For perfect aggregation, then, the following rela- 
tions must be satisfied: 


(2) B® [а/а] = B? [a/a] = 1. 


In general, equation (2) will not hold because the 
constants 8 and В ? are exogenous to the consoli- 
dation scheme. In summary, miniaturization is pos- 
sible under constraint for land, but it is impossible 
for outputs. 

Consider, now, free-weights aggregation. Since 
the choice of values for the weights is open, equa- 
tion (1) can be satisfied without any restriction on 
the prices. Similarly, the multipliers 8® and B® can 
be selected to make relation (2) hold. However, if 
the exogenous variables change, the weights must 
be recomputed. Moreover, the meaning of the 
aggregates becomes obscure. For example, it is im- 
possible to interpret the variables xo, po, and p; in 
terms of Laspeyres indexes. 

In conclusion, as in the case of regression models 
(see Tintner and Sonderman, and Fisher), we must 
distinguish between ‘consolidation with fixed 
weights and consolidation with variable weights. 
The choice between these approaches depends on 
the goals pursued by the researcher. Complete in- 
terpretability of the aggregate model requires fixed 
weights. However, if interpretability of some sub- 
set of the macroparameters is not wanted, then the 
corresponding weights may be treated as variables, 
and aggregation becomes easier. Indeed, there 
seems to be a trade off between (ex ante) inter- 
pretability and the stringency of the corresponding 
consolidation conditions. It is illegitimate, there- 
fore, to compare aggregation requirements which 
correspond to difference assumptions on the 
weights. 


[Received January 1981; revision accepted 
April 1981.] 
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Perfect Aggregation and Disaggregation of 
Complementarity Problems: Reply 


Quirino Paris 


Aggregation is an empirical problem. It arises when 
a researcher does not wish to or cannot handle the 
information specifying the microproblem under 
study. In either case, aggregation entails loss of 
information. In such circumstances, it seems plaus- 
itle to search for procedures that minimize this 
loss. 

Although seldom discussed in the literature, dis- 
aggregation is intimately related to the aggregation 
problem. After performing the desired analysis on 
the aggregate model, often there is the necessity of 
apportioning the implementation of the preferred 
macrosolution among distinct microagents. 

If it were possible to find a one-to-one relation 
between the micro- and the macrospaces ‘the 
spaces of the disaggregate and consolidated prob- 
lems, respectively), loss of information would 
occur neither in the aggregation nor in the disaggre- 
gation processes. However, because the micro- 
space is much wider than the macro counterpart, 
only a portion of the information contained in it can 
be transferred to the macrospace (via aggregation) 
and back (via disaggregation). This is the reason for 
requiring aggregation under constrained consis- 
tency. In empirical problems, not all points in the 
microspace are of interest because they may be, de 
facto, either irrelevant or inaccessible. Accord- 
ingly, a researcher determines, problem by prob- 
lem, the portion of the microspace that is relevant 
fcr his study. Under this careful reduction, it mey 
be possible to establish a one-to-one correspon- 
dence between the micro and the macrospace. This 
is the essence of constrained consistency. 

Information is transferred back and forth bz- 
tween the two spaces by means of aggregation and 
disaggregation operators (matrices). The more gen- 
eral these matrices, the larger the quantity of infor- 
mation that can be preserved in the aggregation and 
d:saggregation processes. Conversely, the simpler 
the aggregation matrices, the greater the informa- 
tion loss. Matrices composed only by ones and 
zeros are the simplest aggregation operators, carry- 
ing the least amount of information. 

A related aspect of the discussion is whether or 
not the aggregation problem should be ''solved"' 
once and for all (with a ‘‘solution’’ reputed хайс for 
any empirical problem), or whether it should be 
reconsidered each time, in relation to the given 
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empirical problem under study. It seems clear that 
by opting for Day's approach, Guccione wishes to 
“solve” the aggregation problem once and for all. 
Because this goal is very (too) ambitious, he is 
compelled (as was Day) to admit to consistent 
aggregation only very simplified and improbable 
microstructures such as those in which all firms 
have identical technologies and proportional con- 
straint vectors. 

If, on the other hand, a researcher really consid- 
ers aggregation and disaggregation as empirical 
problems, he is contented to solve them case by 
case. Thus, aggregation matrices suitable for one 
problem will have different structure, numerical 
components, and meaning in another problem. To 
me, all this seems perfectly reasonable. 

Does this mean that in my approach weights are 
variable, as repeatedly asserted by Guccione? No. 
The weights (the aggregation matrices) are fixed for 
any given empirical problem. In other words, for 
any set of fixed aggregation and disaggregation ma- 
trices as defined in my paper, only those microstruc- 
tures that satisfy the conditions of the aggregation 
theorem will admit consistent aggregation. This 
point is clearly illustrated by the numerical example 
of tables 1 and 2 in the original paper. Using the 
same aggregation matrices presented in table 2 and 
defined a priori (as Guccione claims aggregation 
ought to be performed), three sets of revenue and 
constraint vectors (exogenous variables in Guc- 
cione's terminology) were selected to show consis- 
tent aggregation and disaggregation. Obviously, 
one could choose an infinite number of such vectors 
and perform consistent aggregation using the same 
weights, as long as these vectors satisfy the con- 
strained consistency assumption. 

Incidentally, that numerical example illustrates 
consistent aggregation of a quadratic programming 
problem. Together with another example spe- 
cifically developed in the text, it should lay to rest 
the question raised by Oguchi and Guccione 
whether or not the dual variables in quadratic pro- 
gramming can be consistently aggregated. 

Many assertions are enunciated by Guccione, 
few of which I can agree with. Most of the points 
raised in his comment were anticipated in my origi- 
nal paper. Five of Guccione's statements, however, 
deserve rebuttal. They relate to (a) the alleged dif- 
ference between Day's framework and mine, (b) 
the economic interpretability of weights, (c) the 
interpretability of aggregate quantities, (d) the 
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definition of aggregate technology, and (e) the ex- 
ample of a von Thiinen economy. 

(a) Day’s framework is a special case of mine. 
This much is admitted also by Guccione. Only in 
this sense are they ‘‘different.’’ I prefer to consider 
my suggestion as a generalization. 

(b) Guccione limits the economic interpretability 
of weights to the set of numbers composed by ones 
and proportions. He refuses to recognize the use- 
fulness of efficiency units. This is surprising. Not 
only did agricultural statisticians pioneer the use of 
efficiency units to obtain an aggregate measure of 
child, male, and female labor; but, more recently, 
efficiency units have become an important notion 
for measuring any input subject to technical prog- 
ress. The alleged ambiguity of efficiency units can 
be reduced not by eliminating the units, but by their 
careful definition. They are certainly necessary in 
the aggregation of nonhomogenous resources. 

(c) The interpretability of aggregate quantities 
seems to me more important than the economic 
interpretability of weights. In this regard, the 
framework I suggest should be irreproachable be- 
cause every aggregate relation is defined exclu- 
sively in terms ofthe corresponding microrelations, 
and no problem of interpretability arises. This point 
is discussed and illustrated in detail in my paper. 

(d) According to Guccione, an aggregate tech- 
nology makes sense only if ‘‘defined as a convex 
combination of microtechnologies.’’ This is clearly 
unnecessary. In aggregating input-output tables, for 
example, the consolidated technology is composed 
of the row and column sums of the microsectors’ 
coefficients. He is also incorrect when writing that 
the matrix A, in my paper is assumed to be a con- 
vex combination of microtechnologies. Such a ma- 
trix is defined throughout as A, = W'AD, where W 
and D are nonnegative aggregation operators. This 
expression is obviously not a convex combination 
of A, the microtechnology. 

(e) The von Thiinen example merely indicates the 
need for aggregation under constrained consis- 
tency. Guccione asserts that ''if the exogenous 
variables change, the weights must be recom- 
puted.” He then concludes that the weights in my 
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paper are variable. J already pointed out that, in my 
approach, the aggregation matrices are fixed be- 
cause one can change the exogenous variables 
without changing the weights. 

Aggregation remains a largely unsolved empirical 
problem. Knowledge of the most general and flexi- 
ble mathematical structure by which a researcher 
can define his model is a prerequisite for progress 
toward a solution. It is important to suggest that 
this solution should take into account the implied 
degrees of freedom problem. In general, it seems 
convenient to avoid that the specification of ag- 
gregation and the choice of weights more than 
exhaust the degrees of freedom, as in the von Thü- 
nen's example of Guccione. In most empirical prob- 
lems, such a choice is possible under constrained 
consistency, while preserving the economic inter- 
pretability of both weights and aggregate relations. 
Guccione's comments may be evaluated within this 
context. 


[Received May 1981.] 
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Editor’s Note 


A correction is necessary in equation (5) on page 
304 of the May 1981 issue of the Journal. This 
equation, in the ‘‘Reply” written by Mittelhammer 
and Young, should be as follows: 


J+ 
1+ 7 





(5) 0=а=2) -aT -K+ 
Also, in the two lines below equation (5) on page 
304, X',,.; and X,,, should be x',,, and хп, respec- 
tively. 


Books Reviewed 


Dewney, W. David, and John K. Trocke. Agribusi- 
ness Management. New York: McGraw-Hill 
Book Co., 1981, x + 459 pp., price unknown. 

The book is written for those interested in an ag- 

ribusiness career. The authors’ stated purpose is to 

provide a textbook for a 1-3-term undergraduate 
ccurse. It might also serve as a reference book for 
agribusiness managers in large and small jirms. 

The book is crganized into five sections, which 
vary greatly in length and subject matter coverage. 
Part 1 addresses the role and organization of аз- 
riculture. Part 2 deals with financial management 
and control of the firm. Part 3 is devoted to agribusi- 
ness marketing. The next section, only 22 pages, 

2als with production processes for a firm. Part 5, 
aiso short, concerns managing human resources in 
business. Àn appendix to the book is designed to 
belp individuals obtain jobs in agribusiness man- 
agement. Last, the book contains a detailed glos- 
sary. 

Overall, the book covers a broad subject retker 
well. However, the coverage of some specific sub- 
jects is spotty. For example, the two chapters on 
management of human resources are thorough and 
well done, but the chapters on economics touch on 

many important concepts without explaining why 
they are important. 

Chapter 13 gives scanty coverage to the tools of 
decision making in marketing. Chapter 14 tells a 
prospective agribusiness firm employee what the 
sales profession is like, and Chapter 15 is a 
thorough description of the selling process. 

Instructors whose courses involve econom:cs, 
accounting, and finance generally find it hard to 
locate a textbook which fits their needs. Dowaey 
and Trocke nc doubt will help many such instruc- 
tors. Other instructors will find some chapters use- 
ful as specific references. Still others may find the 
book an acceptable text after they rearrange the 
order and coverage of some topics. 

The potential value of this book as a reference is 
mixed. Some material may be too shallow to be of 
much reference value. Yet, other topics are treated 
thoroughly. The glossary can be quite helpzu! for 
those without recent formal training in this general 
area. The section on economics may cause prob- 
lems for those not already well-versed in the sub- 
ject. The statement, ‘‘In a perfectly competitive 
free market system, profits should not exist" (p. 
81), may come as a shock. Moreover, the difference 
between an accountant's and an economist's view 
of profits is not well explained. 

There are many good points in the way material is 
handled, and the book is well-written. The writing 
style is more like an informal conversation than a 
formal presentation. Each chapter begins with a 


detailed set of objectives and each is summarized 
concisely. Each chapter ends with a challenging set 
of discussion questions and a well-defined case 
problem. The preface indicates that an instructor's 
manual is available, but it was not available for this 
review. 

Agricultural extension specialists in agribusiness 
management certainly should read the book. Sec- 
tions of the book provide ready-made material for 
workshops and short courses. No doubt many will 
find the book a welcome addition to their shelves. 


Travis D. Phillips and 
G. Wayne Malone 
Mississippi State University 


Forster, D. Lynn, and Bernard L. Erven. Founda- 
"ions for Managing the Farm Business. Colum- 
bus, Ohio: Grid Publishing Co., 1981, xii + 351 
рр., $23.00. 

This is a textbook for introductory farm manage- 
ment courses. It is one of several new offerings in 
the field, after two decades of little innovation. The 
topics covered in Foundations for Managing the 
Farm Business are typical of other texts currently 
in print. It offers a bit more material on estate 
planning (a separate chapter), but a bit less than 
others on such topics as tax management, strategies 
for avoiding or managing risks, and miscellaneous 
records, such as maps and livestock and machinery 
records. 

The strength of the book lies in the richness of 
detail and example that is provided throughout. The 
chapter on financial statements, for example, in- 
cludes an example of each type of statement as it is 
introduced, followed by a complete set of annual 
statements for a hypothetical farm. The chapter on 
budgeting includes not only some examples of par- 
tia. budgeting, but also eleven separate enterprise 
budgets for an array of crop and livestock activities. 
Institutional detail is not neglected, either, with a 
very nice graph of marginal tax rates for individuals 
and corporations, tables of federal estate and gift 
tax rates, and sample contracts for farm-leasing 
arrangements. The attention to detail is also 
reilected in the average of fourteen or so questions 
at the end of each chapter. These questions are 
relevant to the material and provide a good balance 
of recall and problem-oriented questions. 

The layout of this text is not as refined as those of 
its competitors, and this detracts from the readabil- 
ity of the book, as does the writing style of the 
authors. The writing style is occasionally lively and 
usually straightforward, but generally tends to be 
laborious. 
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Treatments of some of the topics are particularly 
pleasing to this reviewer: the extended treatment of 
estate management, the frequent application of par- 
tial budgeting, and the frequent reference to oppor- 
tunity costs (especially in evaluating ‘‘assets in 
place’’). On the other hand, the treatment of sev- 
eral other topics is not so pleasing. The section on 
analyzing the farm business describes a number of 
financial ratios and efficiency ratios, but there is 
little explanation of how these ratios are to be used 
in analyzing the business. No standards of perfor- 
mance are offered, and the authors lamely conclude 
that common sense and good judgment are required 
to interpret such numbers. The capital budgeting 
chapter offers not a single comment on the phe- 
nomenon of inflation and how to deal with it in 
evaluating a capital investment decision. It is prob- 
ably appropriate that the authors emphasize the net 
present value criterion here, but they-offer no com- 
parative evaluation of this criterion with other 
common criteria such as payback period or inter- 
nal rate of return. On the question of choosing a 
discount rate for present value calculations, the 
authors recommend using the average rate of return 
on assets, which is an unfortunate departure from 
their otherwise persistent adherence to the princi- 
ple of opportunity cost. Finally, the chapter on the 
difficult subject of labor management strikes this 
reviewer as being weak. It includes some helpful 
material on planning the labor calendar, on training, 
and on learning patterns. But the section on motiva- 
tion relies heavily on McGregor’s Theory X-Theory 
Y, Maselow’s hierarchy of needs, and Herzberg’s 
hygiene-motivational analysis of job satisfaction. 
Perhaps it is important for students to be aware of 
these points of view, but it seems doubtful that the 
material presented is sufficient to improve students’ 
labor management skills. The text could well have 
included more material on the possibilities of 
profit-sharing arrangements, on the use of fringe 
benefits, and on issues in labor-capital substitution. 

On balance, this book will certainly be of value to 
students and teachers of farm management. At $23, 
it is the most expensive of several available texts. 
Given its strengths and shortcomings in comparison 
with other texts, most instructors probably will 
wish to use it as a reference rather.than as the 
primary text. 


Richard K. Perrin 
North Carolina State University 


Kay, Ronald D. Farm Management: Planning, Con- 
trol and Implementation. New York: McGraw- 

Hill Book Co., 1981, xiii + 370 pp., $17.95. 
This book, proposed as an introductory farm man- 
agement text, discusses many traditional areas 
` and emphasizes application of economic principles 
for analyzing practical problems and the use of 
budgeting techniques for planning and choosing 
among alternatives. In contrast to many earlier 
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farm management texts, it places less emphasis on 
analyzing the details of specific -types of farm deci- 
sions. The book contains no specialized chapters on 
crop and livestock management decisions and dis- 
cusses superficially, if at all, such topics as rota- 
tions, soil conservation, livestock replacement de- 
cisions, feeding rations, and finishing weights of 
animals. The book is oriented more to the presenta- 
tion of fundamental concepts, with less emphasis 
on rules of thumb and “‘seat of the pants” philoso- 
phy that has characterized many earlier farm man- 
agement texts. The book has a relatively heavy 
emphasis on the financial aspects of farm decisions 
and, like several recent farm management books, 
contains several chapters traditionally considered 
to be the province of farm accounting and farm 
business analysis courses. 

The book is organized around three basic func- 
tions. of management: planning, control, and im- 
plementation. Nineteen chapters are divided into 
five units. Part 1 includes only one chapter and 
deals with the management function. Part 2 in- 
cludes five chapters classified together under the 
title of planning. This section includes the basic 
concepts of marginal analysis and cost common to 
recent farm management texts. Coverage of rele- 
vant economic notions is relatively complete but 
the depth of coverage may be insufficient for stu- 
dents with little or no economic background. In- 
structors may need to supplement these chapters 
with more illustrations and perhaps supplementary 
readings. Three chapters of part 2 are devoted to 
the budgeting processes: enterprise, partial, whole 
farm, and cash-flow. The sections on crop and live- 
stock enterprise budgets are particularly well done, 
perhaps the best discussion of this topic available. 
However, the concept of profit is incorrectly and 
loosely used as equivalent to net farm income in 
chapter 5 even though it was properly defined in 
chapter 4. Whole-farm budgeting is handled in a 
manner that some will consider a short-cut ap- 
proach and utilizes the concept of gross margins 
obtained from enterprise budgets as the basic build- 
ing block of the farm plan. No suggested planning 
formats are presented for estimating specific crop 
and livestock expense, seasonal labor balances, 
feed production-requirements balances, or ma- 
chinery cost. d 


Part 3 addresses the control function of manage- 
ment and includes two financial-oriented chapters 
dealing with use of balance sheets and income 
statements and two chapters on farm business anal- 
ysis and farm records. 

Part 4 includes six chapters on the acquisition 
and management of resources. One chapter discus- 
ses the pros and cons of different forms of business 
organizations, 2 topic not usually included in farm 
management texts. The section also includes two 
financial chapters dealing with credit use and in- 
vestment analysis. Separate chapters follow on land 
use, labor management, and machinery manage- 
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ment. Labor efficiency and farm work simplifica- 
tion are inadequately covered. The discussion of 
machinery management is well-organized and com- 
prehensive. 

Part 5 includes three chapters on miscellaneous 
topics—income tax management, risk and uncer- 
tainty, and professional farm management. The 
chapter on professional farm management will be 
usezul to some but this space could have been better 
used to discuss more central issues. 

A. relatively short farm management text is bound 
to have some omissions. Little or no mention or 
discussion deals with farmstead planning, exit and 
entry processes, marketing alternatives and strate- 
gies, environmental concerns, and government 
prcgrams that impact on farm planning and re- 
source control decisions. 

Despite the criticisms above, this is an excellent 
addition to tbe available farm management texts 
and is likely to be widely adopted. The examples, 
illustrations, and topics considered are not re- 
gicnally specific. The level of sophistication with 
respect to basic economics and quantitative tools is 
modest. The book is unusually well written in a clear, 
systematic, and concise manner. The narrative pro- 
ce2ds in a logical fashion often following a num- 
bered series of points or issues to be discussec. 
Each chapter opens with a numbered list of objec- 
tives to be pursued and ends with a summary and a 
set of questions for review and further thought. The 
reference list and data sets are current and appro- 
priate. This proposed text could be used with a 
minimum of supplemental readings, a condition of 
considerable appeal to students. Parts 1 and 2 are 
essential building blocks for the text. Chapters in 
other units could easily be reordered or omitted 
with little or no loss of continuity or understanding. 


Luther H. Keller 
University of Tennessee 


Lichfield, Nathaniel, and Haim Darin-Drabkin. Land 
Policy in Planning. Boston: George Allen & Un- 
win, 1980, viii + 321 pp., $39.95. 

The main theme of this book is that plans are meant 

to be implemented and the concern of the authers is 

to see how the implementation process works and 

Low it might be improved. For the purpose of the 

took, planning refers to local physical development 

planning; and it is the British experience that is 
under scrutiny. Britain is often looked to for its 
developed planning process, but the reason for its 
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ment. À further boost to the planning process in 
Britain was provided by the need to rebuild large 
areas of several cities following World War II bomb 
damage. In their search for better plan implementa- 
tion, the authors turn for guidance not only to past 
British experience but to experience in other coun- 
tries also. One chapter and a substantial appendix 
are devoted to the latter. 

The book divides into three sections, the first of 
which is largely of an iritroductory nature and is, I 
feel, the most disappointing part of the book. In a 
book such as this, concerned as it is with policy 
implementation, much underlying theory must be 
taken as given, with references provided to specific 
texts. To attempt to deal with such general prob- 
lems as the economics of market failure in an intro- 
ductory section does not do the subject justice and, 
as here, often gives an air of superficiality. This is a 
pity because the rest of the book is indeed stimulat- 
ing. The third section comprises just one chapter 
and presents the authors' ideas on how to reduce 
the plan-implementation gap and, thus, to improve 
the implementation process. Section two forms the 
core of the book. 

At the end of the introductory section, the au- 
thors conclude that, ‘‘planning in a mixed economy 
has to aim at planned development, which recog- 
nises the role of the market but seeks to control it 
towards social ends” (p. 99). The second section is 
about how this planned development has been 
achieved in Britain. Running through the central 
part of the book is a secondary and fascinating 
theme concerning the question of equity, or dis- 
tributional effects, of the various planning policies. 
Land policy planning has two distinct but not 
wholly separable components. It seeks to improve 
allocative efficiency in land use but must be seen to 
do so in an equitable manner. The inefficiency of 
unplanned piecemeal development and the effects 
on land values of various land use policies are 
served by well-developed theory and may thus be 
termed international in character. The treatment of 
the equity effects of what in Britain is termed bet- 
terment and in U.S. parlance as windfall and wipe- 
out is, on the other hand, distinctly national and 
specific to given societies. It seems that such 
societal views may well be time-specific as well 
because, as this section of the book shows, British 
policy at difierent points in time has viewed these 
equity effects differently. On the allocative side, the 
main issues seem to be whether negative planning 
or planning control is sufficient to guarantee 
planned development or whether planning au- 

iti d to become involved in a positive 
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haps the lesson from this section is that this is an 
area of economic policy where there can be no 
bipartisan concensus. 

Overall, the book is marred by poor produc- 
tion—several quotations are unattributed, printing 
errors remain, and the footnotes to chapter five 
appear to be wrongly numbered. The book has a 
disappointing introductory section but a stimulating 
central argument, and it is hoped by this reviewer 
that the former will not detract from the latter the 
wide readership that it deserves. 


Richard R. Barnett, 
University of York, England. 


Murdock, Steve H., and F. Larry Leistritz. Energy 
Development in the Western United States. New 
York: Praeger Publishers, 1979, xix + 363 pp., 
price unknown. 

Rising real energy prices during the 1970s, in con- 

cert with federal policies to encourage energy inde- 

pendence, greatly accelerated fossil fuel explora- 
tion and development in the energy-rich western 

United States. Not surprisingly, the accompanying 

rapid infusion of population and development capi- 

tal into primarily isolated agrarian communities 
placed severe strains on existing social, economic, 
and institutional structures. Concern over negative 
impacts on rural communities, as manifested in an 
abundance of impact study funds, spawned a great 
deal of impact assessment research. This book at- 
tempts to pull together in one volume some basic 
observations and generalizations from this growing 
body of literature. Specifically, the intent of the 
authors is ‘‘to provide an overview of the major 
dimensions of the social, economic and demo- 
graphic impacts of energy development on rural 

areas in the western U.S.” 

The content and structure of the book, as well as 
the writing style, suggest a broad audience. The 
text is readable and should prove useful not only to 
economists but also to interested social scientists 
and policy makers. In terms of content, the early 
chapters of the text (1-3) provide the reader with an 
introduction to some of the unique physical, histor- 
ical, and institutional aspects of the rural West 
which impinge upon community response to energy 
development. The central chapters (4-9) contain a 
more detailed discussion of specific effects asso- 
ciated with rapid development, such as demo- 
graphic changes, alterations in the existing economic 
base due the imposition of development projects 
and increased demands on community services. 
The concluding chapters (10-12) attempt first to 
integrate the descriptive material from previous 
chapters into a research framework using examples 
from fairly comprehensive demographic-economic 
models and then lead the reader through the myriad 
of federal and state programs which may provide 
mitigative assistance to developing communities. A 
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particularly useful feature of each chapter is a short 
terminal section which presents generalizations for 
the region drawn from the site-specific data bases 
and assessment efforts reported in each chapter. 

A limitation of most impact assessment work is 
that the trade-off between meeting short-term in- 
formational needs and developing a more general 
body of knowledge appears to have been decided in 
favor of specific short-term needs. A strength of 
this text is that it deals with somewhat broader is- 
sues of community development rather than mere 
data collection and description. By dealing with 
assessment impacts in this broader context, the au- 
thors provide some conceptual rigor to assessment 
research as well as identification of serious data 
gaps and problems associated with extending 
localized study results to entire regions or states. 

There are few shortcomings worth noting. The 
authors cite numerous ex ante assessment studies 
on specific communities to arrive at a range of 
plausible development effects; yet no ex post in- 
formation (on actual effects) is provided to place 
the accuracy of these assessments in perspective. 
An evaluation of the relative predictive ability of 
some of these specific assessment efforts would 
allow the reader to judge the value of information 
provided to decision makers. 

In discussing social impacts, the authors point 
out that such assessments by sociologists are often 
descriptive at best, with little attempt to impart any 
form of theoretical structure to the problem area. 
To a lesser extent, the same appears to be true 
about the assessment of the effects within the econ- 
omist’s purview. While the authors attempt to pro- 
vide some. suggestions as to an integrating mecha- 
nism, the impact assessment area still appears 
plagued by a lack of formal structure. 

Finally, an unavoidable problem associated with 
any effort of this type is that development is con- 
tinuing (at perhaps an accelerated pace), compared 
with the period over which the incorporated analy- 
ses were generated. Hence, events and literature 
that have evolved in the ensuing two years are not 
included. One would hope, however, that the valid- 
ity of the generalizations remains intact. 

Overall, this book proves to be a useful, descrip- 
tive synthesis of the types and magnitudes of com- 
munity effects being experienced in many parts of 
the western United States. Indeed the major con- 
tribution of this book is to identify common themes 
from the rather diverse set of site-specific research 
and assessment studies and thus expand the general 
level of knowledge on this topic. While the authors 
readily admit that a complete presentation of im- 
pact issues and previous research is beyond the 
scope of one book, they have succeeded in gleaning 
a number of important generalizations from the lit- 
erature which are suggestive of the range of effects 
as well as future directions for assessment research. 


Richard M. Adams 
University of Wyoming 
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Randall, Alan. Resource Economics: An Economic 
Approach to Natural Resource and Environmen- 
tal Policy. Columbus, Ohio: Grid Publishing 
Company, 1981, xiii -- 415 pp., price unknown. 

Resource Economics: An Economic Approach tc 

Natural Resource and Environmental Policy is in- 

tended as an undergraduate text. It includes much 

of intermediate microeconomics, welfare econom- 
ics, exhaustible and renewable resource theory, 
water economics, and environmental economics. 

Otner topics are covered as well—each of them 

briefly. 

The author's Preface explains much of the way 
the book was written. ‘‘Such courses [in Natural 


Resource Economics] often attract a diverse group . 


of students" (p. xii). The book is simultaneouslv 
pitched to the professional economists and the 
freshman environmental studies major. One grcup 
or the other usually loses out. The freshman will not 
find the discussion of option value or consumers' 
su-plus helpful, while the senior economics major 
will find the discussion of the Faustman formula too 
simple. The discussion of Marshallian and Hicksian 
demand, I believe, pleases no one. But, there are 
the (many) parts that are just right for everyone. 
My favorite was the distinction between compen- 
sating and equivalent variation—a difficult concept 
concisely explained. 

The book's philosophical orientation, ''If there 
were no need for resource and environmental pol- 
icv, there would be no need for applied resource 
economics" (p. xi), is carried through much of the 
book. The sections on environmental economics, 
and particularly the Tellico Dam case study, tie 
resource economics to environmental policy. The 
discussion of the Hotelling-Clawson-Knetsch trans- 
pcrt cost procedure and the hedonic valuation of 
air pollution procedure were similarly infused 
with a (somewhat jaded) practitioner's viewpoin:. 
Randall is clear on what these things can and cannot 
dc. 

Disappointing to me were the sections on renew- 
able and exhaustible resources. A scant eighteen 
peges explain minerals, fish, and forests. All tke 
interesting deta:ls—such as the capital theorv- 
traditional fisheries debate, or the redundancy of 
salmon fishery gear—are lost. The book presenis 
only the capita: theory rule for exhaustible re- 
scurces and does not really explain how such re- 
sources enter the analysis. Forestry is described 
only as an optimization problem; the institutions 
and their rules of thumb, which are policy, are 
neither described nor analyzed. 

Where the author's contribution is uneven, the 
publisher's is not. The typeface and layout are so 
inferior that I would rather read the Federa! Regis- 
ter. 

In summary, Resource Economics: An Economic 
A»proach to Natural Resource and Environmental 
Policy is a long book of uneven quality written to 
rrany different audiences. 


Peter Berck 
University of California, Berkeley 
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Redman, Barbara J., and John C. Redman. Mi- 
croeconomics: Resource Allocation and Price 
Theory. Westport, Conn: AVI Publishing Co. 
1981, ix + 289 pp. price unknown. 

The authors state in the preface they have "found 

that many beginning graduate students who either 

transferred from other fields of study, such as ag- 
riculture, mathematics, psychology, sociology, 
etc., or did not have the opportunity to pursue 
economics to the level usually expected of begin- 
ning graduate students need a beginning course on 
an intermediate level covering some of the basic 
principles of economics necessary to analyze prob- 
lems which are economic in nature. For such 
courses, we hope that this volume will lessen the 
burden for both the instructor and the students.” 

Unfortunately. the authors did not achieve their 

objective. 

Ап intermediate microeconomics textbook 
should have two characteristics. First, it should 
cover the material relevant for an intermediate mi- 
croeconomics course. Second, the discussion should 
be lucid and provide insights to enhance the read- 
ers’ understanding of the material. This book re- 
ceives a passing mark on content. However, it re- 
ceives a failing mark on lucidity. 

Apparently neither the authors nor the publisher 
took seriously their editing responsibilities. The 
sixty-six word sentence in the above quote is indi- 
cative of the authors’ writing style. 

Readability is to some extent judgmental. There- 
fore, the book’s entire section on income elasticity 
is qucted so that prospective readers can make their 
own judgment about the book’s potential as a 
textbook. 

“The level of income has a substantial effect on 
the amount of a given commodity a person will 
purchase. The income elasticity (Ej) gives a numer- 
ical indication of the responsiveness of a consum- 
er’s purchases of a commodity to a change in in- 
come. It may be defined as 


E, = 


relative change in quantity of commodity purchased 
relative change in income 





or E; = dq/q + 41/1 which is equivalent to 
(dq/dl)(I/q). This concept explains how the pur- 
chases by a consumer of a given commodity change 
as income changes with prices remaining constant. 
The income elasticity can have various positive or 
negative values. For example, if a 1% increase in 
income causes a 5% increase in the amount of 
commodity X purchased, the E; for commodity X 
would be a 5; if a 1% increase in income causes a 
0.2 or a 0.3% increase in quantity, as is apparently 
the case of food, the E; would be 0.2 or 0.3 which 
means that commodity X is normal since E; is posi- 
tive. All income elasticities of normal goods are 
positive, and income elasticities of inferior goods 
are negative. A commodity with a negative income 
elasticity is one for which an increase in income - 
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leads to a decrease in the amount purchased. Some 
food commodities such as potatoes have a negative 
income elasticity. If the E; of demand for a com- 
modity is greater than one, it indicates that an in- 
creasing proportion of the consumer's income is 
spent on the commodity as the income increases. 
Likewise, if the E; is less than one, the proportion 
of income spent on the good falls as income in- 
creases. It has been suggested that un:tary income 
elasticity can be considered roughly as the dividing 
line which separates luxury commodities from 
those in the necessity category. Under this sugges- 
tion, those commodities with income elasticities 
greater than one would be luxuries and those with 
income elasticities less than one woukd be neces- 
sities. 

"In cases where exactly all of the increase in 
income is spent on the commodity, the income elas- 
ticity is equal to the reciprocal of the proportion of 
the consumer's income spent on the commodity. 
Thus, 

1 

kX 

where АХ refers to the proportion of the income 
spent on X. This means that if a person is spending 
5% (1/20) of his or her income on X and if the 
person has a 1% increase in income and spends it all 
on X, he or she will increase the expenditure on X 
by 20%, thus giving an E, of 20 for commodity X. If 
less than all of the increase in income is spent on X, 


then the E; < —1 and vice versa" (p 141). 


The final chapter discusses general equilibrium. 
The reader is more likely to be confused than en- 
lightened by this chapter. In fact, the final para- 
graph of the book indicates that the anthors may 
have confused themselves on this topic. 

“It is beyond the scope of this book on (static) 
resource allocation and price theory to debate the 
relative merits of allocative vs. dynamic efficiency 
if these must be incompatible, especially in the ab- 
sence of much hard evidence and the abundance of 
value judgments required concerning the priority of 
present vs. future generations’ consumption, but 
the importance of dynamic efficiency to static re- 
source allocation cannot be denied" (p. 289). 

The book contains the standard microeconomic 
topics. However, it does have more of an agricul- 
tural orientation than most microeconomic text- 
books. Unfortunately, this orientation does not 
overcome the other shortcomings of the book. 


J. Bruce Bullock 
Oklahoma State University 


E = 


Thomas-Lycklama à Nijeholt, Geertje. Or: the Road 
for Work: Migratory Workers on the East Coast of 
the United States, Series on the Development of 
Societies, vol. 7. Boston: Martinus Nijhoff Pub- 
lishing , 1980, xii -- 211 pp., $16.00. 

The primary objective of the book as stated by the 

author is to combine ''statistical data analysis with 

descriptive reports on the workers' lives and work" 
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(p. x). The first two chapters and part of the fourth 
are devoted largely to descriptive reports while the 
fifth and sixth chapters are the statistical data an- 
lysis. The third chapter describes the political and 
legislative climate, yet no mention is made any- 
where of the extensive CETA 303 programs. The 
book ends with a conclusions and policy implica- 
tions chapter. The author closes by noting two con- 
ditions which must be met to improve migratory 
farm workers’ future: (a) "effective government 
measures must be implemented to halt the entry of 
new, economically weak workers into the migra- 
tory farm labor stream" (p. 181), and (b) strong 
unions must be created to increase the bargaining 
power of workers relative to employers (p. 192). 
The book offers a particular perspective on farm · 
labor, but its lack of balance and sound analysis 
preclude its usefulness for policy making. Most im- 
portant, no consideration is given to evaluating 
trade-offs between various groups affected by pol- 
icy changes. 

The first part of the book dealing with descriptive 
reports of farm workers freely mixes quotations 
from published works with the author's own obser- 
vations on farm workers. Particularly disturbing is 
the intermingling of reports from the 1930s through 
the 1970s without discerning changes which have 
taken place over time. For example, the Depart- 
ment of Labor's Annual Worker Plan is given a 
great deal of credit for coordinating employment 
between states, as supported in 1955 and 1959 pub- 
lications. It is, however, not recognized by the au- 
thor that during the 1970s, employment arrange- 
ments have been coordinated largely outside the 
formal system with the Annual Worker Plan falling 
into virtual disuse (Kirschner). 

The second section of the book presenting statis- 
tical data analysis is seriously lacking in depth. The 
data utilized in this section were collected in four- 
teen states under regional project NE-58; greater 
reliance on original sources would have eliminated 
unnecessary redundance.! In presenting descriptive 
material, the author chooses to present the raw 
sample data. A discussion of the more appropriate 
estimated population characteristics, recognizing 
the stratified random sampling procedure can be 
found in manv of the original NE-58 publications. 

Migratory workers are compared with nonmi- 
gratory workers on the basis of estimated earnings 
relationships for each set. The estimated relations, 
however, are at best only a description of the two 
portions of the sample rather than a representation 
of the respective structures. First, the author exam- 
ines relationships linear in earnings when it is well 
documented that the log of earnings is the appropri- 
ate specification (Mincer). Also ignored is the ex- 
tent to which migratory workers have chosen to 
migrate because their earnings are greater than if 
they do not migrate, and vice versa, i.e., selectivity 
bias. Both sexes are included in the same earnings 


! The author was not associated with that group. 
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relationships with only a dummy intercept shifter 
wken the common practice is to estimate separate 
mzle and female earnings relationships. Finally, no 
attempt was made to carry out a simple F test for 
significant differences between the migratory and 
nonmigratory relations. 

The author claims to have found evidence of dis- 
crimination. The support is based on the coet- 
ficients of the ethnic group dummy variables in 
the earnings regressions. While it may be true that 
there is discrimination, the analysis in support of 
the argument needs a great deal more structure. 
Not only are the earnings relations not well spec- 
ifisd, but no effort was made to draw upon the 
economic discrimination literature and examine, 
for example, market discrimination coefficients 
(Becker). 

The final exercise in examining the fourteen-szate 
data was to present no fewer than nineteen two- and 
three-way classification tables to distinguish mi- 
gratorv from nonmigratory workers. The conclusion 
is drawn that ethnicity is the determinant factor in 
migration (p. 157). Rarely are we able to draw such 
sharp conclusions; one can only wonder why the 
relatively limited tabular analysis was done razher 
than a more appropriate multivariate analysis. 

If one is looking for an economic analysis of farm 
workers, it will not be found here. In this reviewer's 
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opinion, the book falls far short of meeting the 
original objective of combining descriptive reports 
with statistical data analysis. To truly combine the 
two approaches would require drawing inferences 
and observations from the same samples: Not only 
are these different samples, but the time frame dif- 
fers considerably in many cases. Moreover, the 
author's own interspersed observations often de- 
viate considerably from the current farm labor mar- 
ket and conditions. 


Robert D. Emerson 
University of Florida 
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Necrology 


Ira W. Arthur, professor of economics at Iowa State University, died in June 1981. He was 88. 


Murray Reed Benedict, retired professor of agricultural economics, University of California, 
Berkeley, died in September 1980. He was 88. 


James Bowring, retired resource economics professor, University of New Hampshire, died in 
November 1980 at 69 years of age. 


Emer E. Broadbent, professor emeritus of livestock marketing, University of Illinois, died at age 
65 in October 1980. 


Siegfried V. Ciriacy-Wantrup, professor emeritus of agricultural economics, University of 
California, Berkeley, died in October 1980. He was 74. 


Arthur G. Conover, retired economist with USDA, died at age 68 in November 1980. 


Noah S. Hadley, professor emeritus of agricultural economics, Purdue University, died at age 
75. 


Howard Laird Hall, international economist with USDA, died in October 1980. He was 65. 


William F. Henry, professor of resource economics, University of New Hampshire, died in July 
1981. He was 66 years old. 


Elton B. Hill, emeritus professor of agricultural economics, Michigan State University, died in 
December 1980. 


William Frank Hughes, retired USDA resource economist, died in July 1980 at age 70. 


Sidney Ishee, professor of agricultural and resource economics, University of Maryland, died at 
age 55 in October 1980. 


Oscar B. Jesness, professor emeritus of agricultural economics, University of Minnesota, died in 
November 1980. He was 91. 


M. Slade Kendrick, retired professor of economics and agricultural economics at Cornell 
University, died in June 1980 at 85 years of age. 


E. Fred Koller, professor emeritus of agricultural and applied economics, University of Min- 
nesota, died in September 1980. 


Adrian H. Lindsey died at age 84 in May 1981. He was professor emeritus at the University of 
Massachusetts. 


Daniel Upton Livermore, professor emeritus of £ agricultural economics, Virginia Polytechnic 
Institute, died in October 1980. 


James C. McCall, extension director in St. Lucie County, Florida, died at age 59 in July 1980. 


Gene McMurtry, associate director of extension, University of Massachusetts, died in January 
1981 at age 55. 


Dharm Narain, director of the Production Program at IFPRI, died at age 55 in October 1980. 


Edmond A. Perregaux, emeritus professor of agricultural economics, University of Connecticut, 
died in April 1981, at 86 years of age. 


Robert Cooke Ross, retired professor of farm management at the University of Illinois, died in 
September 1979 at age 83. 


Snider William Skinner, retired international economist with USDA, died in October 1980. 


Arlyn R. Staroba died in January 1981 in an automobile accident. He was extension associate at 
North Dakota State University. 
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P Mexico's When Раш Lamartine Yates’ two-volume El Campo Mexicano first 
Eo appeared in Spanish in 1978, its recommendations for Mexico’s economy at- 
f © Agricultural tracted immediate attention. An advisor to that country's government and ag- 
Ec Dilemma riculturalists since 1957, Yates offered г challenging blueprint for the future— 


one which confronts the dilemma of developing a self-sufficient agricultural 
base versus maintaining a favorable balance of trade. 

Yates’ insights into our neighbors’ predicament are now made avail- 
able to a broader audience with the publication of Mexico's Agricultural 
Dilemma. Adapted and updated from El Campo Mexicano, this English- 
language abridgement focuses on every aspect of the Mexican economy in 

, pursuit of that dilemma's resolution. His recommendations touch on new 
i sources of land, necessary technological changes, better manpower utiliza- 
tion, more flexible agrarian reform, credit expansion to stimulate investment 
. all drawn into an overall consideration of the need to meet food consump- 

tion trencs foreseen for the 1980s. 
Oil has become a major factor in the dilemma: whether to use the 
leverage it creates in international markets to import needed food or foster 
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University improvements within the agricultural sector. That decision will have a crucial 

of Arizona impact on U.S.-Mexican relations—inasmuch as our agricultures are both com- 

Р petitive aad complementary—as well as implications for other oil-rich countries 
ress in similar straits. — . 

Highly readable and refreshingly objective, this book offers long-term 

P.O. BOX 3698D solutions to problems that transcend Mexico's borders. No one concerned with 


TUCSON, ARIZONA 85722 international economics can afford to ignore them. 
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Professor, Department of Agricultural Econom- 
ics, University of California, Davis, 1959 to 
date; Michigan State University, 1953-58; 
Vice-chairman/Chairman, 19€0-66 and 
1976—present. 

Vice-president, American Farm Economic As- 
sociation, 1965—66. 

President, Western Agricultural Economics 
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1962-65. 
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AFEA, 1954; Outstanding Research, 
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Consultant: USAID, USDA, Congress of the 
United States, various agricultural firms. 


Ben C. French has made distinguished contribu- 
tions to the profession in research, teaching, and 
administration. His standards of excellence are 
recognized by his students, readers of his re- 
search reports, and by the faculty and adminis- 
trators of his institution. 

French was born in California in 1923. His 
academic work was at Berkeley, where he com- 
pleted his B.S., M.S., and Ph.D. degrees. He 
joined the faculty at Michigan State University 
in 1953, and, in 1959, returned to the University 
of California-Davis. 

His research is noted for its depth and innova- 
tiveness. The landmark Hilgardia monograph 
on economic efficiency in plant operations, co- 
authored with Sammet and Bressler, was devel- 
oped from his award-winning thesis. The 





influence of this research on the profession is 
documented in his excellent review article in 
Survey of Agricultural Economics Literature, 
volume 1. His research papers reflect a con- 
tinued interest in efficiency in agricultural mar- 
keting in areas such as assembly cost functions 
(article republished in Readings in the Econom- 
ics of Agriculture), subsector model analysis, 
and pricing efficiency with long-term contracts. 
Another focus of research is on applied econo- 
metric studies, where his supply response spec- 
ification for perennial crops has been recognized 
as particularly innovative. In spite of teaching 
and administrative duties, his research contribu- 
tions continue to explore new paths, such as the 
quantitative analysis of marketing control pro- 


grams. 
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Ben French is a dedicated teacher at both the 
undergraduate end graduate levels. One has but 
to borrow his lecture notes to see the thoughtful 
ard rigorous development of the subject matter. 
He has developed new courses and openei 
areas for research using a systems approack. 
Ph.D. thesis students, with Ben on the commit- 
tee, have learned to expect no-holds-barred re- 
view comments, good-natured encouragement, 
and firm guidance. Many of his former students 
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now hold prominent positions in universities, 
businesses, and government. 

Of his twenty-two years at Davis, eleven 
years have been as chairman or vice-chairman. 
During these two decades, strong programs 
have developed at both the graduate and under- 
graduate levels, due in no small measure to 
Ben's contributions. His contributions in re- 
search, teaching, and service to his university 
and the profession continue to be substantial. 
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nesota, 1953 to date. Professor, Depart- 
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tural History Society, 1962-63; Commit- 
tee on Long-Range Land-Use Planning, 
National Planning Association, 1979 to 
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Member, Board of Directors, American Ag- 
ricultural Economics Association, 1975— 
78. 


Philip M. Raup has been an effective 
classroom teacher, an insightful researcher, a 
student of world agriculture, and a provoca- 
tive public speaker. He has traveled and lec- 
tured widely, served in an advisory role in 
local, state, and federal governments, contrib- 
uted broadly to his profession, and collabo- 
rated with international agencies. 

Phil Raup was born in Kansas in 1914. His 
education included an A.B. in economics at 
the University of Kansas, and an M.S. and 
Ph.D. at the University of Wisconsin. After a 
year as a research fellow at the Brookings 
Institution, he entered military service, even- 
tually serving four years in the Office of Mili- 
tary Government for Germany in Berlin. He 
joined the faculty of the University of Wiscon- 





sin in 1949, leaving in 1953 for the University 
of Minnesota. 
Raup has taught courses in land economics, 


.Jand tenure, and world agricultural develop- 


ment. He has sensitized students to the impor- 
tance of institutional arrangements, while fas- 
cinating them with his broad knowledge of 
people and facts. He has influenced genera- 
tions of students, both domestic and foreign, 
and has taken а keen.interest in their later . 
careers. 

Professor Raup's catholic interests, broad 
reading, and sharp intellect make him widely 
respected in the University community. He 
often serves on graduate committees in nu- 
merous other academic departments. His abil- 
ity to challenge audiences to think differently, 
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and thereby to reason, has made him much in 
demand as a oublic speaker in the United 
States as well as other countries. Even when 
people disagree with him, they still respect the 
mental refurbishing he caused them to do. 

Raup’s research over the years has been 
far-reaching. His quest for facts and flair for 
detail make him a veritable walking ency- 
clopedia of knowledge on world agriculture. 
His research has been consistently relevant to 
сспіетрогагу policy issues, and he has a 
unique talent for searching out data to illumi- 
nate a relationship or challenge a widely held 
belief. 

Raup is one of this nation's few scholars cf 
tbe agriculture in Eastern Europe and the 
Soviet Union. As a member of a multidiscipl- 
nary team, he has visited the same locations in 
the Soviet Union on a regular basis over a 
twenty-year period. Among other publica- 
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tions these visits led to, a book, The Changing 
Structure of Europe: Economic, Social, and 
Political Trends, he coauthored with four of 
his University of Minnesota colleagues. 


For many years Raup had an important 
influence on land economics work in the 
United States, particularly the North Central 
region, where he was an active member of the 
North Central Land Tenure Research Com- 
mittee (NCR-6). He also has participated ac- 
tively with city and state government, the 
USDA, FAO, the European Commission on 
Agriculture, and the World Bank. 


Raup has had a long and productive career. 
He has been a prolific writer and public 
speaker, has demonstrated excellence in many 
fields of agricultural economics and to world 
agriculture. He has added to our knowledge in 
significant ways. 
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Public Affairs, Michigan Stete Univer- 
sity, 1974—79. 

Chairman of the Michigan Agricultural Mar- 
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present. 


James D. Shaffer is an intellectual leader anda 
truly innovative scholar in the agricultural 
economics profession. Not content with con- 
ventional economic theory and its application 
to contemporary economic problems, he con- 
stantly seeks new approaches to the solution 
of difficult social problems. He has been un- 
usually creative in drawing upon ideas and 
concepts being developed in several social 
sciences. Through his extensive writing, 
teaching, and interaction with other profes- 
sionals he has stimulated and influenced poli- 
cies and programs in food system organization 
and public policy. 

Shaffer was raised in Michigan. He received 
his Ph.D. at Michigan State University and 
has been a faculty member there since 1949. 








Shaffer's career has reflected a strong com- 
mitment to the missions of the USDA/land 
grant university system. Early in his career, 
Shaffer attracted attention for his pioneering 
work on consumer behavior and demand for 
food. He worked closely with Dr. Gerald 
Quackenbush in the development and opera- 
tion of the MSU Consumer Panel which 
served as a basis for many publications on 
food purchasing patterns and the socioeco- 
nomic factors underlying the demand for food. 

In the 1960s, his research interests shifted 
toward policy questions in the organization 
and performance of the U.S. food system. He 
has become a national leader in developing 
new approaches to marketing research. His 
1968 working paper concerning publicly sup- 
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1981-82 President 


Professor and Head, Department of Agricul- 
tural and Applied Economics, University 
of Minnesota, 1979 to date. 

Professor, Department of Agricultural Eco- 
nomics, Purdue University, 1959-79; 
and program advisor, Ford Foundation- 
Brazil, 1966—72. 

Director, Center for Public Policy and Pub- 
lic Administration, Purdue University, 
1977-78. 

Senior Staff Economist, President’s Council 
of Economic Advisors, 1974—75; Deputy 
Undersecretary for International Affairs 

.and Commodity Programs, USDA, 
1978-79. 

Award for outstanding Ph.D. thesis, AAEA, 
1961; Professor Honoris Causis, Federal 
University of Vicosa, Brazil, 1965; award 
for outstanding published research, 
AAEA, 1971; special Homenagen, Brazil- 
ian Society of Agricultural Economics, 
1973; award for best article published in 
American Journal of Agricultural Eco- 
nomics, 1974; award for distinguished 
contribution to policy, AAEA, 1979. 

Director, American Agricultural Economics 
Association, 1977-80; chairman, Awards 
Committee for Published Research, 
1969-70. 

Elected a Fellow, American Academy of Arts 
and Sciences, 1977. 


G. Edward Schuh has been professor and 
head, Department of Agricultural and Applied 
Economics, University of Minnesota, since 
1979. Previously, he was professor of agricul- 
tural economics at Purdue University from 
1959-79. 

Schuh was born on a vegetable farm outside 
of Indianapolis, Indiana. He received a B.S. 
from Purdue University in 1952 and an M.S. in 
agricultural economics from Michigan State 
University in 1954. After two years of military 
service he entered the University of Chicago, 
receiving an M.A. in economics іп 1958 and a 
Ph.D. in 1961. 

Schuh joined the agricultural economics 





faculty at Purdue University in September 
1959. While on the Purdue faculty, he served 
as visiting professor at the Federal University 
of Vicosa in Brazil, 1963-65, as program ad- 
visor to the Ford Foundation in Brazil, 1966— 
72, and as first director of the Center for Public 
Policy and Public Administration, 1977—78. At 
Purdue he taught graduate level courses in 
advanced production economics, agricultural 
policy, applied econometrics, research meth- 
odology, welfare economics, and economic 
development. His research concentrated on 
supply response, agricultural factor markets, 
agricultural and trade policy, agricultural de- 
velopment, and rural poverty. 
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Schuh spent a 1968-69 sabbatical as re- 
search fellow at the Development Advisory 
Service, Harvard University. He was a senior 
staff economist with the President’s Council of 
Economic Advisors, 1974-75, and Deputy 
Undersecretary for International Affairs end 
Commodity Programs, USDA, 1977-78. He 
nas been a consultant to the USDA, to “he 
Ford Foundation in India and Brazil, to che 
International Agricultural Research Centers, 
to the Consultative Group for International 
Agricultural Research, and to other univer- 
3ities and international organizations. 
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Schuh received the Association’s award for 
Outstanding Doctoral Dissertation in 1961, for 
Outstanding Published Research in 1971, for 
Best Journal Article in 1974, and Distin- 
guished Policy Contributions in 1979. He was 
named Professor Honoris Causis at the Fed- 
eral University of Vicosa in Brazil in 1965 and 
received a special Homenagen from the Bra- 
zilian Society for Agricultural Economics in 
1973. In 1977, he was elected a Fellow of the 
American Academy of Arts and Sciences. 


General Sessions 


Economics and International Relations: A 
Conceptual Framework 


G. Edward Schuh 


The world which is rising into existence is still half encumbered by the remains of the 
world which is waning into decay; and amids: the vast perplexity of human affairs, none 
can say how much of ancient institutions and former manners will remain, сг how much 


will completely disappear. 


Economics has experienced a number of 
mini-revolutions in the post-World War II pe- 
riod. We have absorbed the revolution of 
mathematics and quantitative techniques. 
Capital theory has been transformed as we 
broadened it to include human capital, with all 
the new insights this more inclusive concept 
has provided to the theory of income distribu- 
tion, trade theory, and the theory of economic 
development (Schultz 1964, Becker). We have 
revitalized our insights into the family and the 
household with the new household economics, 
rooted in the insights of Becker and Lancaster 
but going back at least to Margaret Reid. We 
are constructing a microeconomic bzse for our 
macroeconomic theory. We have reincorpo- 
rated the ''political' into political economy. 
And we finally are beginning to recognize that 
if economic entities are really as rational as we 
assume, they create serious problems for pol- 
icy makers—an idea pointedly brought to our 
attention by the rational expectaticns school 
(Lucas and Sargent). 

An important challenge still before us, how- 
ever, is to understand the emerg-ng world 
economic system and to devise the institutions 
that can make it more orderly. The theme of 
this paper is that within the corpus of econom- 
ics, we have the conceptual and quantitative 
tools to understand this complex new world 
and to design a more orderly, efficient, and 
equitable international economic system. 
Moreover given the importance of agriculture 
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G. Edward Schuh is Head, Department of Agricultural and 
Applied Economics, University of Minnesota. 

Grateful acknowledgement is made for helpful ccmments on an 
earlier version of this paper. 
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in the world economy, it is likely that food and 
agricultural issues will dominate the interna- 
tional dialogue in the decades ahead. Because 
of our own proclivity to address applied prob- 
lems, agricultural economists have important 
contributions to make in expanding that stock 
of knowledge. 

U.S. foreign policy has been in disarray for 
at least a decade. Part of this disarray is be- 
cause our relative political and economic 
power has clearly declined. At home our 
domestic institutions either were not designed 
for today's world, or they are evolving in di- 
rections that make it difficult (if not impossi- 
ble) for us to deal with the world that is emerg- 
ing. Perhaps uniquely among the democratic 
countries of the world, our president does not 
speak for a political party capable of being 
rallied to provide legislative support for his 
foreign policy—a phenomenon which baffles 
other countries. Within the federal bureau- 
cracy there is a proliferation of agencies which 
play a role in foreign affairs. Moreover, the 
executive branch no longer makes foreign pol- 
icy. It is made increasingly by a Congress that 
may be in opposition to the president, by the 
public through television and the newspapers, 
and even by the judiciary, as illustrated by the 
court challenge to our realignment of policy 
vis-à-vis mainland China and Taiwan. 

There are two maintained hypotheses in this 
paper. The first is that—contrary to popular 
belief—the world is not really changing in 
ways that are beyond our capacity to manáge 
or control. Thé world only appears to be out of 
control because we have not generated the 
knowledge that enables us to understand it and 
to manage it with wisdom rather than brute 
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political and economic power. The second 
maintained hypothesis is that many of the 
problems of international relations are funda- 
mentally problems of economic structure and 
economic relations. Therefore, the contritu- 
tion of economists is to assist policy makers in 
taking a strategic view of the world. However, 
economists to date have hardly addressed 
such questions. Equally as important, the is- 
sues before us go beyond trade and trade 
policy—important as those issues may be in 
their own right. 

I will attempt to sketch the elements of a 
conceptual framework that can serve as a 
guide in understanding the economic dimen- 
sion of our international relations and that can 
serve as a basis for structuring a more rational 
international econcmic policy. The intellectual 
foundation for a strategic conception of the 
world economy has at least four pillars: (a) 
development theory, especially that variant 
rooted in the zheory of human capital and the 
new household economics; (b) the new institu- 
tional economics: (c) neoclassical trade 
theory; and (d) the theory of endogenous gov- 
ernmental behavior. 

At least two of these provide us with a secu- 
lar perspectivz on the evolution of particular 
economies, their institutions, and the institu- 
tions which link them together. The third pro- 
vides a framework for understanding how an 
economy such as the United States relates to 
other national and supranational economies 
through trade and the international capi-al 
markets. The fourth provides a basis for un- 
Cerstanding the behavior of governments. 

It is worth emphasizing here how little at- 
tention economists trained in the neoclassical 
tradition give to the issues of longer-term 
growth and irtercountry relationships. How- 
ever, economists and other social scientists 
from different traditions have long given atten- 
tion to them. The theory of imperialism rooted 
in the work of Schumpeter and Baran aad 
Sweezy is an important example, as is the 
cependency theory of Frank and Cockroft, 
Frank, and Jchnson. Dependency theory has 
fallen into disrepute as growth rates in many 
countries of the ‘‘Periphery’’ have outpaced 
those in the ‘ Center.” 


Development Theory 
The contribution of development theory is the 


insights it offers to the changes that can be 
expected in :ndividual economies as they 
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undergo economic development. These in- 
sights have to do with changes in the sectoral 
composition of output of individual countries 
and, in turn, with the international division of 
labor. They also have to do with the interna- 
tional distribution of income and patterns of 
trace likely to emerge. 

Economists long have had notions of how 
the sectoral composition of output for an indi- 
vidual economy should evolve as it develops. 
List noted that as per capita incomes rise, 
labor would be transferred from the agricul- 
tural to the industrial sector. This tendency is 
one of the few universal constants one can 
identify as one looks across the range of coun- 
tries in the world (Johnston). This simple no- 
tion also can be inverted and used as a limited 
theory of development, with the obvious pol- 
icy prescription that labor should be removed 
from the low productivity agricultural sector 
and transferred to the high productivity indus- 
trial sector to obtain eocnomic growth. 

Baumol extended this idea to a classic 
model of stagnation by noting that as devel- 
opment proceeds beyond the industrial state, 
more and more resources are transferred into 
the service sector. Since he postulates that 
productivity growth in the service sector is 
limited, changes in the sectoral composition of 
output as growth proceeds lead to stagnation. 
The critical element in this theory is that labor 
is both the means and end of production. Ex- 
amples include the shift of labor from the as- 
sembly line to such activities as the perform- 
ing arts, teaching, and other service activities. 
All of these typically expand as a country de- 
velops. If the demand for such activities 
should be relatively price inelastic and they 
should have a positive income elasticity of 
demand, the composition of the economy will 
shift toward them as the economy expands, 
and productivity along with per capita in- 
comes will grow more slowly and ultimately 
stagnate. 

The Baumol perspective is clearly in the tradi- 
tion of early English economists. It is not pes- 
simistic, however, since equilibrium comes at 
high per capita income levels. The more recent 
stucies using macrosystem models (Forrester 
and Meadows et al.) are more directly in the 
early classical tradition. They point to an 
equilibrium dependent on increases in the ser- 
vice price of natural resources relative to capi- 
tal and labor. 

Schultz (19745) suggested a somewhat dif- 
ferent theory of equilibrium for the developing 
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economy that is still consistent with the 
Baumol perspective. Basing his ideas on 
Becker’s time allocation model and the new 
household economics, Schultz argues that the 
ultimate constraint to development is the limit 
that a twenty-four-hour day puts on the devel- 
opment process. Contrary to Baumol, how- 
ever, Schultz stands the classical world on its 
head. The ultimate constraint to development 
comes from limitations on time for the con- 
sumption of household-produced goods and 
services. This is a constraint within the house- 
hold not arising from limits on resources or 
rising costs in production. However, the 
Schultz equilibrium is also at a high income 
level. Moreover, this theory is richer since, by 
including children as consumption goods, it 
includes a population as well as an income 
equilibrium. 

Nerlove, although obviously in the Schultz 
tradition, provides a somewhat different 
perspective. He argues that productivity in the 
household, where both production and con- 
sumption take place, can be raised on a con- 
tinual basis. Because human capital is one of 
the main outputs of the household, further in- 
vestments in human capital actually increase 
the efficiency with which it can be produced. 
Hence, there is no reason for an equilibrium 
level of per capita incomes or population to 
exist.! 

The insight that comes from the develop- 
mental perspective is that the sectoral com- 
position of output changes as development 
proceeds. Moreover, the changes occur in re- 
sponse to the rising value of human time, 
which affects not only the structure of demand 
but the economic activities that are viable as 
an economy develops. Increases in Der capita 
income are the essence of economic growth 
and development. But increases in »er capita 
incomes lead to increases in the wage rate. 
The latter is significant for production both 
within the household and in the market place. 

With capital accumulation, the industrial 
sector of an economy can expand relatively 
easily so long as labor can be released from the 
agricultural sector at approximately a constant 
supply price. As this process continues, the 
wage rate will rise and the country will lose its 
comparative advantage in labor-intensive 
manufactured products. The industrial sector 


! Nerlove's model does predict declining rates of population 
growth and declining rates of infant mortality, the main features of 
the demographic transition. 
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will then decline, and the service and high 
technology sector will expand. Hence, indus- 
trialization is not the last stage of economic 
development; it is only a transition to a high- 
technology economy. 

Of course, the increases in per capita in- 
come shift the structure of demand from ag- 
ricultural output to industrial output to the 
demand for services and technology-intensive 
consumption goods. The road for the economy 
is not completely predictable, however, and 
one cannot be certain about how the sectoral 
composition of output will change or what the 
trade implications will be. U.S. agriculture, 
for example, has become a high technology 
industry and an important export sector for 
the United States.? Moreover, if capital can be 
substituted for labor, industrial activities may 
remain important as the wage rate rises, as the 
Japanese have demonstrated with their auto- 
mobile industry. 

These caveats aside, economic develop- 
ment exerts a powerful influence on the sec- 
toral composition of output and on the struc- 
ture of demand. This has important trade im- 
plications and, in turn, important implications 
for international economic relationships. The 
structure of demand for raw materials will 
change as development proceeds, as will the 
structural composition of aggregate demand. 

At present, we find ourselves looking back- 
ward and wanting to reindustrialize America. 
Even granted that there are strategic implica- 
tions involved, it surely is not in our best 
interest to turn back to a sectoral output com- 
position that was appropriate for the past. We 
would be better advised to identify and pro- 
mote those activities in which we have a com- 
parative advantage. At this juncture, they are 
high-technology, human capital-intensive in- 
dustries. 

The important point in this context is that 
the force of economic development, with its 
associated rising value of human time, drives 
the economy to a human capital-intensive 
configuration (Schultz 1974). Not to 
capitalize on that configuration is to fail to 
capture one’s comparative advantage. 

Another insight from development theory 
and the theory of human capital deals with 


2 This result is counter to the dependistas who argued that the 
LDCs would be exploited by the advanced countries by virtue of 
their having to exoort agricultural products and other raw mate- 
rials, for which they believed the terms of trade were declining, 
and importing manufactured products, whose terms of trade they 
believed were rising. See Prebisch and Singer, 
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population growth and its quality, both of 
which are important in a strategic sense. The 
theory argues that children, especially high- 
quality children, are time-intensive goods to 
produce. As per capita incomes rise, there is a 
strong quality component to the demand for 
zhildren. This means that quality of children is 
substituted for quantity as development pro- 
zeeds. The rising price of time associated with 
development exerts strong downward 
pressures on fertility rates. Whether this even- 
tually leads to a population equilibrium or 
merely a decline in the population growth rate 
is still an open, and probably empirical, cues- 
tion. 

The dynamics of population growth have 
several other dimensions which the United 
States will be facing in the next couple of 
decades. In cur case, for example, we can rot 
only expect z low population growth rate, but 
én aging of the population as well. We may 
well see a time when a predominant share of 
our populaticn is elderly. This has important 
implications “or the extent to which we want 
t» depend on a labor-intensive industrial sec- 
tor or import such goods. It also has important 
implications for our immigration policy. If we 
really do need to maintain some labor- 
intensive sectors for national security reasons, 
we may be much more willing to accept fcr- 
eign immigrants in the future. 

Finaly, the human capital perspective 
changes the view we take about size of popula- 
ton. Historically, size of population has been 
an important dimension to the political and 
economic power countries enjoy on the inter- 
national scene. But the human capital perspec- 
tive enjoins us to view labor in both qualitative 
and quantitative dimensions. Hence, numbers 
are only part of the story, and probably not the 
most important. Knowledge and the quality of 
the labor force become critical. They should 
receive attention as we assess the strength and 
power of other countries as well as our owa. 


The New Institutional Economics 


A body of literature has now developed from 
somewhat diverse sources which attempts to 
integrate the perspectives offered by the tradi- 
tional institutional economics and modern 
reoclassical economics (Hayami and Ruttan, 
Morth and Davis, North and Thomas, Schultz 
1968). This new perspective is described as 
the new institutional economics. Contrarv -o 
nzoclassical economics, disequilbrium is en 
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important characteristic. It argues that institu- 
tions and institutional change can be explained 
by past and present economic forces. This ob- 
viously has great import for understanding the 
development of particular economies and for 
understanding how individual countries relate 
to each Other. 

The institutional economics of John R. 
Commons was used to explain the evolution of 
economics and to analyze the effects of in- 
stitutions on resource allocation and the dis- 
tribution of income. The evolution of institu- 
tions themselves was explained in historical 
terms, with little room given to economic 
forces. Much of modern neoclassical econom- 
ics. on the other hand, pretends that institu- 
tions do not exist. 

An institution in the present context is a 
behavioral rule. Our interest, of course, is in 
those institutions that perform economic func- 
tions. These include institutions which govern 
control over resources and assets (such as pri- 
vate property rights), those that establish the 
framework for the production and distribution 
of public goods or services (educational in- 
stitutions, research organizations, judicial ar- 
rangements), and those which prescribe how 
countries relate to each other economically 
(trade agreements, for example). 

The contribution of the new institutional 
economics is to help us understand how in- 
stitutions influence the growth path of individ- 
ual countries, and how the pace and character 
of development, in turn, influence those in- 
stitutions. It provides insights into how inter- 
national institutions might evolve over time, 
while showing how those institutions might be 
better designed. It provides some basis for 
resolving the North-South debate which cur- 
rently disturbs relations between the United 
States and the less developed countries. 

One of the primary concerns of this 
paradigm is to explain nonmarket resource al- 
location, an important issue. The richness of 
the new perspective can be seen by the range 
of problems to which it has provided impor- 
tant insights. For example, Cheung, following 
Coase, argued that under competitive condi- 
tions private contracting between landowner 
and tenant would lead to the same resource 
allocation as if there had been competitive fac- 
tor markets for labor and/or land. This leads to 
a completely different approach to land tenure 
arrangements and to property rights in gen- 
eral. 

Hayami and Ruttan's work on induced 
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technical change pointed out how economic 
forces caused institutional change which then 
guides technological change onto an efficient 
growth path. The important insights from this 
research have generated additional work on 
efficient institutions and institutional change. 
(See Binswanger et al., and Ruttan, forthcom- 
ing.) Ruttan makes the important point that 
social scientists should produce institutional 
innovations in the same way that biological 
and physical scientists produce technological 
innovations. Their contribution to expanded 
income streams for society might be just as 
great in this role as is the contribution of the 
biological and physical scientist. 

North and Davis, and North and Thomas 
provide new historical interpretations of the 
development of the U.S. economy and of the 
western world as a whole. Institutions and 
induced institutional change play important 
roles in these new interpretations. Roumasset 
specifies an efficiency framework to explain 
patterns in institutional arrangements found in 
agricultural production. 

The new institutional economics has a num- 
ber of implications for a strategic conception 
of the world economy. In the first place, it 
should make us more sensitive to differences 
in institutional arrangements among countries, 
while providing more insight into the rationale 
for the differences that exist. 

Second, understanding the interactions be- 
tween economic forces and institutions can 
provide important insights into the particular 
development trajectory that countries might 
take. For example, institutional arrangements 
will determine what share of investment re- 
sources are channeled to the formation of 
human capital and what particular form that 
human capital will take. Important implica- 
tions for immigration and trade policy logically 
follow. Institutional arrangements also deter- 
mine how externalities (positive or negative) 
are internalized, with obvious implications for 
the sectoral composition of output and the 
proportions in which resources are used. In- 
stitutional arrangements will also determine 
whether the development process is focused 
onto an efficient or an inefficient growth path. 

An especially important class of related 
problems has to do with the future evolution of 
the centrally planned economies. Marxian 
thought may be inverted: centrally planned 
economics may have the seeds of their own 
destruction built into the system. The internal 
contradiction of the centrally planned econo- 
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mies may be rooted in the imperative to invest 
in human capital as a means to keep up with 
the more decentralized, industrial countries of 
the West. Such investments may lead the pop- 
ulation of these economies to develop new 
perspectives on their own institutions. Alter- 
natively, the failure to permit the appropriate 
institutional changes to take place may con- 
demn the centrally planned economies to a 
slow-growth trajectory. 


The new institutional economics also offers 
insights into the shape that economic and 
political unions might take. Economic unions 
typically occur when gains from trade can be 
internalized within a partial or complete politi- 
cal unification. Recognition of this explains 
why economic and political union often goes 
only so far and then stops. 

A superficial look at the Mexican and U.S. 
economies suggests that there is sufficient re- 
source complementarity to make a case for 
economic union. Mexico has an abundance of 
oil and a rapidly growing, young, and unskilled 
labor force. The United States is short on oil 
and has a human capital-abundant, aging, and 
slow-growing population. The disparities in 
economic and political power make union 
difficult, however. Insights from the new in- 
stitutional economics should provide impor- 
tant guidelines as to how to design the institu- 
tions that will make economic and political 
union possible—with enormous strategic im- 
plications to the whole world. 

A proposition from trade theory offers an- 
other example of the potential role of the new 
institutional economics. The theory of optimal 
currency areas provides an explanation for 
why important regions of individual countries 
have chronically lagged behind other regions. 
Leff has argued that had northeast Brazil been 
a separate country with a separate currency, it 
might well not have lagged behind the rest of 
Brazil. The same probably applies to the U.S. 
South and to the south of Italy. 

Political pressures can build up in particular 
regions causing them to break away from the 
central government, More generally, cases 
where such exchange rate disparities are likely 
to arise will be poor candidates for economic 
and political union. But, armed with the in- 
sights of both the theory of optimal currency 
areas and the new institutional economics, one 
might be able to design institutional arrange- 
ments such as multiple exchange rates that 
would lead to stable economic and political 
units. 
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Other institutional design questions are ap- 
parent. In the tradition of Ruttan and the in- 
duced innovation hypothesis, what insttu- 
tions are needed and what support can be 
found for them to do the research and perfcrm 
the educational missions pertinent to the 
international socioeconomic-political system? 
National inte_ligence agencies should be doing 
some of the research on these issues. But to 
leave such research to the intelligence ag2n- 
zies will be inadecuate. Multiple research end 
2ducation institutions are needed. Moreover, 
ihe issues are of national and international 
interest, not just state or local interest. 

A second set of institutional design ques- 
zons has to do with international economic 
.nstitutions. The world has become increas- 
:ngly interdependent. The exchange rate re- 
zime has changed, an effective international 
capital market has emerged, and trade pat- 
terns are changing dramatically. All of this is 
taking place with ever-widening differences in 
per capita income. Comparative advantage is 
also shifting rapidly among countries. Such 
rapid shifts make adjustment more difficult 
and create political problems. 

The end of World War II saw a burst of 
creativity in new international instituticns 
such as the GATT and the Bretton-Wocds 
conventions. Unfortunately, most were de- 
signed by the advanced industrial countries for 
their own benefit. Moreover, they were predi- 
cated, for the most part, on a fixed exchange 
rate regime. 

Today, international political and economic 
power has changed significantly. The interra- 
tional capital market has grown, while the rel- 
etive importance of concessional foreign zid 
end the international migration of labor has 
ceclined. The social, economic, and political 
world is just very different than it was several 
Cecades ago. 

The southern rarticipants .of the North- 
South debate have been the loudest and most 
articulate proponents of institutional change in 
tae international community. Yet even in tne 
United States and other industrialized coun- 
tries there is general dissatisfaction with zr- 
rangements for international economic and 
political intercourse. 

The questioas here are legion. What institu- 
tions are needed to manage the international 
monetary system? Of what value is GATT 
when most of the less developed countrizs 
(LDCs) are not members despite their growing 
importance in international trade? How can 
these other countries be brought in? What in- 
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stitutions can be developed to facilitate trade 
adjustment and more rapid trade liberaliza- 
tion? 


Neoclassical Trade Theory 


The neoclassical theory of international trade 
is not a particularly powerful predictor of 
trade flows in the complex world of today. 
However, recent extensions of the theory and 
grcwing empirical research enable us to un- 
derstand trade patterns with greater assurance 
than even a decade ago. 

Despite recent contributions, trade theory is 
still usually cast in a comparative cost frame- 
work. Perhaps the most widely used version is 
the factor proportions explanation of trade de- 
veloped by Heckscher, Ohlin, and Samuelson. 
The standard version of this theory is ex- 
pressed as а 2x2x2 general equilibrium 
model. It assumes that production functions 
are identical across countries and first-order 
homogenous and that all factors of production 
can be translated into efficiency units of capi- 
tal and labor. It assumes that capital is not 
mobile internationally. It also assumes there 
are no factor-intensity reversals, and it ignores 
goods and factor-market distortions. Finally, 
it is a static theory, and usually assumes 
"similar" preference structures across coun- 
tries. 

Empirical evidence and common observa- 
tion question most of these assumptions. In 
the first place, it has long been recognized that 
developing countries have large agricultural 
sectors and trade in primary commodities 
cannot be explained by endowments of labor 
anc capital alone. Agricultural production re- 
quires the services of land in addition to labor 
and capital. This means that the 2x2x2 model 
is not very helpful in explaining patterns of 
agricultural trade. Second, production tech- 
nology is generally not perfectly mobile across 
national boundaries, especially in agriculture 
where technology tends to be location 
specific. This challenges the common produc- 
tion function assumption. 

Third, a rather large and efficient interna- 
tional market for capital has evolved, rep- 
resented in part by the transnational firms 
which create so much controversy. Fourth, 
factor-intensity reversals are fairly common, 
especially in agriculture (Naya). At low 
wage-rental ratios agriculture tends to be la- 
bor-intensive relative to industry. At high 
wage-rental ratios, agriculture is capital-inten- 


Schuh 


sive relative to industry. For example, agricul- 
tural production in the United States tends to 
be more capital intensive than industrial pro- 
duction, but in Southeast Asia it is more la- 
bor-intensive. The existence of different elas- 
ticities of substitution in the two sectors is 
sufficient to ensure that a factor-intensity re- 
versal will occur. 

Fifth, goods and factor-market distortions 
are legion in most countries. Governments 
intervene in the economy in various ways, 
often with the specific objective of changing 
the free play of market forces. Sixth, the ex- 
tensive risk and uncertainty associated with 
trade cannot be handled with static models. 
And finally, Valavanis- Vail demonstrated long 
ago that demand can reverse a country's trade 
flows from that predicted by a production- 
based theory of comparative advantage. 

Despite these serious limitations to the 
standard theory, considerable progress has 
been made in recent years to extend this 
framework to provide more realistic and use- 
ful models. Considerations of demand and 
product differentiation have been given in- 
creased attention in recent studies (Pagoulatos 
and Sorenson). The issue of imperfect product 
markets has been addressed and attempts 
made to understand trade flows in this broader 
context (Caves, McCalla, Schmitz and 
McCalla). Helpman and Razin and Jabara and 
Thompson have demonstrated that if policy 
makers are risk-averse, the expected-utility 
maximizing output bundle is not that produced 
under free trade, even after correcting for 
domestic distortions. Instead, expected utility 
is maximized when domestic prices are dis- 
torted away from the international terms of 
trade by the subjective cost associated with 
international price uncertainty. 

Schmitz and others have extended the sim- 
ple trade model to account for trade in inter- 
mediate goods (Bieri and Schmitz). Jones 
(1967) has incorporated international capital 
movements into the theory of tariffs and trade. 
The literature on the transnational corporation 

is burgeoning. 

Krueger (1977) has examined the possible 
impact of goods and factor-market distortions 
on trade patterns. To do this, she found that a 
meaningful interpretation of the Heckscher- 
Ohlin-Samuelson model must lie within the 
manufacturing sector in a world of many 
commodities and many countries. With this 
broader perspective, she found that the pre- 
dictions of the theory were more likely borne 
out in patterns of specialization within man- 


: cal 
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ufacturing than in comparisons of factor pro- 
portions in exporting and import-competing 
industries. Moreover, she found that the rele- 
vant endowments were those within manufac- 
turing and not of the entire country. 

From our perspective, perhaps the most 
significant extensions of the theory have been 
to take account of differences in human capital 
variables across countries. Kenen's contribu- 
tions (1965, 1968, 1970) have been especially 
important in this context, but the work of 
Keesing (1965, 1966, 1968a, 1968b, 1974) 
Baldwin, Bharadwaj and Bhagwati, and Stern 
and Maskus is also important. All show an 
important role for human capital in explaining 
trade patterns. 

Valentini and Schuh argued that the identi- 
technology assumption of the 
Heckscher-Ohlin-Samuelson trade model can 
be salvaged in agriculture with the meta- 
production function of Hayami and Ruttan in 
place of the conventional production function. 
The Hayami-Ruttan framework also provides 
an explanation for the scarce-factor-saving 
bias observed in agricultura] technology 
across countries. The Valentini-Schuh model 
specifies a separable production function as a 
way of taking account of factor biases in the 
technology. This is more realistic than Jones' 
three-factor model, which assumes that each 
sector uses only two inputs, despite the pres- 
ence of three inputs in the model. Our statisti- 
cal tests show that the Hayami-Ruttan human 
capital variables have a strong influence on 
trade patterns. 


A final dimension to the relationships that 
trade theory can illuminate is the issue of who 
gains from trade and what are the sizes of 
these gains. Considerable controversy still 
rages over this issue. Neoclassical economists 
implicitly assume them to be large. Opponents 
of neoclassical economics and of free trade 
policy either appeal to dependency theory or 
unequal exchange (Arghiri). Both imply that 
one trading partner gains at the expense of 
another. Proponents of the latter view argue 
that shifts in the terms of trade show who 
benefits and who loses from trade. Proponents 
of the neoclassical view argue that shifts in the 
terms of trade reflect changes in technology 
and quality of products. They argue that 
changes in the terms of trade are generally of 
less significance than proponents of the oppos- 
ing view think. 

Neither side in this debate has given 
sufficient attention to the fact that the gains 
and losses are determined by developments on 
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both the trade and capital accounts. Brandao 
has taken a fairly simple trade mode] and de- 
rived the welfare function for an individual 
country. He finds that whether a country gams 
or loses from trade is determined not only by 
the terms on which exports and imports ere 
exchanged, but also by the terms on which 
capital is excnanged. 

The new perspective emerging from modern 
trade theory can serve as a basis for determin- 
ing foreign policy and as an important field of 
economic research. First, our international re- 
lations ought со be strongly influenced by tae 
directions of trade and investment flows. Sur- 
prisingly, little attention has been given by 
economists to identifying the locus of com- 
parative advantage and how it might be shi-t- 
ing. U.S. agricultural trade, for example, has 
shifted strongly toward the centrally planned 
and LDCs. Yet our international posture 
hardly reflects this shift, nor does the state of 
our knowledge about the countries involved.? 

Within the LDCs, our exports are growing 
most rapidly to the middle-income countries 


with rapid growth in per capita incomes. This 


illustrates the importance of economic devel- 
opment as the source of expanding markets for 
our exports and emphasizes the important link 
between economic development and trade. 

Similarly, we have done little to evalua:e 
where the marginal productivity of capital 
might be highest for international investment. 
Naively, Congress mandated some years ago 
that our concessional assistance had to Le 
channeled to the poorest of the poor.^ We 
abandoned the  middle-income countries, 
many of which were making remarkable prog- 
ress on the read to economic development. 
How much economic growth was sacrificed es 
a consequence of this misguided policy is not 
known. 

The emerging patterns of trade and inves-- 
ment should be a kev ingredient in shaping ovr 
foreign policy. The key to making such projec- 
tions is to understand the changing patterns cf 
comparative advantage. The emerging human 
capital perspective provides a framework fcr 
making more realistic projections. It also prc- 


* For a penetrating study cf the food and agriculture sectors of 
the centrally planned economies, see D. Gale Johnson. 

“In 1975 Congress established “пем directions" for U.S. fo~- 
eiga assistance by requiring that the foreign aid agencies give 
special attention to agricultural productivity, population growth, 
infant mortality, unemployment, and income distribution. Ths 
leg slation was well-intentioned. However, it was poorly cor- 
ceived in concept. Far a critique of the agricultural mandate, see 
Schuh and Thompsor.. 
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vides a useful framework for shaping our for- 
eign assistance policy, but except for H. G. 
Johnson and Schultz, economists have hardly 
scratched the surface on the economics of for- 
eign aid. 


The Theory of Endogenous 
Governmental Behavior 


Most neoclassical economics takes govern- 
ment as a given, treats it as exogenous to the 
private sector, ignores it, or assumes that it is 
irrational. Such treatment is a paradox, for the 
participation of government is pervasive in 
most economies. The tendency has been for 
this role to increase over time. Moreover, 
there is no obvious reason why we should 
expect governments to be either irrational or 
unresponsive to economic forces. 


Trying to understand the behavior of gov- 
ernment is important for three reasons. First, 
the sheer size of government as a component 
of economic activities is large in many coun- 
tries. Second, government is the primary 
means by which income and wealth are redis- 
tributed. The distribution of income and 
wealth is important to understanding the eco- 
nomics of individual countries. 

Finally, government economic policy tends 
to be pervasive inthe economy. A distortion ina 
relative price will tend to affect all consumers 
and all producers of the product. Moreover, 
these effects will spill over from product mar- 
kets to factor markets, and vice versa. Hence,to 
ignore government behavior is to leave unex- 
plained a great deal that is important. 

Fortunately, a theory or theories of govern- 
ment behavior is (are) emerging that offers 
considerable promise. Rausser, Lichtenberg, 
and Lattimore have recently reviewed and syn- 
thesized literature which relates to democratic 
societies. They find that a number of conceptual 
formulations have been advanced to describe 
endogenous government behavior. They 
classify these formulations into four paradigms: 
(a) the liberal-pluralist framework, (b) the . 
theory-of-state framework, (c) the theory of 
economic regulation framework, and (d) the 
rent-seeking interest group and conflict resolu- 
tion <ramework. 

The liberal-pluralist framework is found 
largely in the public finance literature. There is 
a large number of variants of this paradigm, 
but the names of Downs, and Buchanan and 
Tullock stand out. In general, these models 


Schuh 


focus primarily on the policy-setting process 
and on the relationship between policy makers 
and voters in particular. Policy relates to 
societal income distribution. Income alone is 
considered the indicator of well-being, regard- 
less of source. The effects of voters’ interests 
are described in terms of the distritution of 
income. Р ; 

The ''theory of the state" paradigm ema- 
nates from radical economics (Jessop, O’Con- 
nor, and Roemer). Contrary to the liberal- 
pluralist paradigm, which is based upon a 
"state" which emerges from an atomistic ex- 
change economy, this paradigm presumes that 
government institutions emerge from one 
dominant interest group with significant 
monopoly power. Moreoever, this formulation 
focuses upon groups of agents called 
"classes" rather than individuals. It concen- 
trates on election and legislative choice as well 
as bureaucratic processes. 

The theory of economic regulation owes its 
origins to Stigler, Posner, and Peltzman. This 
framework treats government intervention 
and regulations as normal economic goods 
subject to the standard economic calculus. 
Consumers and producers are viewed as de- 
manding government interventions of various 
kinds, most of which can be interpreted as 
taxes. The regulators must then seek to bal- 
ance the marginal political return frem an in- 
come transfer with the marginal poli-ical cost 
of the associated tax. This paradigm focuses 
on the election process. 

The rent-seeking interest groups and 
conflict resolution paradigm was partially 
characterized by Krueger. Zusman and Brock 
and Magee also have made important con- 
tributions. This framework admits both eco- 
nomic and political markets and a process for 
resolving conflicting goals. Contrary to the 
economic regulation paradigm, power is not 
swept under the rug. Instead its formation and 
effectiveness assume a central role. More- 
over, rents are presumed to exist in both eco- 
nomic and political markets. The value of this 
framework is in the understanding of election 
and bureaucratic choice processes. 

Another important body of literature on 
government behavior deals with the centrally 
planned economies, and in particular with the 
policy cycles that emerge in those countries. It 
turns out that stagnating growth, which results 
from increasingly severe distortions, leads to 
liberalization of policy and faster growth, only 
to be followed again by growing distortions, 
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stagnating growth, and a repetition of the cy- 
cle. (For an example, see Brainard.) 

An important contribution of the emerging 
theory of endogenous government regulation 
is that it provides insights into how income 
and wealth are redistributed. Income and 
wealth are redistributed largely through gov- 
ernment intervention. By understanding gov- 
ernment behavior we are able to understand 
some of the forces affecting changes in the 
distribution of income. This makes for a more 
complete explanation of the economy. 

This research also leads to the concept of 
efficient distribution. This framework is use- 
ful for testing hypotheses about whether gov- 
ernment intervention is redistributing income 
and wealth in an efficient manner. The ability 
to do this is of obvious importance in under- 
standing whether an economy is on an efficient 
growth path. 

Castle notes the universal nature of the self- 
interest hypothesis and argues that it applies 
to the private and public sector alike. He pro- 
vides possible explanations for why much 
government behavior appears to be perverse 
to the skeptical eye of the economist, particu- 
larly when such behavior leads to policies 
which grossly distort efficiency prices in the 
guise of redistributing income. 

Another example of the importance and po- 
tential of this perspective can be seen from D. 
Gale Johnson’s study of the centrally planned 
economies. He finds that the introduction of 
substantial food price subsidies is an impor- 
tant reason for the rapid growth of agricultural 
imports by those countries. Understanding 
these policies is the key to understanding the 
role these economies will play in international 
commodity markets in the years ahead. More- 
over, it will be the key to knowing the posture 
the United States should take vis-a-vis food 
security. 

Similarly, the kind and degree of govern- 
ment intervention is important in determining 
the particular growth path an economy will be 
on and the rate at which it will grow. This 
theory provides the means of understanding 
these issues. This in turn provides a basis for 
policy vis-a-vis that economy. Ultimately, the 
theory of government behavior provides the 
link between politics and economics and 


5 Becker (1980) has provided an important step in providing a 
formal specification of a model from which tests of hypotheses can 
be made about the efficiency of income redistributions. For an 
application of such tests in the context of agricultural commodity 
markets, see Gardner. 
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among the three previous pillars of this con- 
ceptual framework. 


Finally, the theory of endogenous gov- 
ernmental behavior provides a means to un- 
derstand the planning processes which are im- 
portant in many countries. Here the questions 
are legion. One would like to know whether 
the revealed preferences of public agencies are 
consistent with the policy objectives stipu- 
lated by legislative mandates. Similarly, one 
would like to know the nature and directions 
of causation between government structure, 
behavior, and the how, what, and when of the 
production of public goods and services. 


Key Research Areas 


The conceptual framework sketched out 
above is rudimentary and incomplete. The 
brief surveys of literature are also incomplete. 
The four elements of the broader framework 
are not yet well integrated. However, even in 
this sketchy outlire there are important guide- 
lines for future work which will provide a 
more adequate analytical framework for un- 
derstanding the economic dimensions of inter- 
national relations. 

To conclude, it would seem useful to enu- 
merate some of the kev research issues which 
need attention. Among these are the follow- 
ng: 
(a) The impact of economic growth on :he 
sectoral composition of output. 

(b) The extent to which knowledge can 
substitute for natural resource constraints in 
the process of growth. 

(c) The impact of investments in human 
capital on comparative advantage. 

(d) The relationship between investments 
in human capital and the optimal level of popu- 
lation. 

(e) The interactions among economic 
growth, institutions, and investments in capi- 
tal of all forms. 

(f£) Institutional designs to facilitate eco- 
nomic intercourse among nation states and to 
help resolve environmental problems. 

(g) Identification and measurement of the 
gains and losses from trade, with separate 
treatment of commodity markets, capital mar- 
kets, and services. 

(h) The behavior of governmental units at 
all levels, ranging om state trading agencies, 
through national governments to international 
agencies. 
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(i) The efficiency of income redistribution 
policies, at both the national and international 
levels. 

(G The linkages among resource endow- 
ments, government policies, institutional 
change, and the growth path of economies. 

The above problems are tractable with our 
present analytical and quantitative tools. 
These problems are important to agriculture in 
particular and to the development of a saner, 
more productive, and more equitable world 
economy. Agricultural economists in particu- 
lar have the tools and instincts for dealing with 
problems such as these. It is in our grasp to 
help make this a better world for our compat- 
riots and for humanity as a whole. 


“ 


. „. creative economic theory is a mushroom that 
lives on the wood of experience. ..." 
Samuelson 
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Government and A 


ericulture Revisited: 


A Review of Two Decades of Change 


Dale E. Hathaway 


It has now been exactly two decades since I 
last attempted a comprehensive overview of 
U.S. food and fiber policy; that review was 
published as Government and Agriculture, 
Economic Policy in a Democratic Society. 
Thus, it seems appropriate, as one whose pro- 
fessional life has been spent studying and par- 
ticipating in the policy process, to use this 
opportunity to examine what has happened in 
the past two decades and look at where we are 
headed. 

I will focus my review on price and income 
policy, which I believe is more correctly called 
commodity policy. J will ignore such impor- 
tant areas as resources use, environment, and 
rural development for two reasons. One is the 
obvious lack of space. The other is simply that 
commodity policy has been and continues to 
be the core of farm politics, despite the at- 
tempts of several secretaries of agriculture to 
make it otherwise. It is still the basis of the 
U.S. Department of Agriculture’s relation- 
ships with the agricultural and agribusiness 
community. 

I will limit my comments to three related 
issues that have brought great changes to 
commodity policy; they are (a) the restructur- 
ing of American agriculture, (b) the move to 
international markets, and (c) the changing 
politics and players in commodity programs. 

The period 1961-81 has been one of the 
most tumultuous in U.S. peacetime history. It 
opened with the inauguration of the nation’s 
youngest president, who promised to lead the 
nation toward new frontiers; it closed with the 
inauguration of the nation’s oldest president, 
who has vowed to return the nation to values 
and glories of a previous, less complex period. 
In the area of economic policy, the past two 
decades saw many of the economic institu- 
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tions developed in the thirties and forties be- 
come inadequate to deal with the tasks for 
which they were designed, as did many of the 
economic theories and the policies associated 
with them. As a result, the nation experienced 
postwar highs in unemployment and inflation, 
sometimes simultaneously. The dominance of 
U.S. economic and political power around the 
world receded as the “miracles” of growth in 
Western Europe, Japan, and numerous devel- 
oping countries occurred throughout the 1960s 
and 1970s. Although it was not immediately 
obvious at the time, many of these changes 
were to have a profound effect on the U.S. 
food and fiber economy and the related poli- 
cies that influence it. 


Closing the Economic Gap in Agriculture 


One of the most important changes to occur in 
the past two decades has been the economic 
changes which restructured U.S. agricultural 
production. Two decades ago substantially 
more resources were committed to producing 
food and fiber in the United States than could 
be justified by the return on investment. On 
the average the return on these resources in 
farming was lower than a return to a similar 
resource investment would have been off the 
farm; by 1980 this was no longer true. 
Throughout the 1950s and 1960s per capita 
income of the farm population ranged from 
half to two-thirds that of nonfarmers. In 1971 
the per capita disposable income of the farm 
population exceeded 75% of the disposable 
income of the nonfarm population for the first 
time in modern history. It has been more than 
84% of the nonfarm average in every year 
except one since 1972, and over 100% in sev- 
eral years. However rough these figures, there 
can be little doubt that, on the average, the 
resources producing farm products in the 
United States have been earning returns com- 
parable to those in nonfarm activities in most 
years of the last decade. Moreover, if one 
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zakes the inflatior-induced capital gains into 
account, the farm production sector may have 
enjoyed the largest net gain in real wealth of 
any major sector in the economy over the past 
decade. 

This is not to suggest that this was true for 
every producer or for most producers every 
year. Indeed, quite the contrary was true. Pe- 
riodically during the 1970s.and even now, 
many producers of some commodities found 
that they were ''trapped"' in a position where 
their cash expenses exceeded their cash in- 
comes, and they were forced to resort to living 
on inflation-created capital gains or to liqui- 
date their farm businesses. This sense of being 
economically *'trapped"' led to large and vio- 
lent farmer protests in Washington in 1978 and 
1979 and the formation of a new agricultur- 
al organization, the American Agricultural 
Movement. 

In the 1960s there was widespread belief 
that the return to resource investment and 
farm incomes would be intolerably low in the 
absence of government programs like acreage 
allotments, marketing quotas, and land re- 
tirement programs. The 1970s convinced most 
producers that these programs could be dis- 
mantled and that market forces would preduce 
adequate returns to resources in agriculture 
for most producers in most years. Thus, the 
1970s saw the final dismantling of the network 
of ineffective production control programs 
that had beea the hallmark of our basic com- 
modity programs since the 1930s. Equally if 
not more important was a change in percep- 
tion about goverr.ment accumulation of com- 
modity stocks. During the 1960s government 
stockpiling was expected to increase farm in- 
come; by the 1970s the farm community was 
convinced that government stocks depressed 
prices and income. This change in perception 
was to alter the policies of government inter- 
vention in agricultural commodity markets in a 
major and probably permanent fasnion. 

Some observers have suggested that the 
commodity policies of the 1970s were a con- 
tinuation of a long trend toward supporting 
prices at wcrld market levels. I believe that 
the evolution of policy can be read differ- 
ently. 


Restructuring American Agriculture 


In my view, commodity price policy follows 
rather than Jeads events in our governmental 
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system. Thus, the changes in policy that have 
occurred over the past two decades come as a 
result of changing conditions and not vice 
versa. 

Part of the changes that were to lead to new 
policies were major changes in the agricultural 
producing sector. As a result of low returns in 
agriculture, new entrants in commercial ag- 
riculture declined. A decade of sustained 
growth in nonfarm jobs in the 1960s provided 
economic opportunities for those who might 
otherwise have become farmers. The number 
of workers, both family and hired, employed 
in agriculture continued to decline during the 
1960s at about the same rate as it had in the 
1950s. 

Over time this process which involved off- 
farm migration, retirement, off-farm work for 
some family members, and consolidation and 
enlargement of farm operations via sales, 
rental, and new capital infusion produced a 
commercial agriculture which was far different 
than existed in 1960. Economies of scale were 
achieved or exceeded in almost every type of 
farm in the United States. 

The extent of this restructuring is so major 
that it nearly defies comprehension. In 1960 
there were just under 4.0 million farms, with 
an average net farm income of $2,806. In 1979 
there were 2.3 million farms with an average 
net farm income of $11,526. In 1960, however, 
farms with an annual sales income of $20,000 
provided 4896 of all farm products. In 1979 
those with sales over $40,000 (a rough adjust- 
ment for inflation) provided 8296 of all prod- 
ucts. In 1960 there was a marked decline in 
family income from all sources as the volume 
of farm sales declined. In 1979 the family in- 
come is almost flat at $20,000 regardless of 
sales volume of the farm until the volume of 
sales is over $40,000 when more resources 
produce higher average incomes as volume 
rises. 

The massive restructuring of commercial 
agriculture meant the agricultural labor market 
was fully integrated with the nonfarm labor 
market, perhaps for the first time. Simulta- 
neously, an integration of the capital and 
credit markets also occurred as the modern . 
commercial farms came to depend more and 
more on outside capital and credit to finance 
farm enlargement, machinery purchases, and 
large cash expenditures for annual operation. 
By the late 1970s the net income from farming 
had declined to a fifth or less of gross, while in 
the 1950s it had constituted a third of gross 
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income. At the same time, commercial farms 
became extremely sensitive to nonfzrm input 
cost and interest rates. 

These changes in the allocation of resources 
and in the economic situation in commercial 
agriculture were two significant changes that 
heralded a shift in the basic U.S. ccmmodity 
policy. These basic changes in the agricultural 
economy led to a move away from price sup- 
ports above market clearing levels and pro- 
duction controls. In the Agricultural Act of 
1973 the Republicans finally achieved the 
market-oriented policies they had sought un- 
successfully throughout the 1950s. They pre- 
vailed, however, not because virtue finally 
triumphed, but because it finally became obvi- 
ous to most of the farm commodity groups that 
the old programs had little relevance to their 
economic well-being. 


The Evolution from National to 
International Markets 


The market for farm products two decades ago 
was relatively slow-growing and stable. In the 
1950s the major market for U.S. farm output 
was at home. By 1960 much of the instability 
of domestic demand had been removed from 
the market by income transfer programs that 
stabilized the demand for food regardless of 
the business cycle. The foreign markets for 
U.S. farm products were modest, and mostly 
the result of U.S. government prog-ams—PL 
480, export subsidies, and export credits. 
Year-to-year changes in export demand 
brought changes in government stocks, not in 
domestic farm prices and incomes. 
However, during the last two decades the 
most significant change in demand has come 
from abroad. In 1960 U.S. agricultural exports 
totaled only $4.8 billion with a $1 billion 
surplus in the U.S. agricultural balance of 
payments, the first such surplus ir. decades, 
apart from wartime. By 1980 the level of ag- 
ricultural exports was over $40 billion with a 
$20 billion surplus in balance of payments. 


The Growth of International Markets 


Looking back, it is possible to see that the 
turning point in the U.S. agricultural export 
market occurred about two decades ago. It 
was not until 1957 that the constant dollar 
value of farm exports exceeded the 1929 level. 
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Therefore, in 1960 there was no strong evi- 
dence to suggest that foreign markets would 
become an increasing factor in the demand for 
U.S. farm products. In 1950, farm exports 
produced 995 of cash marketing receipts, in 
1979 only 14%, and by 1980 they constituted 
almost one-third. 

The rising export demand that was to 
change U.S. commodity policy was primarily 
a result of three factors, although it was 
influenced by several others. The first was the 
major growth in world economy outside the 
United States, led by growth of the Japanese 
and European economies during the 1960s and 
early 1970s, followed by some of the high- 
growth developing countries such as Korea, 
Brazil, and Taiwan. A second was the popula- 
tion boom in the developing world as medical 
science lowered death rates more rapidly than 
birth rates. Concurrently, most developing 
countries followed policies that failed to invest 
adequately in agriculture or encourage the 
adoption of new agricultural technology. 
Thus, as a group, developing countries shifted 
from self-sufficiency in food grains to huge net 
importers of grain in the 1970s. The third fac- 
tor was the failure of Communist centrally 
planned agriculture to produce enough food to 
meet the rising demand for food, especially 
meats, in their own countries. One by one, the 
centrally planned economies entered world 


markets, starting in the mid-1960s and increas- 


ing throughout the 1970s. By 1980, these coun- 
tries together were importing 80 million tons of 
grains and oilseeds annually, whereas ten 
years earlier they were not significant import- 
ers as a group. 

In 1960 world wheat and coarse grain trade 
totaled 66 million metric tons and the U.S. 
provided 44%, or 29 million tons. By 1970, 
world trade in those commodities was 101 mil- 
lion tons, with the U.S. share at 39%. The 
Russian grain sale of 1972—73 jumped world 
trade volume in wheat and coarse grains to 
about 130 million tons, putting the U.S. share 
at 55%. By 1980, however, the world trade 
was approaching 200 million tons and the U.S. 
share was up to 58%. 

There also were several ancillary factors 
which contributed to our rapid export expan- 
sion. One was the maintenance of U.S. price 
supports for grains, oilseeds, and cotton at or 
below world market levels, a move that began 
in the mid-1960s and has continued regardless 
of the political party in power. A second was 
the devaluation of the dollar and the termina- 
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tion of the fixed exchange rates which had 
overvalued the dollar and overpriced our ag- 
ricultural exports. A third was detente and the 
ensuing expansion of our trade relations with 
the Soviet Union and the East Bloc; and 
finally, the normalization of our diplomatic re- 
lations with China. 

The confluence of two events, the restruc- 
turing of U.S. agriculture and the boom in 
export markets, was not the result of well-cal- 
culated policy, nor was it foreseen by most 
cbservers. As a result, the commodity policies 
of the past decade have been mostly ad hoc 
attempts to adjust to new economic realities. 
We are, at the beginning of the 1980s, a long 
way from achieving a policy which is consis- 
tent with the economic and political realities of 
the world in which we live. 


Who Makes Policy: The Congress 


While most peopE recognize that a major 
change has taken р.асе in the structure of U.S. 
agriculture and its markets, there is less un- 
derstanding of the changes this has brought to 
the politics of agriculture and how the chang- 
ing face of U.S. palitics has in turn related to 
the substantially dfferent agricultural sector 
of the 1970s. Indeed, the nonfarm press orten 
implies that little hes changed from the days of 
the old farm bloc. 

Washington policy makers in their annual 
appearance before :he venerable Jamie Whit- 
ten, chairman of th» House Subcommittee on 
Agricultural Appropriations, tend to think 
‘ihe more things change, the more they re- 
main the same" as :hey listen to the chairman 
tell them how he nstructed Secretary Ben- 
son to sell farm products abroad at world 
prices in 1954. But, in reality, there have been 
profound changes ir Congress and the changes 
have affected the style and substance of farm 
policy. 

: First, the average tenure of members of 
both Houses has declined markedlv since 
1560. Less than one-third of the forty-seven 
members of the Hcuse Agricultura] Commit- 
{ег that wrote the 1977 Farm Bill had ever 
written such a bill before, and the 1981 bill will 
be addressed by an equally new group. Part cf 
the congressional tirnover is caused by the 
coattails of the lopsided presidential victories 
of 1964, 1972, and 1980. Part also is due to the 
rise of the two-partr system in the South, the 
area that had traditionally dominated the con- 
gressional agricultural committees. 
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Second, committee discipline has disap- 
peared and, despite the current Republican 
steamroller, there has been no real party dis- 
cipline in the Congress for a long time on 
commodity issues. Open government has led 
to open markup of legislation in committee 
and in conference, providing the single-issue 
lobbyist with a field day. The congressional 
committee process, insofar as the substantive 
committees on agriculture are concerned, has 
been dominated by a collection of commodity 
group representatives primarily concerned 
with the single or few commodities predomi- 
пап: in their district. One feature that has 
changed little is the individual commodity 
focus of the agricultural committees. Observ- 
ers used to decry the excessive influence of 
certain commodities in the old farm bloc, but 
now the focus is more than ever on single 
commodities. Most thoughtful members are 
conscious of the trend and privately lament it, 
but in their public action they have little alter- 
native but to follow the most exorbitant de- 
mands of their constituent group. 

This could, and sometimes does, lead to 
blatant excesses and bad policy, dairy and 
peanut programs being a case in point. The 
more generous treatment of rice and wheat 
programs also results from this system. 

But, there are two major controls which 
tend to offset the actions of the agricultural 
committees and further muddy the policy pro- 
cess. One is the necessity for floor action by 
the entire chamber. Gone is the day when a 
committee bill reported by a senior agricul- 
tural chairman of the House or Senate was 
immune from amendment on the floor. Sugar 
legislation pushed by the sugar and sweet- 
ener-producing lobbies met its demise on the 
House floor in 1974 and again in 1979, and it 
was the threat of a similar fate that caused the 
dairy lobby to compromise in 1981. 

A second and more powerful check on the 
substantive committees are the budget com- 
mittees which were created in the 1970s. 
These committees have immense power to 
limit funds that will be required to implement 
policy. It is in the budget committees that 
commodity program expenditures. must be 
balanced against social programs, defense, 
and other national needs. More than any other 
influence, the congressional budget commit- 
tees shape national policy, overshadowing 
both the appropriations committees (which 
can allocate funds within a sector) and the 
substantive committees. 





Hathaway 


Another marked change in the past two de- 
cades concerns congressional staff. The con- 
gressional Budget Committee has a large pro- 
fessional staff; moreover, each of the substan- 
tive committees have sizeable professional 
staffs. In addition, many individual members 
now have highly trained professionals on their 
personal staffs. This explosion of professional 
congressional staff is a mixed blessing. On one 
hand, it may reduce the dependence of an 
individual member on a lobbyist or on the 
executive branch for information and analysis. 
On the other hand, it is clear that the con- 
gressional staff has all the elements of a bu- 
reaucracy including arrogance, lack of respon- 
siveness, and in many cases, a tendency to act 
as if they were the individual who was elected 
to make the nation’s laws. 

However much one may have disliked the 
old congressional seniority system that existed 
two decades ago, it is difficult to argue that the 
present open system which has evolved under 
the guise of democracy is an improvement. In 
fact, the new system is a hunting ground for 
well-financed single-interest groups in all 
areas, commodity programs, gun control, or 
social programs, and probably results in less 
thoughtful and less responsible legislation than 
that produced by the closed seniority system. 


The Executive Branch 


Changes in U.S. agricultural markets, the 
U.S. economy, and the nature of commodity 
policy have slowly and steadily shifted the 
decision-making power concerning agriculture 
within the executive branch. Part of the power 
shift has occurred within the Department of 
Agriculture and part between the USDA and 
other agencies in the executive. 

From the 1930s through the 1960s the politi- 
cal power base of the USDA was anchored in 
the network of state and county committees 
created under the Agricultural Adjustment Act 
of 1933 to administer the price support, pro- 
duction adjustment, and agricultural conserva- 
tion payment (ACP) programs. This organiza- 
tion, first called the Agricultural Adjustment 
Administration (AAA), then Production and 
Marketing Administration (PMA), and now 
Agricultural Stabilization and Conservation 
Service (ASCS), had its own ties to the com- 
modity groups whose programs it adminis- 
tered and to the congressional farm bloc. 
Much has been written about its power, its 
feuds with the farm organizations, and various 
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attempts to bring it under policy control. Tra- 
ditionally, its administrator answered directly 
to the secretary of agriculture and to the presi- 
dent. 

As its domestic price support and control 
programs became less significant, the ASCS 
role in policy began to diminish. In 1969, the 
Republicans put ASCS under an assistant sec- 
retary for international affairs and commodity 
programs. This effectively moved the policy 
coordination between domestic and interna- 
tional commodity programs one step away 
from the Secretary. 

More importantly, as international markets 
for U.S. commercial agriculture became more 
significant, a major new set of actors outside 
the USDA entered the agricultural policy pro- 
cess. In the 1950s and 1960s, the USDA had to 
share policy decisions with the Council of 
Economic Advisors (CEA) and the Bureau of 
the Budget because of White House concerns 
with consumer prices and budget costs. 

The expansion in world food trade which 
surged in the 1970s enlarged the policy-making 
circle. It rapidly grew to include the State De- 
partment, Treasury, the U.S. Trade Represen- 
tative, and the National Security Council, in 
addition to the CEA and Office of Manage- 
ment and Budget (OMB). As more agencies, 
and indeed, cabinet officers became involved 
in commodity policy decisions, the more these 
decisions were shifted from the secretary of 
agriculture to the White House. As some 
people so unkindly put it, ‘‘agricultural policy 
has become too important to be left to the 
secretary of agriculture.” 

This widened participation and shift in the 
decision-making process created several prob- 
lems and frustrations that are still unsolved. 
One is the belief increasingly held by farmers 
that crucial farm policy decisions are out of 
the hands of USDA and being made by per- 
sons who are unfamiliar with their problems 
and concerns. In many respects they are cor- 
rect. Most of the knowledge and analytical 
capability of the U.S. government regarding 
world food and agriculture still is in the 
USDA, and the others involved in commodity 
policy are either dependent upon USDA anal- 
ysis or sometimes have little basis for judg- 
ment. 

It is a curious and somewhat unsettling fact 
that none of the past four presidents, including 
the incumbent, have been able to evolve a 
stable and satisfactory policy process within 
the executive branch to deal with agricultural 
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commodity policy. Open warfare between the 
secretary of agriculture and the secretary of 
state seems to be a hallmark of Republicen 
administrations. It was no secret that the 
Democrats hed similar, if not as vocaly 
explicit, problems under President Carter. 
Over the past decades there have been coun- 
cils, committees, special assistants and other 
White House attempts to coordinate agricul- 
tural commodity policy and make it more ra- 
tional. None have worked and none probably 
will. 

The inherent reason for the problem is that 
there is no other department with a major 
domestic cons-ituency and domestic programs 
that is also deeply involved in international 
trade and international affairs. No other sector 
of the U.S. economy has the economic and 
political ties tc a single department as farmers 
do to the USDA. No other sector simulta- 
neously sees other departments with quite dif- 
ferent interests and constituencies constantly 
and repeatedly intervening in matters they 
view as important to their economic weil- 
being. 

During the 1950s and 1960s, agricultural pcl- 
icy was made by a tightly knit group that 
evolved from within USDA. It agreed with, 
and was highly susceptible to, domestic com- 
modity groups and like-minded congressional 
committees. Now the participants in agricul- 
tural policy decisions appear to come from a 
sprawling, ill-defined group that seems to be 
beyond the access of farmers and domestic 
commodity groups. Increasingly, the secre- 
tary of agriculture and his senior policy 
officials involved in commodity policy have 
become negotiators and intermediaries be- 
tween the traditional political forces and tke 
new policy pa-ticipants. As is the case in all 
such situations, none of the parties completely 
trust the intermediaries and all parties blame 
them for whatever ihey do not like. 


The Agricultural Groups 


Two decades ago it was possible to sense that 
the changes in U.S. agriculture were creating 
great difficulties for the general farm organiza- 
tions. As the family farm evolved into more 
specialized production units, the general fzrm 
organizations were not able to bridge the gaps 
between the specialized economic interests of 
these production units and provide com- 
prehensive pol:tical and economic commodity 
policies. Nor were they able to offer the inten- 
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sified, special attention and representation 
these specialized producers seemed to de- 
mand. 

As a result, highly specialized groups of 
producer representatives which represent 
specific commodity producers (wheat, corn, 
soybeans, cotton, dairy) have developed. — 
These organizations, which nearly parallel the 
commodity blocs in Congress, have well-paid 
Washington representatives who generally are 
more influential in their specific commodity 
areas than the general farm organizations are. 

In addition to the overall farm organizations 
and the individual commodity organizations, 
there are two new groups that have increased 
in importance and influence on agricultural 
commodity policy. One is the agricultural 
cooperators group which was organized as the 
private sector representatives in the foreign 
market development activities of the USDA. 
These cooperator groups, operating with 
combined producers and USDA funds, have 
become a major force in international com- 
modity policy on such diverse issues as trade 
and grain negotiations and export credit. In 
many ways they have developed the same in- 
terlocking political interests with the Foreign 
Agriculture Service (FAS) that the old com- 
modity groups had with ASCS and its pre- 
decessors. And, not surprisingly, controlling 
FAS has become a problem for the secretary 
of agriculture, just as controlling the indepen- 
dent policy of ASCS was once a problem. 

A second powerful force that has arisen dur- 
ing the past two decades is based in the agri- 
business-exporter community. This group rep- 
resents the interest of private firms and 
cooperatives whose economic well-being de- 
pends upon the rapidly growing agricultural 
export business. While the most publicity has 
been given the larger grain exporters, those 
familiar with the Washington scene know that 
the specialty-crop cooperatives, cotton ex- 
porters, and a handful of rice exporters have 
exercised immense power on issues of critical 
importance to their export business. Of 
course, since ample supplies and moderate 
prices are good for the export business, these 
agribusiness groups have added their consid- 
erable support, in a quiet way, to policies that 
maintain moderate price supports, full produc- 
tion, and high export levels. 

The rise of the single-interest commodity 
groups increases the historic problem of 
achieving coherent, consistent domestic and 
international commodity policies. Given the 
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narrow focus of the single-issue commodity 
groups, there are only two participants in the 
decision-making process that work toward a 
balanced commodity policy. They are the gen- 
eral farm organizations and the executive 
branch of government. Thus, in the 1970s the 
two traditional antagonists, regardless of ad- 
ministration, the secretary of agriculture and 
the American Farm Bureau Federation, were 
more in agreement than in conflict —a marked 
departure from the general hostility and some- 
times open warfare that marked much of the 
period from the 1930s through the 1960s. 

Thus, in the 1970s, on policy matters involv- 
ing general farm legislation, trade negotia- 
tions, and other international agricultural is- 
sues the old-line farm organizations acted as 
an important moderating and countervailing 
force to the individual commodity groups and 
narrower economic interests they represent. 

Oddly enough, what once was a weakness 
of the general farm organizations may become 
their strength in the new policy arena. Many 
have commented in the past that the general 
farm organizations' tendency to take positions 
on broad national and international economic 
policy issues diluted their effectiveness on 
commodity policy. But now inflation rates, 
interest rates, and general trade policy are the 
base upon which commodity policy rests. 
Thus, the ability to understand and take posi- 
tions on all these issues is giving these general 
organizations a greater influence in commod- 
ity policy. 


Where We Are Now 


Despite some political-philosophical claims to 
the contrary, the evolution to an international 
market policy has not been without pain for 
many agricultural producers and associated 
industries. This pain has been reflected in their 
political reaction, and I predict that neither the 
economic problems nor the political reactions 
in the agricultural sector have run their 
course. 

Until the 1970s, U.S. agricultural producers 
had relative price stability for both agricultural 
inputs and outputs, while demand for U.S. 
agricultural commodities steadily rose. Now, 
and over a relatively brief time, all of these 
stable elements have become uncertain in an 
agricultural economy highly vulnerable to in- 
stability. As we face the decade of the 
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eighties, this instability in demand and price 
for agricultural inputs as well as commodity 
prices would appear to be one of the policy 
issues that must be addressed. 

It is useful to remember the sources of that 
increased instability. Export demand for U.S. 
commodities is in part a function of world 
weather, especially in the USSR and a few 
other major importing countries, as well as in 
other major exporting countries such as 
Argentina, Australia, and Canada. Thus, in 
addition to the instability generated by 
weather in the United States, the instability of 
weather and crop yields around the world is 
also reflected in the demand for U.S. agricul- 
tural exports. 

Second, the nature of the economies that 
are increasingly dominating world trade in 
grains, oilseeds, and cotton also adds to de- 
mand instability. The LDCs and the centrally 
planned economies have accounted for most 
of the growth in U.S. agricultural exports. 
Most centrally planned and LDC economies 
have state-controlled central buying units. In a 
traditional sense, our growing export markets 
are not markets at all. Lower or higher com- 
modity prices are not translated into changes 
in consumer prices, within those importing 
countries. The decision to import and how 
much to import is based more on internal polit- 
ical circumstances than on economic market 
mechanisms. All of these factors add to the 
instability in the export market. 

Finally, in that portion of the world where 
market mechanisms actually operate, we find 
tariffs and variable levies applied to agricul- 
tural commodity imports to prevent world 
market prices from affecting internal markets. 
In the few really open markets that do operate, 
flexible exchange rates can and do affect im- 
port demand in ways and degrees that were 
not anticipated. 

Demand instability is, of course, reflected in 
unstable commodity prices. Some idea of the 
impact of this instability can be seen by com- 
paring the year-to-year variations in farm 
prices and incomes in different periods. The 
variation in crop prices from 1972-78 was six 
times that of 1955-63, and four and one-half 
times that of 1964—71. For farm income, the 
variation in the 1972—78 period was two and 
one-half times that in 1955—63, and one and 
one-half times that of 1964-71. The most sta- 
ble element in the system has now become 
nonfarm income of farm people, hardly a con- 
solation to full-time commercial farmers. For 
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crop producers, the use of target prices has 
been the first line of defense and protection 
against the instability of demand. This con- 
cept, adopted from a 1930s income payment 
program, offers some protection against low 
prices but is both expensive and highly asym- 
metrical in terms of economic costs and 
benefits. 

Target prices for wheat and feed grains of- 
fer no protection to dairy, meat, or poultry 
producers, or ultimately, to consumers who 
are subject to sharp export-induced price in- 
creases. In order to deal better with the inher- 
ent instability facing U.S. agriculture in a 
world market, the administration implemented 
and the Congress approved in 1977 a farmer- 
owned reserve program for wheat and feed 
grains. Not surprisingly, the individual com- 
modity groups have tried to use the reserve as 
a price support program rather than a supply- 
price stabilization program. 

For forty years, the U.S. government tried 
and learned, more or less, how to maintain the 
price of farm commodities during periods of 
excess capacity and surpluses. We have had 
little experience and have not learned how to 
maintain reasonable price stability that is re- 
quired both by farm producers and consumers 
at home and abroad, even though efforts have 
been made. 

When I was a graduate student, Agriculture 
in an Unstable Economy (Schultz) was an im- 
portant work for both its theory and its policy 
applications. But for a long period, mostly be- 
cause of federal commodity programs, insta- 
bility was a relatively insignificant issue in 
farm policy. 

Now once again instability will be a policy 
issue in the next decade. On the cost side, 
commercial agriculture finds itself at the 
mercy of OPEC, U.S. and world monetary 
policy, and worldwide industrial price policy 
for inputs such as steel, fertilizers, and chemi- 
cals. On the market side, there is unstable 
demand, unstable exchange rates, unpredicta- 
ble U.S. government trade policies and unpre- 

. dictable foreign government policies regarding 
imports. In my view, the U.S. agriculturel 
producers are only teginning to understand 
the nature and extent of this instability and the 
adverse consequences it can have upon their 
economic well-being. 

Not surprisingly, the debate will focus on 
the proper role of the federal government in 
stabilizing commodity prices in the new eco- 
nomic context. But, the debate and policy ac- 
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tions will bring conflicts that are new to com- 
modity policy. 

On one hand, the commodity producers 
who are now feeling the full brunt of the new 
instability will push for policies that expand 
demand and maintain high, stable, commodity 
prices. On the other side will be the broad 
array of consumer and domestic users whose 
economic interests are best served by control- 
ling price increases. We have already seen 
three short-supply embargoes in the past few 
years; and, for a variety of reasons, they have 
been the most disruptive policy actions taken 
by the federal government since the inaugura- 
tion of commodity policies in the 1930s. 

One tends to forget that the old domestic 
commodity programs evolved into a system 
whereby nobody was surprised—not farmers, 
marketers, speculators, or consumers. More- 
over, most were involved in the development 
of the policies. But the new government inter- 
ventions have surprised everyone, pleased 
few, and enraged the commodity producers 
more than any single issue in decades. 

A related but somewhat different issue will 
revolve around the proper role of government 
in international commodity affairs. In a world 
where international commodity trade is heav- 
ily influenced, if not dominated, by govern- 
ments, it is patently ridiculous to say that the 
U.S. government will play no role. The fa- 
mous Carter grain embargo against Russia in 
1980 proved government action in the name of 
foreign policy can be as disruptive and politi- 
cally unpalatable as short-supply grain embar- 
goes. 

The commodity groups, as expected, want 
the best of all worlds. On one hand, they want 
government export credit, government power 
to increase market access and government ac- 
tion to stop other countries from acting ‘‘un- 
fairly" in international markets. At the same 
time, they lead the crusade to end government 
“interference” in international markets. Of 
course, one group's ''interference"' is an- 
other's preferred policy for a number of politi- 
cal and economic reasons. 

Because of the new participants in the pol- 
icy process and the economic and political 
complexity of the new international issues, I 
believe there will be more violent and pro- 
longed political battles over the proper role of 
government in international commodity pol- 
icy. When one considers the importance and 
interrelations of the two major issues, domes- 
tic price stability and the role of government in 
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international markets, it is easy to predict that 
they will not be settled quickly nor easily. 


Agricultural Economists and Commodity 
Policy 


"The agricultural commodity policies of the 
1930s were developed in large part by profes- 
sional agricultural economists, many of whom 
have been rightfully honored by this associa- 
tion. In the post-World War II period, how- 
ever, the majority of professional agricultural 
economists developed a singular disdain for 
commodity policy, abandoning it for resource 
policy and development policy among others. 
Only a few members of our profession con- 
tinued to pursue the problems of commodity 
policy. 

As one who has been involved in the confus- 
ing and somewhat painful transition to the new 
international policy, I have been surprised and 
concerned at how little our profession has to 
contribute to discussions of the new issues and 
problems that face the United States. 

Ours is a discipline that has espoused the 
greater use of markets, but it turns out that 
professionally we appear to understand little 
about how either domestic or international 
commodity markets really work. The burgeon- 
ing field of international commod:ty trade is 
dominated by business school graduates 
rather than agricultural economists, and some 
have gone so far as to suggest that training in 
economics, and especially agricultural eco- 
nomics, is a handicap to understanding com- 
modity markets. 

We have spent millions, if not hundreds of 
millions, of public and private money to build 
computer models. Few, if any, of these mod- 
els have a satisfactory international compo- 
nent. 

Equally disconcerting is the fact that as a 
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profession we have little access to, and few 
working relationships with, many of the new 
actors on the policy scene. The profession’s 
longstanding ties with the USDA are appre- 
ciably weaker than in the 1960s; and how often 
does the State Department, Office of the U.S. 
Trade Representative, Treasury, Commodity 
Futures Trading Commission, International 
Trade Commission, and other major agencies 
that influence commodity policy turn to the 
members of our profession for analysis and 
advice? In my recent experience, not often, 
and probably for good reason. 

It is ironic that at a time when there is a need 
for a greater understanding of the broad rela- 
tionships of macroeconomics to agricultural 
commodity markets, the group which should 
be well-trained and prepared to deal with such 
issues is so little used and has little to offer. I 
would guess that there are more professionals 
engaged in buying and selling agricultural 
commodities on world markets than ever be- 
fore in history, and more professionals devel- 
oping and analyzing government commodity 
policy around the world than ever before, and 
that the proportion of them trained in agricul- 
tural economics is the lowest ever. 

Again, I have no specific suggestions to re- 
duce the widening gap between what I believe 
will be the major economic political problems 
in commodity policy and the professional 
focus of agricultural economists. I think this 
gap is not healthy for either good policy or a 
strong profession. 
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Agricultural Economics in an 
Evolutionary Perspective 


Kenneth E. Boulding 


The search for an evolutionary perspective in 
economics goes back a long way. I have ar- 
gued, indeed, that Adam Smith was the first 
evolutionary economist, that Malthus was the 
second, and that it was no accident that Da-- 
win got his idea of natural selection when he 
was reading Malthus one evening “ог 
amusement” (p. 120). The search for an evo- 
lutionary perspective is a search for a model 
which will enable us to perceive structure and 
pattern in the great ongoing flux of the uni- 
verse through space and time. 

The evolutionary *'vision," which is pe-- 
haps a better word for it than ''model," is a 
way of looking at an enormously complex uni- 
verse, rather than an explicit model of a sim- 
pler reality. It sees the evolution of the uni- 
verse as a process of constant ecological in- 
teraction under continually changing param- 
eters. At any one moment the universe is a set 
with a large number of populations of different 
species. À population is a set of elements 
which are alike enough to be interesting, 
though they may not be identical in form and 
structure. A species is anything which has a 
population. It may include subatomic parti- 
cles, photons and electrons, chemical atoms, 
molecules, DNA and genetic structures, cells, 
organisms, human beings, ideas, words, 
commodities, securities, money, and so on. 
The population of any species grows by addi- 
tions and declines by subtractions. Additions 
may come from the formation of elements, 
from chemical reaction, as when hydrogen 
combines with oxygen to produce H;O, from 
replications as with DNA, from births in the 
cese of organisms, from the growth of seeds 
ar.d plants, from the learning of know-how or 
know-what, frcm the production of human ar- 
tifacts and goods, and so on. Subtractions 
come from stech things as atomic fission, 
which destroys elements; the disassociation cf 
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chemical compounds; the disintegration or 
mutation of DNA; the death of organisms; the 
forgetting of learned structures; the consump- 
tion of commodities; and so on. 

A population grows if additions exceed sub- 
tractions, and declines if subtractions exceed 
additions. If it declines far enough, it becomes 
extinct and is reduced to zero. In any one 
population the additions and subtractions will 
be functions of all other populations of species 
around it that constitute its environment. 
Some of these will have favorable effects and 
make the population grow; others will have 
unfavorable effects and make it decline. For 
any population in a given environment we can 
postulate that it will have an equilibrium level 
at which additions equal subtractions and the 
population neither grows nor declines. If this 
equilibrium is to be stable, then at a population 
lower than the equilibrium level, it must in- 
crease; above the equilibrium level, it must 
diminish. 

In a given habitat we can postulate an 
ecological equilibrium in which all interacting 
populations are in equilibrium. Each popula- 
tion is at a level at which, on the whole, it is 
neither rising nor falling. An equilibrium popu- 
lation may be called a ‘‘niche’’ in such a sys- 
tem. This is a term used rather loosely by 
ecologists, but the above definition seems to 
be most meaningful. 

The ecological interaction which creates 
niches is "selection." It is a very complex 
process. Darwin's ‘‘struggle for existence" is 
a most unfortunate metaphor. Actually ecolog- 
ical interaction involves very little struggle. 
Most of it is completely unconscious. There 
are three major types of such. interaction. 
First, cooperative or symbiotic interaction in 
which an increase in population A produces an 
increase in the equilibrium value of population 
B, and vice versa. There is mutually competi- 
tive interaction in which an increase in popula- 
tion A produces a diminution in the equilib- 
rium value of population B, and vice versa. 
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Then there is a mixed relationship charac- 
terized, for instance, by predation or 
parasitism, in which an increase in A, a pred- 
ator, diminishes the equilibrium population 
of B, but an increase in the population of B 
increases the population of A. There are limit- 
ing cases here of indifference. Thus, an in- 
crease in A might increase or decrease B, but 
an increase in B may not affect A at all. This 
happens sometimes when A is a dominant 
species. 

Ecological equilibrium is, of course, a men- 
tal construct. It is probably never found in 
nature, although it is a useful concept because 
it does interpret the dynamics of ecosystems 
as they may be approaching an equilibrium. 
The equilibrium position, however, is a func- 
tion of the parameters of the system and these 
parameters are constantly changing. This is 
mutation. The change may be in physical pa- 
rameters such as temperature, as when the 
earth warms up or cools off in a succession of 
ice ages. There may be changes in material 
population such as soils and soil components 
which erode. There may be atmospheric 
changes following eruptions or the impact of 
an asteroid—such an impact is supposed to 
have exterminated the dinosaurs. Then there 
are genetic changes which create new biolog- 
ical species. A change in a single parameter of 
an ecological system may change the niches of 
all populations in it. This is the great ecologi- 
cal principle that everything depends on 
everything else. 

In order to complete the model, two further 
concepts must be developed. The first is that 
of the "empty niche’’—that is, the population 
which would have a niche in an ecosystem if it 
existed. Thus, in the nineteenth century there 
was Clearly an empty niche in Australia both 
for rabbits and for European-type humans. 
Once they were introduced, they expanded 
rapidly into the niche. The filling of an empty 
niche, however, changes all the existing 
niches in the system and, indeed, the system 
of empty niches itself. The introduction of 
rabbits into Australia probably diminished 
many populations of indigenous species. It 
also created an empty niche for the organism 
which produces myxomatosis, a disease of 
rabbits, When this was introduced, the niche 
for rabbits shrank. A constant ecological ballet 
is going on, therefore, all the time, with empty 
niches being filled, parameters changing, and 
the niche structure changing. This is evolu- 
tion. If there is such a thing as a final ecologi- 
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cal equilibrium, it is a very long way off and 
we know nothing about it. The universe is a 
disequilibrium system and has been from the 
very beginning. 

The second important concept is that of 
production, a special form of addition to popu- 
lations, which rises to prominence with the 
development of DNA and of life and the dis- 
tinction which then develops between the 
genotype and the phenotype, the egg and the 
chicken. Production is the process by which a 
genotype is transformed into a phenotype. It is 
not of great significance in pre-biological evo- 
lution of physical and chemical species. The 
phenomenon of catalysis, the role of which in 
physical and chemical evolution is still largely 
unknown, is in some sense a precursor of ge- 
netic structure in the sense that the catalyst 
has a structure which imposes its own patterns 
on its physical and chemical environment. 

With the development of DNA, however, 
the distinction between the genotype and the 
phenotype becomes very important. DNA has 
two remarkable properties: the first is that of 
self-reproduction (I have sometimes called it 
“the first three-dimensional xerox machine’’); 
second, its property of ‘‘know-how’’—that is, 
its ability to organize the production of a 
phenotype. We see this in a primitive form in 
asexual reproduction as each half of a divided 
cell is able to grow into a complete cell be- 
cause each half contains the essential genetic 
information which organizes its growth. We 
see it spectacularly in sexual reproduction, 
where a fertilized egg has the capacity of grow- 
ing into a member of the phenotype species 
which produced it and hence creates an addi- 
tion to the species population. 

Production, then, is the process by which 
the genotype becomes the phenotype. It starts 
off with the genetic factor, which is the 
*know-how." In order for this know-how to 
be realized, however, there has to be a 
sufficient amount of the "limiting factors," 
which can be classified roughly as energy, ma- 
terials, space, and time. A fertilized egg must 
be able to capture energy for at least three 
purposes: to transport and transform selected 
materials into the growing organism, to sustain 
the temperatures at which these transforma- 
tions can take place, and to convey informa- 
tion which selects the materials. The right ma- 
terials must also be available. There must be 
space in which these processes can be carried 
out. And there must be time for them to be 
carried out. For all the limiting factors there is 
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some minimum below which the potential for 
growth of the fertilized egg into a phenotype 
cannot be realized. If there is not enough 
energy of the appropriate kinds, if there is a 
deficiency even in a single material which is 
necessary, if there is not enough space, if 
there is not encugh time, the growing 
phenotype will die before it matures and the 
fertilized egg will not contribute to the per- 
p2tuation of the species. 

These concepts apply with suitable mod- 
ifications to the evolution of social systems, 
just as they do to biological systems. With the 
biological development of the human race, en 
extraordinarily new evolutionary factor was 
introduced because of the remarkable capacity 
of this organism for developing both ‘‘know- 
what" and "know-how." No previous or- 
ganism had anything remotely like the capac- 
ity of the human race for developing cognitive 
and valuationzl structures within its nervous 
svstems. Humans can form images in their 
minds which correspond in considerable de- 
gree, not only with the whole human environ- 
ment, but also which have the capacity of vi- 
sualizing changes in this environment and car- 
rying out these images of change in the pro- 
duction of human artifacts. Human artifac:s 
comprise material artifacts, from flint knives 
te space shuttles; organizational artifacts, 
from the hunting band to NASA; and personal 
artifacts—that is, human beings with learned 
structures within them derived from other 
human beings. 

With the development of the human race, 
evolution on our planet becomes increasingly 
what I have called "noogenetic." Even in 
prehuman evolution, a distinction between the 
purely biogenetic—that is, DNA and all 
that—and the noogenetic—that is, learned 
structures transmitted from one generation to 
the next by a learning process—has increasing 
significance. With the advent of the human 
rece, however, noogenetic evolution becomes 
of overwhelming importance. In human beings 
tke biogenetic evolution seems virtually to 
have ceased, at least in the last 50,000 years, 
and the biological gene pool of the human 
race has changed very little. In terms of hu- 
man artifacts—material, organizational, and 
personal—however, the impact has been 
enormous. No part of the world ecosystem has 
been unaffected by it—cities, highways, ag- 
riculture, airplanes, chemicals—by this time 
hundreds of thousands of species of human 
artifacts have transcormed the whole ecosys- 
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tem of the earth, in what by biological stan- 
dards is a fantastically short space of time. 
Many biological species have become extinct 
or are on the way to extinction; others may be 
on the way to creation, with the potentiality 
now for human beings intervening in the 
biogenetic structure. 

Human artifacts are as much a part of the 
ecological system of the earth as are biological 
artifacts. They consist of populations of 
species interacting both with other human ar- 
tifacts and with biological species. Even 
paleolithic humans created large-scale biolog- 
ical extinctions. With the development of ag- 
riculture and the neolithic, considerable 
changes in the recombinations and selection 
process of biological species (crops, livestock) 
took place. With the discovery of the use of 
fire, the input of organized energy into the 
system was increased enormously, with the 
subsequent development of cooking, pottery, 
metals, and a great variety of new artifacts. 
The rise of science in the last 500 years 
has created a positive explosion of new 
artifacts—chemicals, radioactive elements, 
macaines, airplanes, computers, and so on. 

The pattern of mutation (filling empty 
niches) applies just as much to human artifacts 
as to biological organisms. The niches for 
human artifacts are created to a very large 
extent by human demands and valuations. 
Whether these niches are filled depends on the 
changes in the noogenetic structure—that is, 
in the know-what and the know-how of the 
human race. . 

The production of human artifacts differs 
from that of biological organisms only in the 
complexity of the genetic structures. Biolog- 
ical evolution never got much beyond two 
sexes. The evolution of human artifacts is es- 
sentially ‘“‘multi-parental.’’ It involves the 
bringing together of know-how from a great 
many different sources. Human artifacts differ 
from biological organisms also in that their 
genetic structure is not contained in the ar- 
tifacts themselves, but in other artifacts. The 
know-how that enables animals to reproduce 
is contained in the animals themselves. The 
know-how that permits the production of au- 
tomobiies is not contained in the automobile, 
but in human beings and in plans, blueprints, 
libra-ies, and all the various prosthetic devices 
of human knowledge. 

Nevertheless, the principle that production 
consists of the process by which the genotype 
becomes the phenotype is just as applicable to 
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human artifacts as to biological organisms. Al- 
though production originates in the genetic 
factor of know-how, it requires limiting factors 
of energy, materials, space, and time. If these 
limiting factors are not available in sufficient 
quantities, the potential for know-how will not 
be realized. An increase in know-how, how- 
ever, can often push back the limits of the 
limiting factors, and indeed has done so con- 
stantly, both in biological evolution and in 
societal evolution. Prior genetic mutation 
through history permitted the biosphere to 
utilize forms of energy and materials which 
previously it could not utilize. In societal evo- 
lution, likewise, the growth of human knowl- 
edge and know-how has permitted a continual 
expansion of the niche of the human race and 
of its artifacts, by developing new forms of 
energy use, new materials, space-economizing 
and time-economizing techniques, and so on. 

What does all this mean for economics, and 
especially for agricultural economics? Eco- 
nomics, I have sometimes argued, is the third 
oldest of the sciences, after physics and as- 
tronomy. Its theoretical structure crystalized 
in Adam Smith; it has not basically changed 
much since. Adam Smith had a clear concept 
of the system of commodities as an equilib- 
rium system of quantities and prices, the 
equilibrium price system being that at which 
each commodity existed in an equilibrium 
population in which production and consump- 
tion were equal. Malthus applied this idea with 
particular cogency to what today we would 
call the concept of the ‘Shuman niche." Both 
Adam Smith and Malthus were interested in 
development; that is, changes in the param- 
eters of the system which increased its variety 
and complexity. It arose fundamentally, as 
Adam Smith saw, from the ''quantity of sci- 
ence’’; that is, human knowledge and know- 
how. In some sense, therefore, Adam Smith 
was the first in the scientific community to 
transcend a Newtonian equilibrium and to see 
the social system at least as an ongoing evolu- 
tionary process. He did not apply this to bio- 
logical systems, for in his time, for instance in 
his contemporary Linnaeus, biology was only 
in the stage of achieving taxonomy, and did 
not develop any serious theoretical structures. 

Unfortunately, Adam Smith, after the first 
three chapters of The Wealth of Nations, 
never developed his extraordinary insights re- 
garding the impact of the division of labor on 
human learning and the essential role of 
human learning in production. We may per- 
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haps blame the historical accident of structure 
of British agriculture in the eighteenth cen- 
tury, with its rather clear categories of land- 
lords renting land to entrepreneurial capital- 
owning farmers employing landless capitalist 
laborers, for creating the taxonomy of factors 
of production as land, labor, and capital. In 
terms of the price system, this taxonomy has 
much value. Rent, profit, and wages do 
emerge as categories of some homogeneity 
and great interest from the point of view of 
distributional theory. 

Who originally used the term "factors of 
production" and identified these as land, 
labor, and capital, I must confess I have not 
investigated. The concept, however, was for- 
malized by Ricardo and became part of main- 
line economics under Mill. Marshall was never 
able to escape from this, although he tried to 
add a fourth factor, "organization," which he 
never quite identified as ‘‘know-how.’’ Mar- 
shall was clearly uneasy about the Newtonian 
quality of equilibrium economics and fel: that 
economics should use biological rather than 
mechanical models. He was never able to 
achieve this transition. Walras, unfortunately, ' 
by formalizing mathematically the mechznical 
aspects of general equilibrium, pushed eco- 
nomics into a still more Newtonian model. 
Keynes, again, never escaped from the 
equilibrium trap, and the supposedly devel- 
opmental economics of Harrod and Domar 
can only be described as a disaster. It is totally 
incapable of illuminating the enormous com- 
plexity of developmental processes and leads 
to a neglect of the major element in them, 
which is the learning process. 

The greatest disaster of all, of course, was 
Marx, whose labor theory of production must 
be blamed mainly on Ricardo, although Adam 
Smith is not blameless. It has been a major 
disaster for the human race and has created an 
evolutionary dead end in the communist soci- 
eties, which bodes ill for the future. Marx, 
however, learning from Ricardo, at least saw 
the existing stock of human artifacts as the end 
product of innumerable acts of human labor, 
stretching back presumably to Adam and Eve. 
This was at least a primitive evolutionary 
perspective, seeing the present as a result of 
the history of the past. But as both Ricardo 
and Marx predated Darwin, and even Darwin 
knew very little about genetics, ecology, or 
morphogenesis, they can hardly be blamed for 
being primitive. 

Both Ricardo and Marx missed the crucial 
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point which Adam Smith had begun to see, 
that it is human knowledge and know-how 
which is the real genetic factor, not *'labor," 
which from the point of view of production is a 
hopelessly heterogenous aggregate. I have ar- 
gued, indeed, that land, labor, and capital, 
from the point of view of the theory of produc- 
tion, are medieval aggregates with all the sci- 
entific validitv of earth, air, fire, and water, 
and that they represent a totally inadequate 
taxonomy ofthe production process and of the 
evolutionary process. Once we look at pro- 
duction from the point of view of one genetic 
factor, know-how, and a set of limiting factors 
which may limit its operation, the whole pro- 
cess looks very different. 

Another disaster was the development of 
what I have sometimes called the ‘‘cookbook 
theory" of production, in which Wicksteed, 
Walras, John Bates Clark, and so on, removed 
even the vestiges of Adam Smith's essentially 
evolutionary thought from economics. Here 
production has no history whatever. It cen- 
sists of mixing land, labor, and capital in a 
cooking pot and out come potatoes or auto- 
mobiles. The whole concept of a production 
function involving heterogenous aggregates of 
land, labor, and capital is pure economic al- 
chemy and has been a total blind alley. The 
more sophisticated the theory of production 
got from Cobb-Douglas to constant elasticity 
of substitution production functions, the more 
useless it became, simply because it started off 
with a false taxonomy. No matter how elegant 
elchemy becomes, it will never produce syn- 
thetic plastics! 

A further result of the cookbook theory of 
production was an almost total neglect of the 
problem of exhaustible resources. The ingre- 
dients were somehow always assumed to be in 
the kitchen—a kitchen, indeed, full of in- 
exhaustible widow’s cruses of land, labor, and 
capital, all willing to be poured into the cook- 
ing pot. It almost took the OPEC crisis of 1973 
to awaken us to the fact that our boasted 
riches and productivity depended in no small 
measure on the exhaustion of exhaustible re- 
sources, not only in energy but also in mate- 
rials. 

The implications of the evolutionary per- 
spective for agricultural economics could 
well be profound. In the first place, agriculture 
is the one sector of economic life which is 
inescapably close со the biological processes 
and in which, therefore, the relations between 
. biological and societal evolution are of particu- 
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lar importance. Agriculture indeed consists of 
the application of human knowledge and 
know-how to changing the parameters of 
ecosystems in particular habitats in order to 
create a new quasi-equilibrium set of largely 
biological populations which is higher on the 
scale of human values. In other words, the 
business of agriculture is to transform an 
ecosystem so that it produces wheat instead of 
brambles, fat cattle instead of starving deer, 
sheep and pigs instead of buffalo and coyotes, 
thereby increasing the niche of the human 
race. This process involves a combination of 
noogenetic intervention, working through 
biogenetic processes. Up to now the impact of 
the noogenetic process has mainly been on 
selection, creating ecosystems with high popu- 
lations of things high on the scale of human 
values, like food. To agriculture, of course, we 
should also add silviculture and the transfor- 
mation of forest ecosystems and aquaculture, 
by which human know-how transforms the 
ecosystems of ponds, lakes, and rivers. 

The parametric change which is introduced 
into these ecosystems by human intervention 
is complex and often produces unexpected re- 
sults. Plowing rearranges the materials in the 
soil to make it more favorable to the growth of 
desired plants, but also may lead to soil ero- 
sion. Artificial fertilizers have pushed back 
some of the limiting factors of the materials 
affecting plant growth, but may also pollute 
streams and rivers. New seeds, hybridization, 
increase yields per acre by pushing back the 
space limitation, but through monoculture 
may increase the dangers of ecological disas- 
ter through exposure to new pests and dis- 
eases. An important aspect of humanly 
created ecosystems that is often neglected is 
their vulnerability to uncontrolled parametric 
change. The Irish potato famine of the 1840s 
was a classic example of an agricultural im- 
provement which led to human catastrophe 
through vulnerability. One worries a bit about 
what might happen in the United States if we 
had a combination of a corn blight, a wheat 
rust, and a soy beetle all in the same year! 

It is clear that agriculture must be regarded 
as part of the general evolutionary process of 
the planet, which has profoundly changed its 
aspect and its ecosystems, mainly through 
selection, in response to human valuations. 
We may indeed be on the edge of even more 
dramatic changes as a result of our potentiality 
for intervening in genetic as well as selective 
processes, through recombinant DNA, and 
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eventually, who knows, through chemical re- 
constructions of DNA. As a result, we may 
speed up biological evolution to an unprec- 
edented rate. It is a very important question 
as to whether this may not make the whole 
system of the earth more vulnerable than it has 
been in the past. One of the remarkable phe- 
nomena in the evolution of this planet has 
been the capacity of the process to survive, 
and indeed even in some sense benefit from, 
catastrophe. If the record of the rocks is to be 
trusted—which it is not very much—the evo- 
lutionary process has been punctuated by 
catastrophes which separate one geologic age 
from the next. These catastrophes seem to 
have led to widespread extinction of the 
species of the previous age, which epparently 
opened up new niches, almost always for more 
advanced species, at least by human stan- 
dards. Exactly why this should be so is by no 
means clear. 

The evolutionary perspective in economics 
does not give us a Newtonian ‘‘celestial 
mechanics" of commodities; and this is be- 
cause of the nature of the reality itself, which 
it is trying to describe, which is profoundly 
indeterministic. Evolution takes place by the 
filling of empty niches. There is no guarantee 
that empty niches will be filled before they 
close. This introduces a profound element of 
indeterminacy into the system, and any at- 
tempt to reduce it to a kind of Newtonian 
mechanics is bound to fail, simply because it is 
not that kind of reality. This is why, for in- 
stance, empirical attempts to explain devel- 
opment in terms of land, labor, and capital 
production functions have been so unsuccess- 
ful. We have always had to fall back on some 
vague concept of technological change, which 
is a kind of surrogate for the genetic know- 
how factor. 

Agriculture is peculiarly important in the 
development of society because of the capac- 
ity for improvements in agriculture to create 
empty niches in many other fields and even to 
increase the capacity for filling existing empty 
niches. A good example would be what I have 
sometimes called the ''turnip theory" of 
Western European, especially British, expan- 
sion in the last 200 or 300 years. The introduc- 
tion of the turnip into Western European, and 
especially into British, agriculture in the early 
part of the eighteenth century, trensformed 
the medieval three-field system into a four- 
course rotation. Turnips and other root crops 
enabled the previously fallow field to be used. 
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The main reason for having the fallow field in 
medieval agriculture was to get rid of the 
weeds. With row crops and horse hoeing hus- 
bandry this could be done and still have a 
crop. Furthermore, clover could be intro- 
duced to restore fertility. This substantially 
increased the overall yield per acre, particu- 
larly in livestock feed. This permitted live- 
stock to be kept through the winter instead of 
having to be slaughtered off at Christmas. This 
permitted breeding and improvement of live- 
stock. This increased human protein. con- 
sumption, which led to a diminution in infant 
mortality that was spectacular, especially in 
Britain in the mid-eighteenth century. This led 
to a population explosion which previous im- 
provements in ocean transportation spread 
around the world to Australasia, North Amer- 
ica, and South Africa. This created empty 
niches for new industrial production and so on 
to the present day. 

An increase in yield per acre in agriculture 
will increase the size of the human niche, but 
an increase in yield per worker, because of the 
relative income inelasticity of the demand for 
food, diminishes the proportion of the popula- 
tion in agriculture, and expands the niches for 
nonagricultural goods. The filling of each new 
empty niche by invention (for instance, in tex- 
tiles or in machinery) opened up new niches 
elsewhere, which again had repercussions in 
agriculture. Thus, the exhaustion of whale oil 
in the mid-nineteenth century due to the over- 
killing of whales opened up a niche for 
kerosene. It is not surprising, therefore, that 
the oil industry started in 1858. The develop- 
ment of chemistry permitted the transforma- 
tion of crude oil into kerosene and gasoline, 
which at first was an unwanted byproduct. 
This created an empty niche for the internal 
combustion engine and the automobile, which 
in turn created empty niches for highways, the 
cement industry, supermarkets, and shopping 
centers. This also fed back into agriculture 
through the tractor and the substitution of fos- 
sil fuels and energy for horses, which released 
further food supply and led to further in- 
creases in the output per person, to the point 
where now in the rich countries something 
between 4% and 10% of the population pro- 
duces all the food that is consumed, leaving 
9096 for other things. Only 200 years ago, food 
production took 80% or 90%, leaving only 10% 
or 2096 for other things. 

What then does this evolutionary perspec- 
tive imply for the future of agricultural eco- 
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nomics? If there is indeed an empty niche, as I 
hope, for a genuinely post-Newtonian evolu- 
tionary economics, it seems reasonable to 
look to agricultural economics, with its rich 
biological involvement and its long tradition 
of both empirical and applied research, to 
pioneer in this development. This may mean 
the abandonment cf some degree of mathemat- 
ical rigor, which easily turns into rigor mortis 
when the real world that is being investigated 
is not itself mathematically rigorous and Fas 
large elements іп it of randomness and unpre- 
dictable parametric change. This is not to de- 
fend sloppy thinking, casual empiricism, or 
merely analogical reasoning. Models, how- 
ever, must be appropriate to the system that 
they attempt to describe, and there is a great 
opportunity here for the development of a 
mathematics which is appropriate to evou- 
tionary reality. If the theory of fuzzy sets can 
be expanded into a theory of fuzzy processes, 
we may be much closer to the real world than 
we are when we try to find stable parameters 
which do not exist in nature. A symbolic rep- 
resentation of evolutionary reality in a sim- 
plified manner is very much needed aad 
should be a real challenge to the mathemati- 
cians, for the mathematics which is really p- 
propriate to evolutionary and to social sys- 
tems does not yet exist. The social sciences in 
the twentieth century have been captured 3y 
essentially seventeenth-century mathematics, 
with a little dash of nineteenth-century prab- 
ability and statistics, much of which is cute 
inappropriate to the type of real world which is 
being investigated. 

Agricultural economics strikes me as beiag 
the ideal starting point for empirical investiga- 
tion into both limiting-factor models aad 
exhaustible-factor models, both aspects of 
what might be called "genetic production 
theory." It is obvious in agriculture tkat 
kuman know-how has been the critical factor 
in agricultural production. This know-how, 
Lowever, is limited in its realization by tae 
limiting factors of energy, materials, space and 
time, but is also constantly engaged in pushiag 
tack these limits. An important aspect of 
limiting-factor theory is that it is the most lim- 
iting factor which is important. If we are 
climbing a mountain, even if it is a utility 
mountain, it is the first fence that we come to 
taat stops us. Other fences might lie beyond 
tais and if we push back the first fence they 
may become ihe most important, but at any 
one time it is the first limiting factor that de- 
mands the major part of our attention. 
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An increase in the know-how or genetic fac- 
tor, of course, may change all the limiting fac- 
tors, for they all interact with each other. 
Hybrid corn, for instance, certainly econ- 
omized space. It also economized time, be- 
ing quicker and easier to harvest. It may 
even have economized energy input, utilizing 
more solar energy and less muscle or fossil 
fuel power, but I am not sure of this. It proba- 
bly did not economize materials, but increased 
the necessity for artificial fertilizers. What we 
have here is a complex shift in the fences that 
crisscross the productivity hill. They are by no 
means easy to unscramble. Unscrambling 
these effects would be much more rewarding 
than trying to develop Cobb-Douglas produc- 
tion functions, or any kind of constant param- 
eter function. Sometimes, indeed, the most 
important limiting factor could be an unde- 
tected trace element. 

Another large field of research which opens 
up is the study of the impact of relative price 
structures, particularly of their certainty and 
uncertainty on agriculture. The relative price 
structure operates through wages, prices, 
profits, and rents. Its impact on production is 
mediated through its impact on the limiting 
factors. Yet this is something which the cook- 
book theory of production completely over- 
looks. Labor is a complex aggregate of know- 
how, muscular energy released through the 
burning of food, material structures that de- 
termine health and vigor, diet and nutrition. In 
Adam Smith, and oddly enough even in Je- 
vons, labor was a kind of input-output ap- 
paratus to transform food into other things. 
Feeding agricultural workers produced more 
food. Feeding industrial workers transformed 
food into textiles or metals or machines, if the 
laborer was employed in these areas, very 
much in the way that a cow was an input- 
output machine for turning grass into milk and 
meat. This at least was closer to the complex- 
ity of the real world than the assumption that 
labor was an independent measurable factor of 
production, which when stirred in with capi- 
tal and Jand became cheese. The opportunities 
for empirical research guided by the limiting- 
factor theory seem to me to be very great. 

Finally, agricultural economics is an excel- 
lent field for the study of the economy as a 
subset of the larger evolutionary ecosystem of 
the world, particularly for what I have been 
calling ‘‘echo effects.” If agricultural econom- 
ics cannot be part of a general ecological sci- 
ence, there is not much hope for us. Ecologi- 
cal systems are also ‘‘echo systems," in which 
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any act or event echoes and re-echoes all over 
the system, and the final effect may be ex- 
tremely different from the initial disturbance. 
We see this particularly in the problem of dis- 
tributions of economic welfare, which often 
end up very far from an initial intended act. 
Agricultural policy is an extraordinary case in 
point, where, for instance, price supports that 
originally were conceived to help the poor in 
fact have helped the rich farmer and chased 
the poor farmer out of agriculture, perhaps— 
or perhaps not—to be better off elsewhere. 
Such policies have benefited the nonagricul- 
tural population much more than the agricul- 
tural population, have created all sorts of 
strange redistributions among the owners of 
land, like the impact of the tobacco quota, and 
have ended up with a very different kind of 
overall ecosystem than their authors imag- 
ined. Agriculture is also a good example of a 
reverberant system, where the echoes do not 
die away but set the system on a course of 
irreversible evolutionary change. 

It is a fundamental principle of evolutionary 
theory that our capacity for predicting the fu- 
ture is extremely limited. Celestial mechanics 
had only the success that it had in predicting 
eclipses because the evolution of the solar sys- 
tem had virtually ceased. Agricultural eco- 
nomics deals with one of the most significant 
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and rapid evolutionary systems in the world 
and should, therefore, be skeptical of predic- 
tion of any kind. Nevertheless, it does lead us 
to the search for empty niches and for the 


. possibilities of filling them, and this may be a 


much more important guide to policy and to 
human behavior than mechanical prediction. 
The guide to societal evolution is search, both 
historically and in work on the future. Agricul- 
tural economics has a peculiar opportunity to 
study and improve the process of search for 
empty niches and for new mutations. Newto- 
nian economics may have come to a dead end. 
But every evolutionary dead end seems to 
have created a search for an open road, and in 
this last reflection one can indulge in a good 
deal of hope and optimism. This is an age 
of Jeremiahs, quite legitimately, if we are 
confined to contemplating the future of the 
world as if it were not an evolutionary system. 
But the evolutionary model emphasizes the 
unexpectedness of the future, and in unex- 
pectedness there is always hope. 
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Public funding for work in agricultural 
economics—teaching, research, and exten- 
sion—appears to be declining in real terms 
at the start of the 1980s following two de- 
cades of real increases. There is a call for 
reductions in spending by government at all 
lzvels—a call for less taxes and for public ac- 
countability. At the same time there are more 
students in the courses that agricultural ezon- 
omists teach. There is a renewed interest 
in agricultural business curricula. Graduate 
study in agricultural economics is attracting 
new students from the biological and social 
Sciences as well as agriculture. The demand 
for competent, applied economists, particu- 
larly agricultural economists with advanced 
degrees, appears to be growing. 

The anomzly of apparent increases in de- 
mand coupled with declining public funding 
presents a challenge to the profession. It 
should be one for which economists are pre- 
pared. After all, we regularly teach students 
ebout economic decision rules for allocating 
Scarce resources among competing ends. The 
political environment requires that we take 
cur classroom lessons seriously and put them 
in practice in our own operations. 

This paper explores several approaches and 
strategies for funding work in agricultural eco- 
nomics and more effective use of current re- 
sources. We begin with an overview of 
changes in funding during the decade of the 
1970s drawing upon secondary data and re- 
sults of a mail questionnaire sent to agricul- 
tural economics department chairmen aad 
administrators in the spring of 1981. We turn, 
then, to discussion of the demand, current aad 
prospective, for services of agricultural econ- 
cmists and the capacity of current institutions 
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to service that demand. We conclude with dis- 
cussion of funding strategies and recommen- 
dations on actions which might be pursued by 
the AAEA. 


Overview of Funding in the 1970s 


During the decade of the 1960s federal appro- 
priations for agricultural research from all 
sources increased in real terms. In the 1970s, 
in contrast, they held roughly constant. Over 
the same time span total nonfederal support 
continued to rise in real terms. Most of this 
support was from state and local sources, but 
it also included small but significant incre- 
ments from private foundations and industry 
groups. Although similar data are not readily 
available for extension and resident instruc- 
tion and the relative proportions supplied by 
state and local versus federal sources is 
somewhat different, the same basic trends 
should hold with nonfederal sources providing 
an increasing share of the total in the 1970s. 

In 1970 USDA had appropriations of $281 
million, or 1.8% of total federal funding. In 
1980 research at USDA was funded at $664 
million, or 2.2% of the federal total. Rela- 
tively, agriculture gained in the 1970s along 
with other nonmilitary federal agencies as a 
smaller percentage went to defense and space. 


Research Funding—CRIS Aggregates 


Public sector expenditure for agricultural re- 
search is largely the work of either USDA or 
state experiment stations. In terms of 1979 
dollars, funding for agricultural research in- 
creased by 27% during the past decade. Bio- 
logical science accounted for about 70% of the 
total, physical science varied between 18% 
and 22% and social science the remaining 
8%-12% (table 1). 

When funding for research in agricultural 
economics was separated out of the totals for 
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Table 1. Public Sector Expenditures for Ag- 
ricultural Research (All Sources, CRIS Data, 
United States, 1970-79) 





Social 

Year Biological Physical and Other Total 

----2-2---- (1979 $, millions)? ---------- 
1970 684 204 80 969 
1972 716 216 91 1,023 
1974 738 213 94 1,045 
1976 773 229 117 1,119 
1978 860 248 146 1,256 
1979 885° 226 122 1,233 





? Using the GNP Implicit Price Deflator. 
> Preliminary. 


social and behavioral sciences, there was an 
increase in the total (1979 dollars) of more 
than 45% during the decade, compared with 
27% for all agricultural research. Thus, eco- 
nomics amounted to a little more than 6% of 
all agricultural research expenditures in the 
first half of the 1970s and over 7% in the last 
half (table 2). 

A distribution of the funding of agricultural 
economics research by source is presented in 
table 3. In terms of 1979 dollars there were 
important increases in all of the sources listed 
in these unpublished CRIS data. USDA ‘‘in- 
house” funding for economics research in- 
creased about 50% in real terms. The Eco- 
nomic Research Service accounted for 69% of 
that total in 1970 and 75% at the end of the 
decade. 

Agricultural economics research funds dis- 
tributed to the state experiment stations by the 
USDA, both formula funds and all types of 
grants, contracts, and cooperative agreements 
increased modestly (27%) in real terms, 


Table 2. Public Sector Expenditures for Ag- 
ricultural Economics Research (All Sources, 
CRIS Data, United States, 1970—79) 








Percent of 
total 

Expenditures Expenditures agricultural 

Year current terms 1979 dollars? research 
--- ($ millions) --- 

1970 35.8 63.8 6.6 
1972 44.7 72.8 6.1 
1974 50.8 72.0 6.9 
1976 69.6 85.8 7.7 
1977 74.4 86.6 7.1 
1978 87.0 94.3 7.5 
1979» 93.7 93.7 7.6 





? Using the GNP Implicit Price Deflator. 
> Preliminary. 
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Table 3. Sources of Funding for Agricultural 
Economics Research (Public Sector Expendi- 
tures, CRIS Data, United States, 1970-79) 





Sources of Funds 1970 1976 1979 





(1979 $, millions)? 
USDA: (internal) 





Economic Research Service 21.1 30.5 33.1 
Agricultural Research Service 2.3 2.2 3.2 
Forest Service & Farmer 
Coop. Service 7.2 7.2 7.7 
Total 30.6 39.9 44.0 
USDA: (external) 
Cooperative research 12.6 16.4 14.6 
Grants, contracts, agreements — 1.2 1.5 2.9 
Total 13. 17.9 17.5 
Other federal departments 
& agencies 2.3 6.0 7.1 
Nonfederal 17.1 22.0 25.1 
Total 63.8 85.8 93.7 





? Using the GNP Implicit Price Deflator. 


equivalent to the aggregate increase in the de- 
cade for all agricultural research. Agricultural 
economists at the state experiment stations 
and land grant universities turned increasingly 
to their own state governments and other fed- 
eral agencies for funding during the decade. In 
1970 federal agencies other than USDA ac- 
counted for only 3.6% of total funding but this 
increased to 7.696 of the total in 1979. Nonfed- 
eral sources increased by 4796 over the period, 
the same rate as total research funding grew in 
real terms. 


Information on Funding—Agricultural 
Economics Departments 


A survey of chairmen of departments of ag- 
ricultural economics was conducted using a 
mail questionnaire during the spring months of 
1981. A total of fifty questionnaires were re- 
turned from 1890 and 1862 land grant univer- 
sities and a few other departments with pro- 
grams in agricultural economics. Comparative 
data were obtained from forty departments 
(table 4). 

Agricultural economics departments have 
not fared particularly better or worse in fund- 
ing than other academic departments in their 
respective colleges over the past decade. Ag- 
ricultural economics had a larger budget rela- 
tive to the rest of the agricultural college in 
1980 compared to 1970 in eighteen cases but it 
was smaller in fifteen others. Changes in both 
directions were generally modest. 

Departments were asked to allocate their 
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Table 4. Student Numbers: Agricultural Eco- 
nomics Departments (40 U.S. Universities, 1970 
and 1980) 








Number о> 
Majors Advised 
Number ^7 — ——— 
Region of Schools 1970 1930 
Undergraduate students: 
Northeast 7 708 1,290 
North Central 9 1,806 2,962 
South 14 1,091 2,546 
West 10 1,416 2,481 
Total 40 4,821 9,279 
Graduate studerts: 
Northeast 7 187 239 
North Central 9 654 776 
South 14 375 675 
West 10 234 353 
Total 40 1,450 2,043 





budgets to the three major functions of teach- 
ing, research, and extension, as well as inter- 
national programs and note important changes 
in these distr:butions. Only modest changes in 
the percentage distributions occurred during 
the decade. The median allocations in 1980 
were 47% for research, 24% for extension, 
18% for teaching, and 11% for all other ac- 
tivities including international programs. 

It is difficult to establish the percentage of 
time individual faculties spend on each func- 
tion, such as teaching. The numerical da:a on 
the changes in student numbers advised by 
agricultural economists at the forty colleges 
and universities indicate a substantial increase 
in the teaching commitment over the decade, 
even though the percentage allocations to 
teaching do not fully reflect this. In all of -he 
regions undergraduate numbers increased sig- 
nificantly. The number nearly doubled nation- 
ally, with the largest percentage increase in 
the fourteen departments in the South. Every 
department reported an increase in under- 
graduate majors. The increase in graduate stu- 
dent numbers during the decade was also sub- 
stantial, a little over 40% nationally. It is likzly 
that resources from these commitments heve 
been ‘‘borrowed’’ from research. 

In terms of sources of budget support for all 
the programs and functions of individual de- 
partments, s:ate resources are the primary 
source of funding, on the average, in all of -he 
regions. Funds allocated to departments from 
the USDA were a smaller part of the tctal 
budgets in al! regions, dropping from 34% to 
28% nationally. Other federal agencies end 
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departments provided some of the added sup- 
port from grants, contracts, and other types of 
agreements. 

Funding for research is more completely 
documented than for extension or teaching. 
Departments nationally obtained 45% of their 
funding from state sources in 1970, compared 
with 43% in 1980. USDA formula funds and 
grents also decreased from 42% of the total in 
1970 to 38% in 1980. Other federal agencies, 
which accounted for 776 of research funding in 
1970, provided 1496 in 1980. Energy, natural 
resources, transportation, international devel- 
opment, and environmental protection were 
the chief sources of this support. Only limited 
fur.ding, less than 0.796 in 1980, came from the 
National Science Foundation (table 5). 

Respondents were asked to allocate funding 
for research into five general areas of work in 
agricultural economics in both 1970 and 1980. 
In the Northeast there was a marked swing 
away from marketing and farm management to 
natural resource economics and land use is- 
sues. In the North Central region, marketing 
and prices and supply-demand analyses were 
the most important general areas of work in 
both 1970 and 1980. In this region alone, mar- 
keting did not show a decline in relative impor- 
tance. In the South farm management and 


Table 5. Changes in Sources of Budget Sup- 
port: Research, Extension, Resident Instruction 
(46 Departments of Agricultural Economics, 
1970 and 1980) 








Source Net 
Region of Budget 1970 1980 Change 
--- (96 of total) -—- 
Northeast State 56 62 +6 
USDA 38 30 —8 
Other federal 2 2 0 
All other 4 6 +2 
No-th Central State 60 58 -2 
USDA 28 25 —3 
Other fedzral 7 11 +4 
All other 5 6 +1 
Sovth State 53 54 +1 
USDA 42 36 —6 
Other federal 2 9 +7 
All other 3 1 -2 
West State 65 63 -2 
USDA 25 20 -5 
Other federal 6 14 +8 
All other 4 3 —1 
Total State 58 58 0 
USDA 34 28 —6 
Other federal 5 9 +4 
All other 3 5 +2 
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production economics increased in impor- 
tance over the decade. In the West there was a 


major shift away from marketing toward 


natural resources and farm management. 

Nationally, farm management and produc- 
tion economics held quite steady over the de- 
cade as a major research area. Marketing re- 
ceived less of the research resources, and 
there was an important shift in work toward 
land use issues, rural development, and 
natural resource economics in all of the re- 
gions. In a relative sense the increase in work 
in agricultural policy, regional economics, and 
macroeconomic issues was also of special 
note. 

During the past decade agricultural econo- 
mists have increased their participation in 
both research and extension projects involving 
scientists in other agricultural disciplines. This 
is true across all the regions and in most de- 
partments. In looking ahead, thirty-three of 
the department chairmen expected further in- 
creases in the amount of research involving 
other disciplines. Seven expected the amount 
to be roughly the same as now. 


Setting of the 1980s 


The foregoing data suggest that agricultural 
economics did as well or better than other 
agricultural science disciplines in competing 
for scarce resources in the 1970s. And there is 
evidence of adaptability and resiliency of the 
profession with respect to both sources of 
funding and subject matter emphasis. 


Demand for Services 


At the risk of appearing self-serving, we be- 
lieve that aggregate demand for services of 
agricultural economists will continue to ex- 
pand in the 1980s. However, the composition 
of that demand may change dramatically. 

Our optimism with respect to growth in de- 
mand for agricultural economic services is 
predicated upon the expectation that food, ag- 
riculture, and natural resources will occupy 
critical roles in economic systems both in the 
United States and abroad during and beyond 
the 1980s. Food production, even in the 
United States, cannot be taken for granted as 
multiple use competition for natural resources 
intensifies. 

Commercial production, marketing, and dis- 
tribution of food and fiber have always been 


Funding for Agricultural Economics 799 


and still are the cornerstone of agricultural 
research and education programs (70% of total 
research). If the evolution toward less direct 
intervention by government in the agricultural 
economy continues in the 1980s, as now seems 
apparent, the private sector demand for 
timely, reliable, market-related economic in- 
formation is likely to increase substantially. In 
the public sector, demand for economic in- 
formation will continue strong as a basis for 
monitoring performance of the food and fiber 
system, policy analysis, and for targeting and 
evaluating public programs. 

Our international interdependence also will 
be a source of continuing demand for eco- 
nomic information, research, and analysis in 
both the public and private sectors. Issues re- 
lated to trade policy, food security, interna- 
tional market instability, market development, 
the organization and performance of interna- 
tional monetary and financial institutions, and 
the interdependence among trade and domes- 
tic food and agricultural policies are key areas 
likely to require additional attention of agricul- 
tural economists, particularly in the public 
sector. The private sector will require from 
corporate economists and from those in the 
public sector more detailed and specific data 
and analyses to guide market development and 
foreign investment activities. 

We expect American agricultural econo- 
mists to continue to be called upon for techni- 
cal assistance and *'institution building" in the 
developing countries of the world. For many 
of those countries, agriculture is the ''cor- 
nerstone" of economic development. Heavily 
affected as many have been by petroleum 
price increases and a large foreign debt-ser- 
vicing load, most developing countries face 
critical economic choices involving food and 
agriculture. 

The major onus of responsibility for devel- 
opment of economic information, research, 
and policy analysis concerning natural re- 
sources rests in the public sector. That is not 
to say that the private sector is unaware of, 
unconcerned with, or without need for rele- 
vant economic information concerning the 
economics of natural resource use but merely 
to remind that market forces that drive many 
of the ‘‘on-site’’ decisions concerning natural 
resource use fail to capture externalities asso- 
ciated with those decisions. With much of the 
"slack" already removed from the U.S. ag- 
ricultural production plant, we know much 
less than we should about the characteristics 
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of the long-run supply functions for land and 
water and the associated conservation, envi- 
ronmental impacts, and costs under conditions 
of sustained increases in agricultural produc- 
tion. 

Department chairmen and administrators 
were asked in our survey to indicate the most 
important areas toward which additional work 
in agricultural economics should be directed in 
the 1980s. These judgments provide further 
insight into areas of work where increased 
demands seem evident. 

(a) 39% saggested commercial agricultural 
production and marketing as areas requiring 
additional work. 

(b) 22% identified agricultural policy and 
structure issues zs highest priority. 

(c) 19% identified with energy and natural 
resource issues. 

(d) For the remaining 20%, undergraduate 
teaching programs and international trade and 
development were about equally distributed. 

A wide range о> specific problem areas were 
listed as most likely to require increased work 
by agricultural economists with scientists in 
other disciplines. Most frequently these were 
problems involving some aspect of production 
economics. Commonly, there was an energy- 
related component of the problems. Resource 
management issues, particularly about land 
and water, were high on many lists. A wide 
range of environmental concerns from inte- 
grated pest management to acid rain were 
noted. 

Strikingly, not a single department chairman 
or administrator indicated that rural develop- 
ment should be given high priority. Whatever 
the future may hold for funding of rural devel- 
opment, it clearly is an area in which the ap- 
plication of economics should be highly rele- 
vant and to which agricultural economists 
have the capability to contribute, given their 
considerable talents in relating ‘‘economic 
theory to observable facts" and their knowl- 
edge of rurzl institutions. Surely agricultural 
economists, as sccial scientists, have a unique 
responsibility to understand and assist in the 
resolution of economic problems of people 
and institutions in rural areas. 


Structure and Organization for Delivery 
of Service 
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tor continues as the major source of employ- 
ment, economic data, situation and outlook 
information, and basic economic analyses. As 
an integral part of the USDA-land grant 
partnership fashioned in the late 19th century 
and tailored to its present institutional form in 
the frst third of the 20th century, the public 
agricultural economics ‘‘establishment’’ of 
today bears many of the same strengths and 
deficiencies as the larger system. Several of 
the characteristics are worth noting as we re- 
flect on needs, priorities, and funding of the 
19805. | 
Decentralization. Institutionally, public sec- 
tor agricultural economics work is conducted 
in sixty-four land grant universities (fifty 
'*1862" and fourteen ‘‘1890’’), about fifteen 
other state universities and colleges, the fed- 
eral government (primarily USDA), most 
state governments, perhaps ten to twelve non- 
profit research and education institutions, and 
a few private universities. This decentraliza- 
tien of work is in many ways a strength of the 
establishment, tending to encourage respon- 
siveness to local needs, independence, and in- 
tellectual freedom, and precluding singular, 
authoritarian dogma in theory and methods. 
But in other respects it complicates communi- 


-cation and coordination, contributes to dupli- 


cation of effort, and inhibits development and 
implementation of concerted, discipline-wide 
initiatives. 

Specialization. In most universities and in 
the USDA, agricultural economists have been 
most commonly grouped in units or depart- 
ments that center around the discipline of eco- 
nomics. The disciplinary organization of our 
work is not inconsistent with the view of ag- 
ricultural economics as an "integrating sci- 
ence." And, it has permitted us to develop 
theory, methods, comprehensive data sets, 
and a macroview of agriculture which might 
not have been achieved otherwise. At the 
same time, there has been a tendency for isola- 
tion from other disciplines and ''problem-ori- 
емей” agricultural departments and units. 
That tendency inhibits interdisciplinary, mis- 
sion-oriented research of the type needed to 
resolve many of the problems of the 1980s. 

Pluralism. The ‘‘establishment’’ is diverse 
and pluralistic in mission, goals, methods, and 
funding sources. Most land grant departments 
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to each function. University programs em- 
phasize state and local issues: USDA pro- 
grams have a national and international focus. 
Research in universities is small in scale, heav- 
ily supported by graduate students, and 
oriented to the discipline, methodology, and 
longer-run problems. USDA research tends to 
be heavily applied, larger in scale, short-run, 
sometimes ‘‘crisis’’ oriented, with greater em- 
phasis on policy analysis and primary data 
collection. 

Again, there are strengths and benefits from 
pluralism. But these same strengths make it 
difficult to obtain clear national or disciplinary 
focus on programs, specify priorities or de- 
velop system-wide strategies. 


Strategies for Funding and Problem 
Solving in the 1980s 


Several indicators of tighter funding for ag- 
ricultural economics work in the 1980s could 
be cited. As a proportion of college budgets, 
funding for agricultural economics during the 
1970s declined in fifteen of the thirty-three de- 
partments responding to our survey. In late 
1980, Michigan State University was forced to 
furlough staff and severely restrict support 
services as a result of falling state revenues. 
Other states have been similarly, if less drasti- 
cally, affected by ''proposition 13''-type re- 
ductions in state revenue. At the federal level, 
the Reagan administration has proposed sharp 
reductions or smaller-than-expected increases 
in budgets for many nondefense-related func- 
tions and departments. To bring matters 
"closer to home,” the Reagan administration 
has proposed to reduce National Science 
Foundation grants for social, economic, and 
behavioral research from $49 million in 1981 to 
$16 million in 1982. The Washington Post re- 
ported that “OMB Director David A. 
Stockman and others have complained for 
years that social sciences produce little or 
nothing, and that their studies are often used 
to support liberal social programs." At the 
same time the Post reports, the administration 
has begun a ‘‘social science hour" at the 
White House to better understand the back- 
ground social facts against which policy will 
be mapped. 

Still closer to home," ESS (now ERS and 
SRS) recently conducted a two-day public 
meeting to obtain suggestions for establishing 
priorities on statistics and economic research 
in ESS and activities which might be reduced 
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or eliminated in the event that a 20% budget 
reduction were necessary in fiscal year 1983. 
Concurrently, the administration’s budget 
proposals for fiscal year 1982 included in- 
creases for agricultural economic research as 
well as all agricultural research. 

Although the funding levels for agricultural 
economics work for the immediate future are 
not yet clear, the direction toward tighter 
budgets and closer public accountability is 
evident. If, as we have suggested, demand for 
agricultural economics services continues to 
grow, we face difficult choices and the 
classical economic problem of allocating 
scarce, possibly scarcer, resources among 
competing uses. 

Obviously, no single initiative or funding 
strategy will suffice. Each institution will need 
to develop plans and strategies adapted to its 
particular or unique circumstances with re- 
spect to clientele, priorities, and the quantity 
and quality of available resources. Neverthe- 
less, there are several common and some 
multi-institutional or discipline-wide plans and 
strategies that warrant consideration and ac- 
tion. 


Monitor Funding and Resource Allocation 
for Agricultural Economics Work on a 
Regional and National Basis 


Communication within our decentralized sys- 
tem is difficult and highly imperfect. Yet, the 
availability of reliable, timely information is 
essential for planning and decision making. 
The need for such data is particularly impor- 
tant at this time when important decisions on 
funding and resource allocation may be taken 
in the context of tight budgets. These data are 
also essential for any informed, rational plan 
or strategy that might be undertaken subse- 
quently by the profession or groups of profes- 
sional institutions. 

The CRIS is an embryo of a useful system 
for these purposes. It contains, however, 
superfluous information and is subject to ex- 
cessive reporting lags. We suggest AAEA 
consider an annual survey of institutions hav- 
ing substantial resources devoted to agricul- 
tural economics, to obtain information on 
funding by functions and source and on alloca- 
tion of resources by subject matter field. 
These data might be reported at the annual 
AAEA business meeting. The questionnaire 
developed for use in preparing this paper 
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could be a point of departure. The CSRS/ 
USDA might be approached for funding assis- 
tance. 


Initiate Efforts to Identify High Priority 
Research and Exiension Needs for the !980s 


The profession has been loathe to undertake 
such efforts in the past. Certainly some of our 
past experiences, the pluralism of our wcrk, 
and the reluctance of some leading figures and 
entrepreneurs in our profession make it a risky 
venture. However, the invitation of the direc- 
tor of USDA's Science and Education Admin- 
istration to professional societies to develop a 
statement of priorities engendered a substan- 
tive statement from the AAEA Board in 
1980-81. Greater involvement by more irdi- 
viduals in the profession should be fostered in 
future efforts. 

To be useful and credible, a statement of 
priority needs must be more than a ''laundry 
ist" of what economists do or an amalgam of 
»latitudinous wishes. It should be keyed from 
a careful, comprehensive review of likely di- 
rections of agriculture, natural resource use, 
and rural America in the 1980s; the principal 
data and research needs to which those trends 
give rise; and a soter assessment of our capac- 
ity to respond to such issues. It must avoid 
being self-serving or condescending in tone, 
and it must above all be rigorous and profes- 
sional in content. With regional elaboraticn, 
one version could serve the profession as an 
indicative researck planning tool. But a sec- 
ond version also is needed—one which is 
issue- and output-oriented, stressing decision 
makers to be served, and the value of output 
to those decision makers. Where appropriate, 
scientists from other disciplines should be m- 
volved in preparing these statements, espe- 
cially the latter. Such statements should be 
updated and refined periodically to reflect 
changing needs and priorities. 

Whatever approach is taken should involve 
the AAEA as an active participant. One ap- 
proach might be for AAEA to ‘‘commission’’ 
a group of scholars nominated by the member- 
snip to draft the statement. Or, groups of 
scholars by subject matter field might be 
nominated to draft a series of statements 
to be integrated by another AAEA-appointed 
group. In any event, the statement should be 
the subject of written comments or conference 
dialogue by AAEA membership before final 
approval. Another variant would be to invite 
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the regional associations to draft statements 
with a synthesis made nationally by AAEA. 
Recent prototypes of statements of this type 
include Soil and Water Resources: Research 
Priorities for the Nation, sponsored by ten 
professional societies including the AAEA, 
and Animal Agriculture, Research to Meet 
Human Needs in the 21st Century, sponsored 
by five professional societies, several experi- 
ment stations, and the USDA. 


Assume a More Positive Stance in Funding 
of Agricultural Economics Work 


Unless we are prepared to exert influence with 
those who make decisions on the funding of 
agricultural economics work, the development 
of improved information and statements of 
needs and priorities are of little avail, however 
elegant they may be in formulation and exposi- 
tion. Other scientists have perceived this sim- 
ple truth more readily than we. For example, 
the American Society of Animal Scientists 
has appeared on several occasions before 
SAES/USDA research planning entities to 
present consolidated statements on research 
needs and priorities on behalf of its member- 
ship. The land grant forestry schools and the 
U.S. Forest Service have worked closely over 
the past decade under aegis of the Joint Coun- 
cil and its predecessor organization to develop 
comprehensive statements on forestry re- 
search needs on regional and national bases. 
Those statements have been used consistently 
for development and presentation of budget 
proposals in the USDA, SAES, and before 
congressional committees with considerable 
success. 

We know of no occasion in the past decade 
when a state agricultural economist has ap- 
peared before the House or Senate subcom- 
mittee on appropriations to support or com- 
mert upon the budget proposals of ERS or 
CSRS. Nor has the reverse occurred to our 
knowledge. 

Direct support for agricultural economies 
research in the budget-making process is dif- 
fuse and weak. With the exception of ERS and 
CSES, most budget proposals for economic 
research are ‘‘brokered’’ to appropriations 
bodies through deans or directors. Frequently 
those proposals are presented as ''riders'" to 
proposals from the physical and biological sci- 
ences where support may be higher. Typi- 
cally, it is more difficult to convey the purpose 
and value of economic research to legislators 
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than for sciences in which output can be ex- 
pressed in demonstrable physical terms. And, 
whereas farm and commodity organizations 
appear regularly before appropriations com- 
mittees to support physical or biological sci- 
ence needs and proposals, few appear before 
such bodies in direct support of economic re- 
search. Even our statistician colleagues enjoy 
stronger, more direct, external political sup- 
port than we do in the budget-making process. 
We should consider how best to build external 
support for our work and more effective rep- 
resentation of our interests in the budget-mak- 
ing process. 

We recognize the constraints, professional 
and legal, which pertain to ‘‘exertion of 
influence’’ in the budget-making process. We 
do not advocate politicization of the profes- 
sicn. But, indirectly and properly, we can be 
more active in supporting the funding of ag- 
ricultural economics work. For example, we 
might interact more extensively with IR-6, the 
SAES venture to support and coordinate 
SAES/SEA budgets for agricultural research. 
Perhaps we should seek more active involve- 
ment in the Joint Council on Food and Ag- 
riculture Sciences and its related bodies in- 
cluding the National Research and Extension 
Coordinating Committees and the regional 
councils and committees. Other institutions in 
which social science research and extension 
needs and priorities might be injected more 
effectively include the regional and national 
associations of land grant experiment station 
and extension service directors. Support from 
various interest groups might be explored. 

Currently, funding of agricultural econom- 
ics through the P.L. 89-106 Special Grants 
program is limited to one project—NC-117. 
Under management of CSRS, P.L. 89-106 au- 
thorizes ‘‘earmarked’’ funding of mission-ori- 
ented research in several disciplines. We be- 
lieve that, in collaboration with CSRS, we 
should explore further this source of funds to 
support mission-oriented agricultural econom- 
ics research. Further, we suggest that ERS 
and the land grant universities explore funding 
of joint projects through ERS appropriation 
requests. 

Effective joint planning and leadership are 
required for any of these approaches to suc- 
ceed. AAEA, the regional professional soci- 
eties, regional committees, informal research 
groups, as well as ERS and CSRS are potential 
sources of such leadership. 

At the state level an important source of 
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new funding is from business, industry, and 
commodity or special interest groups. Often, 
small marginal increments from these sources 
will permit initiation or conduct of research or 
extension projects which might not otherwise 
be undertaken or fully completed. However, it 
is essential that management and publication 
control of research or extension projects 
funded by the private sector or, for that mat- 
ter, funded by public agencies with action pro- 
grams or special mandates, be retained by the 
research or extension agency. T. W. Schultz 
has spoken succinctly of the issue in a recent 
paper: 
The core of my argument is that one of the primary 
functions of academic economists is to question soci- 
ety's institutions. Economists are all too complacent 
about their freedom of inquiry. They are not 
sufficiently vigilant in safeguarding their function as 
educators. . . . The distortions of economic research 
will not fade away by accommodating patrons of re- 
search funds. 


Develop Fewer, Larger Research Projects 
with a Regional or National Orientation 
One of the important needs of the 1980s is to 
develop new mechanisms to allow extension 
specialists and research workers to make more 
effective use of their skills and knowledge 
across state and county lines with appropriate 
funding transfers which recognize these con- 
tributions. This is a longer-term problem with 
no simple solutions. Castle, in his impressive 
Kellogg Foundation Lecture to the National 
Association of State Universities and Land 
Grant Colleges, speaks clearly about this issue. 
The need to build credibility, make use of our 
specialized knowledge and comparative ad- 
vantage within universities and disciplines, 
and reduce state and federal conflicts was em- 
phasized. But we cannot simply wait for ad- 
ministrators to find ways to build bridges to 
allow greater specialization and reduce over- 


laps in research and extension. We should 


ourselves take the initiative. We have several 
suggestions. 

Although performance of regional research 
projects has been uneven, we should continue 
to experiment with these devices. An objec- 
tive should be to build a regional system for 
research and extension without the formal 
structure and bureaucratic processes which 
have encumbered many regional projects. The 
NC-117 model, with a permanent core staff, 
full-time executive director, and funding from 
the SAES, USDA, "''off-the-top" regional 
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funds, and 89-106 Special Grants funds, has 
been highly successful in providing continuity 
of effort and coordination among participating 
institutions. Planning and commitments by the 
participating institutions are on a rolling 
three-year cycle—long enough to permit con- 
duct of research but short enough to avoid 
permanent institutionalization of the project. 
That model might be adapted to research on 
other major problems. 

A related, still-evolving mechanism to im- 
prove coordination and additivity in research 
is that of the International Trade Research 
Consortium, involving about ten U.S. end 
Canadian universities and the USDA (ERS 
and FAS) and jointly funded by those institu- 
tions. The Consortium evolved as an informal 
vehicle to bring together researchers havinz a 
major interest in and commitment to interna- 
tional trade research. Several workshops heve 
been conducted and a research agenda has 
been established with the intention of seek:ng 
funding from government, nonprofit founda- 
tions, regional, and university sources. With- 
out the formal structure of a regional project, 
but with a small core staff to provide con- 
tinuity and assist in coordination of effort, tais 
model of a suzcessful working group might be 
adapted to other situations as a means of seek- 
ing major funding when project proposals are 
reviewed competitively. 

A substantial amount of our resources is 
invested in development of quantitative eco- 
nomic models. Current requirements for de- 
velopment and maintenance of complex eco- 
nomic models are, in some cases, well beyoad 
the technical and financial capabilities of any 
single agricultural economics research institu- 
tion. We need to explore new institutional ar- 
rangements not only among U.S. institutions 
but with international research institutions as 
well. 

Initiatives and multi-institutional innova- 
tions such as these usually turn on the leader- 
ship of a few individuals. We should do more 
to encourage such innovations. The AAEA is 
a logical forum in which to explore these and 
cther types of institutional innovations 
through workshops, symposia, ''commis- 
sioned” papers, and other approaches. 


Participate Actively in Developing Researcà 
and Extension Proposals with Scientists 
in Other Disciplines 


There is need for a small, but important, frac- 
tion of agricultural economists to commit 
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themselves to take the initiative back at the 
project proposal stage to provide integration 
of economics and other disciplines. This will 
require specialization where an individual or a 
small team puts in perhaps 50% to full time on 
proiects that span three to five years. The need 
for such leadership and commitment cuts 
across all aspects of the discipline: produc- 
tion, marketing, natural resources, and policy. 
In cases where such leadership originates in 
agricultural economics, more than token fund- 
ing is likely to follow. Integration in the form 
of 10% of a scientific man-year annually is 
likely to lead to tokenism, with little impact on 
the project. 

If public funding for research and extension 
is iacreasingly targeted to special problems as 
perceived by Congress and state legislatures, 
then agricultural economists must take leader- 
ship in developing proposals to solve these 
problems and help to define special projects 
for study. This will require specialization and 
a commitment to learn more about applied bi- 
olozy and engineering. It will be a mandate for 
a small percentage of all agricultural econo- 
mists to be integrators with both fellow econ- 
omists and those working directly with scien- 
tists from other disciplines. 

In the near term at least, funding prospects 
appear brighter for the physical and biological 
sciences than for economics. On a purely 
strategic basis for future funding as well as for 
the reasons cited previously, we should con- 
sider seriously means of aligning ourselves 
more closely with those sciences. AAEA 
could encourage interdisciplinary work by 
regularly including a forum in its meetings for 
reporting the results of such work and extend- 
ing its liaison representation to other profes- 
sional societies. Some special recognition of 


. published research in this area might provide 


further stimulus. 
Concluding Comments 


Comparatively speaking, we fared reasonably 
wel. in the funding of our work in the 1970s. 
But the 1980s pose new challenges and oppor- 
tunities for us—prospective growth in demand 
for services and scarce, possibly scarcer, real 
rescurces. 

To meet those challenges and opportunities 
requires that we be prepared to innovate in- 
stitutionally; that we seek new approaches to 
conducting our work within the discipline and 
with other disciplines; that we set forth some 
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central directions and priorities to enhance our 
image and credibility with potential funding 
sources, old and new; that we attempt seri- 
ously to plan and, yes, even coordinate, our 
work in a manner to enhance our collective 
productivity and efficiency. 

Passive observation of the changing envi- 
ronment of agricultural economics work will 
not improve our productivity or improve deci- 
sions in the allocation of scarce resources. But 
neither will short-run actions of expediency! 
What seems to us to be required is that we 
begin to view our individual services as collec- 
tive services, not just for disciplinary pur- 
poses, but in the interests of agriculture, rural 
America, and the public at large. So viewed, 
collective action in the development of appro- 
priate funding strategies seems appropriate. 

The key to our suggestions is, of course, 
leadership—effective, forward-looking lead- 
ership—at numerous junctures in the pro- 
fession. AAEA is one such juncture. It is in 
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that vein that we have made our case and our 
recommendations. 
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Funding for Agricultural Economics: 


Discussion 
Joseph Havlicek, Jr. 


Farrell and Stanton are to be complimented on 
an excellent paper dealing with (a) funding 
patterns and changes in support for research in 
agricultural economics and nonagricultural 
?conomics areas during the 1970s, (b) factors 
influencing the demand for services of agricul- 
tural economists and the capacity to service 
that demand, and (c) some strategies for fund- 
ing agricultural economics research and for 
better utilizing resources currently available 
for agricultural economics research. I have no 
quarrel with any parts of their paper, and the 
focus of my discussion is on shedding addi- 
tional light on some of their major points. 
The analysis of funding patterns of agricul- 
tural economics and nonagricultural econom- 
ics research by Farrell and Stanton is based on 
data obtained from a survey of heads of de- 
partments of agricultural economics and un- 
published CRIS data on funding of agricultural 
economics research. To complement their 
analyses, I have analyzed the patterns in fund- 
ing of agricultural economics research from 
1970—79, as exhibited by the expenditures in 
twenty-three research problem areas (RPAs) 
which encompass agricultural economics re- 
search. The twenty-three RPAs analyzed were 
108, 114, 316, 503, 506, 507, 508, 509, 510, 601, 
602, 603, 604, 703, 801, 802, 803, 804, 807, 808, 
902, 907, and 908. The data were obtained 
from the Inventory of Agricultural Research, 
volume 2, tables 2, 3, and 4, FY 1970-79. 
Some of the RPAs encompass other than ag- 
ricultural economics research, but the total 
funds allocated to the RPA were used because 
there is no basis for separating out the funds 
allocated to agricultural economics research. 
The funds allocated to agricultural economics 
research covered by the RPAs include alloca- 
tions to departments and research units other 
than departments of agricultural economics 
and agricultural economic units in the USDA. 


Joseph Havlicek, Jr., is a professor, Department of Agricultural 
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Also, the constant dollars were obtained by 
using the implicit deflator for government pur- 
chases of goods and services, which is a dif- 
ferent deflator than the one used by Farrell 
and Stanton. 

Farrell and Stanton found that the propor- 
tion of all agricultural research funds allocated 
to agricultural economics research was about 
6% in the first half of the 1970s and a little 
more than 7% in the last half of the 1970s. 
Based on the data for twenty-three RPAs, the 
comparable proportion for the same time pe- 
riod ranged from 6% to 7% in the State Ag- 
ricultural Experiment Stations (SAES) but 
from 9% to 13% in the USDA. Also, on a 
regional basis the South and the West had the 
lowest figures, 5% to 6% and 496 to 5%, re- 
spectively. In the North Central Region 796 to 
9% and in the Northeast 7% to 10% of all 
agricultural research funds were allocated to 
agricultural economics research. None of 
these percentages exhibited any apparent 
trend during the 1970s, and thus agricultural 
economics research does not seem to be faring 
any better relative to other agricultural re- 
search. 

In terms of changes in constant dollars, Far- 
rell and Stanton found that funds allocated to 
agricultural economics research increased 
about 45% from 1970 to 1979, while constant 
dollars allocated to other agricultural research 
increased about 2796. The percentages based 
on the twenty-three RPAs are somewhat 
lower. In the SAES, the constant dollars allo- 
cated to agricultural economics research in- 
creased 42% from 1970 to 1979, and constant 
dollars allocated to other agricultural research 
increased 28%. The comparable percentages 
in the USDA were a 32% increase in constant 
dollars for agricultural economics research 
and only an 8% increase for other agricultural 
research. But some striking differences exist 
among the four major regions of the United 
States, with the South exhibiting an 85% in- 
crease in constant dollars allocated to agricul- 
tural economics research from 1970 to 1979 
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and a 53% inctease in constant dollars allo- 
cated to other agricultural research. In the 
Northeast, the constant dollars allocated to 
agricultural economics research increased 
about 41%, while the constant dollars allo- 
cated to other agricultural research declined 
3%. In the West, constant dollars for agricul- 
tural economics research increased 45% and 
constant dollar funds for other agricultural re- 
search increased 28%. The North Central Re- 
gion exhibited only a 12% increase in constant 
dollar funds for agricultural economics re- 
search and a 20% increase in constant dollars 
for other agricultural research. 

The number of scientist years (SY) and 
funding per scientist year are other measures 
which provide some information atout how 
agricultural economics research compares 
with other agricultural research. The 1979 data 
on scientist years is preliminary and question- 
able, so the analysis of the data for the 
twenty-three RPAs was performed for the 
1970-78 period rather than the 1970-79 period. 
In the SAES the number of scientist years 
devoted to agricultural economics research in- 
creased 22%, and the number allocated to 
other agricultural research increased 12%. In 
the USDA the increases in scientist vears are 
considerably less, with agricultural economics 
research exhibiting a 3% increase and other ag- 
ricultural research showing only a 1% in- 
crease. In the SAES the constant dollars allo- 
cated per scientist year in agricultural econom- 
ics research increased 7% from 1976 to 1978 
and increased 18% in other agricultural re- 
search. In the USDA the constant dollars per 
scientist year increased 45% in agricultural 
economics research and 15% in other agricul- 
tural research. Hence, there have been greater 
increases in SYs in the SAES, but the constant 
dollar funds per SY have increased consid- 
erably more in the USDA than in the SAES. 

One cannot help but comment on the fact 
that in the survey conducted by Farrell and 
Stanton not one department chairmen or ad- 
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ministrator gave rural development a high- 
priority rating. It is doubtful that this result 


. implies that those responding do not feel that 


important economic problems exist in the 
rural development area. Rural development 
research has been difficult to assess, and the 
usefulness of some past research in this area 
has been questionable. One of the difficulties 
with assessing rural development research is 
that the output of the research is difficult even 
to identify, and little headway has been made 
in measuring it. 

Finally, there seem to be some severe 
difficulties with the general public, and these 
difficulties are likely to get worse. Even 
though the figures discussed by Farrell and 
Stanton and myself suggest that agricultural 
economics research has fared no worse than 
other agricultural research, the increases are 
not exactly spectacular, given that they en- 
compass ten funding years. The increases are 
indeed modest. Science and research have lost 
credibility with the general public as well as 
the public’s support. It may be a characteristic 
of the time that it is bad to be an agricultural 
scientist, even worse to be a social scientist, 
and worst of all to be a social scientist in 
agriculture. Part of the difficulties with the 
general public may be due to the inadequate 
job we have done in informing the general 
public about what researchers do and the ben- 
efits of their activities. Even in cases where 
attempts have been made to communicate the 
benefits of research activities, the focus has 
been on producers and legislators and not on 
consumers, who are the ultimate beneficiaries 
of agricultural research. However, the prob- 
lem may be more serious than communication. 
Agricultural economists may not be dealing 
with the important and relevant economic and 
policy issues of the general public. This, of 
course, is more difficult to deal with than just 
improvement of communication. But both of 
these difficulties with the general public offer 
challenges and opportunities for the 1980s. 
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Discussion 
W. D. Toussaint 


I would like то commend Stanton and Farrell 
for the work -hey did in compiling the data for 
their paper and for supplying us with their 
analysis and recommendations. I will com- 
ment on several points relative to both data 
and recommendations. 

Their data seem to show an increasing share 
of the public sector research dollar going to 
agricultural economics research in the last de- 
cade. This may be true. It may be, however, a 
function of the CRIS system and how research 
projects are coded. They retrieved their data 
on Field of Szience 2630 (economics). I found 
earlier that a very high proportion of the 2530 
research in some southern states is in other 
departments (Toussaint, p. 24). We would 
have to know what the trend has been in re- 
porting 2630 in other departments, to have a 
better feel for this. Further, I found (p. 25) 
that the share of state agricultural experiment 
station funds expended in agricultural eco- 
nomics departments generally fell in the 
southern states from 1967-68 to 1977-78, 
which seems a little at odds with the findings 
of Farrell and Stanton. Funding for extension 
activities in these same states also seemed to 
decline sligh:ly. 

Farrell and Stanton show that more depart- 
ment heads indicated an increase than indi- 
cated a decrease in agricultural economics 
funding as a proportion of college budgets. I 
suspect this is due primarily to the teaching 
component. If the lag in reallocating teaching 
funds were not so long, I suspect that we 
would have an even larger share of university 
budgets todzy. This agrees with the authors’ 
point that research may have subsidized teach- 
ing during this period of rapidly increasing en- 
rollments. Throughout the nation we have had 
greatly increased enrollments in business and 
economics. As a consequence, teaching loads 
have become much larger in these areas. 


The author is a professor of economics and business a: North 
Carolina State Uriversity. 


Why might our share of research funding 
have dropped, if it has? I believe that agricul- 
tural economics research has declined in value 
in the eyes of experiment station directors in 
recent years. Real funding for research has 
decreased, and, as budgets are squeezed, di- 
rectors look for projects with visibility and 
high, immediate payoff. We do not always rate 
well on these scores. As experiment stations 
rely more on nonpublic funding sources, they 
must have research that has high payoff to 
their commodity groups. Ruttan (p. 12) says: 


. . . both consumers and producers tend to support 
those agricultural research activities with which they 
have the most direct contact. The relatively sophisti- 
cated arguments based on relative shifts in demand 
and supply functions and on changes in producers' 
and consumers’ surplus have apparently been 
difficult to translate into a language that generates 
political support from organized producers or con- 
sumers. 


Rural development research has hurt us in 
many eyes, and this is not all our fault. Re- 
member that the money was almost forced 
upon us and, in many cases, only replaced 
funds for other projects. Many of us were not 
ready for this kind of research; we did not 
always have all the skills. As a consequence, 
much of our work was not particularly good. 
Other research was not easy to evaluate. 

Farrell and Stanton ask why we should have 
to get new funding by attaching riders to phys- 
ical science requests. It may be a little difficult 
for us to swallow, but this may continue to be 
a gocd strategy. Riding with physical science 
requests and participation in interdisciplinary 
research may be two of our best strategies for 
gaining visibility and funding. 

I must admit to being less than hopeful 
about gains to be achieved by our profession 
as a group, spelling out and advertising our 
needs and our contributions. Previous at- 
tempts to do this often have ended looking like 
the usual report put together by a committee. 
For example, Animal Agriculture: Research to 
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Farmers, farm pcliticians, and agricultural 
economists have something in common, Their 
products, whether food, laws, or theories, are 
dependent upon the weather. This is obvious 
in the case of farmers. Their product depends 
tpon many things, including the state of the 
arts in agriculture in a particular region or 
ration, the availability of credit, the costs of 
energy and fertilizer, and so on, yet the over- 
riding variable, with only limited exceptions, 
is weather. If the monsoons are favorable in 
India, the frost holds off in the Soviet Union, 
and timely rainfall comes to Argentina, Au- 
stralia, Canada, and the United States, there is 
& world surplus of grain. Conversely, if 
weather conditions are unfavorable in these 
areas, the world faces shortages. 

If there are surpluses, politicians face the 
problem of establishing programs that will as- 
sure farmers reasonable incomes, reduce pro- 
duction, remove surpluses from the market 
end dispose of them, and bring about the re- 
tention of the politicians in office, all at little 
cost to the taxpayer. If there are shortages, the 
problems are still complex, with questions of 
export embargoes, high consumer prices, the 
maintenance of farm income, the stimulation 
of increased production that will ease short- 
eges and not lead to surpluses, and the reten- 
tion of the politicians in office, all at little cost 
to the taxpayer. 

The relationships between the weather and 
the agricultural economists is not so clear un- 
less we accept anc keep in mind the proposi- 
tion that weather is the most important cf all 
the variables in determining whether we have 
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surpluses or shortages, or, indeed, whether we 
reach that golden mean where production 
equals effective demand. Thus, over the past 
thirty-five years since World War II, the dom- 
inant economic theory at any given moment 
has been, when surpluses were at hand, they 
threatened to drag the economy down to disas- : 
ter; or, if there were shortages, the world was 

threatened with starvation and wars over food 

supplies. Oddly enough, weather conditions, 

with their resulting surpluses or shortages, led 

some economists to make rather short and fast 
turnabouts. For the most part, though, it ap- 
pears that economists belonging to two differ- 
ent schools of thought have taken turns ex- 

plaining their theories and making their fore- 

casts as world weather has changed. 

Because there is little we can do to bring 
about major changes in the weather, at least 
wita present technologies, we will accept it as: 
given, so far as this paper is concerned. Our 
purpose will be, then, to look at the relation- 
ships between agricultural policies and pro- 
grams as they relate to world food supply and 
to look at economic theories and forecasts be- 
cause they have an effect on policies and pro- 
grams. The programs and policies of many 
nations and of international organizations af- 


fect the world food supply, but our paper is 
limited to those of the United States, with 


some attention to the relationships of the 
United States to other nations and to interna- 
tional organizations. 

World War II ended with American farmers 
reaching the highest levels of food production 
ever in 1945 and 1946, yet world shortages 
threatened many people with starvation. 
Vocal American consumers, because of high 
incomes and rationing and shortages during 
the war, were calling for the removal of all 
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restrictions on consumption. Producers felt 
that price controls had limited their possible 
profits and also were urging the end of controls 
(Wilcox). : 

The federal government had been discussing 
postwar relief in Europe and other parts of the 
world almost from the time of Pearl Harbor. 
By the fall of 1943, various proposals and dis- 
cussions had led to an agreement to establish 
the United Nations Relief and Rehabilitation 
Administration. The agreement was signed on 
9 November 1943, by the representatives of 
forty-four nations. The Department of Ag- 
riculture played an important part in establish- 
ing and staffing UNRRA. 

UNRRA was to be a temporary organiza- 
tion that would end with the completion of its 
mission. Even before it was established, a 
permanent international organization to deal 
with food and agricultural problems was being 
discussed, with an international conference 
held at Hot Springs, Virginia, in May and June 
of 1943. In July 1945, the Food and Agricul- 
ture Organization of the United Nations came 
into being. The Department of Agriculture had 
been the continuing force behind the estab- 
lishment of FAO and contributed heavily to its 
staffing. 

By the time the postwar food crisis hit the 
world, there were international organizations 
and sheaves of plans in the Department of 


Agriculture for dealing with it. However, there: 


was not enough food to go around. The tre- 
mendous grain reserves had been turned into 
meat, dairy, and poultry products to feed our 
armed forces, allies, and civilians. During the 
last months of the war, some policy makers 
had determined to leave a bare pantry, fearing 
that surpluses would soon return, as they had 
following World War I. The policy makers of 
various agencies ànd allied countries dis- 
trusted one another, each thinking that the 
other was hoarding large stockpiles of food. 
However, the stockpiles proved to be imagi- 
nary. The crisis was so severe that President 
Truman announced a series of emergency 
measures and appointed a Famine Emergency 
Committee and a National Famine Emergency 
Council to provide leadership and obtain pub- 
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grain. From 1945 to 1948, the United States 
supplied more food to the hungry abroad than 
any other nation has ever done before or 
since. The question still remains whether or 
not our efforts were adequate. As might be 
expected, evaluations about what should have 
been done and what was done vary. One 
well-known economist, Theodore W. Schultz, 
said in 1946: ‘‘The United States has on sev- 
eral major counts—seriously, in my judg- 
ment—mismanaged its food supplies. . . . in 
the United States the average person’s con- 
sumption has jumped to the unprecedentedly 
high level of thirty-three hundred calories per 
day. . . . we should return to our wartime 
levels of food consumption, in order to stand 
by the European and Oriental peoples during 
this world-wide food crisis" (Moore, Schultz, 
Tolley, pp. 22-23). 

The postwar planning effort in the U.S. De- 
partment of Agriculture (USDA) was led 
mainly by some of the Department’s outstand- 
ing economists, including Howard Tolley, 
Leslie Wheeler, Roy Kimmel, Raymond С. 
Smith, Louis Bean, and Mordecai Ezekiel. 

Soon after the outbreak of the war in 
Europe and long before Pearl Harbor, Presi- 
dent Roosevelt had ordered each cabinet 
officer to produce a set of postwar projects. 
One objective of this exercise was to be pre- 
pared for a postwar economic slump. The 
economists in the USDA saw this as the op- 
portunity to make some badly needed long- 
term adjustments in the American agricultural 
plant. Plans were to be prepared for each 
major region of the country. The principal 
concerns were (а) an adequate income and 
level of living for farm families; (b) care of the 
soil, with consideration for the differences in 
soils and climates to insure a permanently. 
productive agriculture; and (с) production of 
those commodities demanded by the market 
with abundance but no large surpluses. 

The postwar plans of the economists in the 
USDA, in retrospect, seem sound to us. Many 
of their objectives have been achieved, with or 
without planning. But when the content of 
these plans reached the ears of the public, the 
wrath of certain influential politicians de- 
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passed the Foreign Assistance Act, the author- 
ity for the Marshall Plan to revive Western 
Europe. Substantial shipments of food were 
made under the plan. Amid all of the crisis 
activities a few economists began taking a 
longer look into the future. Pearson and 
Harper, writing in the closing months of the 
war, held that food shortages were caused by 
demand for higher quality food and a 
worldwide shortage of arable land. They of- 
fered no hope of a rapid worldwide increase 
in food availability and postulated that if a 
projected rapid increase in population mate- 
rialized, diets would have to be downgraded if 
famine was to be avoided in some parts of the 
world. Albert Viton, chairman of the Interna- 
tional Emergency Food Council, told the 
Farm Economics Association in 1947 that a 
new economic philosophy had emerged in the 
postwar period. This philosophy of ‘‘full em- 
ployment’ would lead to rapid economic 
growth, increased demand for higher-quality 
focd, a period of relative prosperity for ag- 
riculture and rapidly increasing agricultural 
output in both the developed and less devel- 
oped areas. He cautioned, however, that there 
would be regional maladjustments and tha: the 
United States might see the return of surpluses 
by 1949 or 1950 (Pearson and Harper). 

The first worldwide census effort, made 
under the auspices of the United Nations in 
1950, showed that a population explosion was 
in progress. The world, by this time sorely 
divided by the cold war, faced an indefinite 
period of food imbalances and insecurity. The 
traditional bread basket of Europe was behind 
the iron curtain. The rice bowl of southeast 
Asia was torn by fratricidal warfare. A new 
group of economists at the USDA began to see 
long-term opportunities for American agricul- 
ture in foreign markets. 

The message went out to American farmers: 
“Expect to fill a fifth plate at the dinner ta- 
ble." That is, agricultural exports were ex- 
pected to take about one-fifth of our prcduc- 
ticn. Farmers could maintain and even expand 
production without fear of price-depressing 
surpluses. 

The eupkoria was short-lived. With the end 
of the Marshall Plan and the Korean War, 
surpluses returned in the United States. AI- 
though there had been proposals for the estab- 
lishment of international buffer stocks and re- 
serves of food under consideration since 1937 
and the subject had generated a good deal of 
heat at the Hot Springs Conference, the econ- 
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omists, here and abroad, could only agree 
to disagree. Even the International Wheat 
Agreement ratified in 1949 made no provision 
for food reserves. 

The Agricultural Act of 1949 provided the 
first authority for donating surplus agricultural 
commodities abroad through United States 
voluntary relief organizations. А significant 
step in technical assistance also came in 1949 
when President Harry Truman, as Point 4 of 
his foreign policy, stated that we must make 
ovr scientific and industrial advances available 
to underdeveloped areas. Special legislation 
provided for food donations to help the Greeks 
and Turks in their fight to repel communist 
take-over attempts in 1952 and to relieve 
famine in Pakistan in 1953 (Matusow). In 1953 
the legislative hoppers were filled with pro- 
posals to get rid of agricultural surpluses by 
shipping them out of the country by one means 
or another. The prospect of large-scale export 
dumping by the United States alarmed the 
other wheat exporting countries and some 
major developed importing countries. The 
1953 session of the FAO Conference, after 
considerable discussion, directed its Commit- 
tee on Commodity Problems to study the 
means and principles of international disposal 
of surplus agricultural commodities. The 
Committee met in Washington during Feb- 
ruary and March of 1954. It produced a set of 
recommended principles to be followed in the 
disposal of agricultural surpluses. From the 
language used in this document and the lan- 
guage which became U.S. law in the Agricul- 
tural Trade Development and Assistance Act, 
better known as P.L. 480, it is apparent that 
there was very close communication between 
the Committee on Commodity Problems and 
those who drafted P.L. 480. Mordecai Ezekiel 
reportedly drafted the ‘‘Principles’’ recom- 
mended by FAO (United Nations 1954). 

In spite of the language similarities, how- 
ever, the Agricultural Trade Development and 
Assistance Act did not result from FAO pro- 
posals. There were a number of surplus- 
disposal bills introduced in 1953, as noted pre- 
viously, and there were a number of commit- 
tees studying them. In a maze of bureaucratic 
wrangling, the interdepartmental committee 
on the surplus, established by President 
Dwight Eisenhower and chaired by Undersec- 
retary of Agriculture True D. Morse, finally 
agreed on an administration bill. It was a com- 
promise between the proposals of the Amer- 
ican Farm Bureau Federation and the desires 
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of several federal agencies to control the new 
program. The bill moved quickly through the 
Congress and was approved by the president 
on 10 July 1954 (Peterson, pp. 36-41). The law 
has remained a cornerstone of American pro- 
grams relating to world hunger. 

Public Law 480, as enacted in 1954, had four 
titles: Title I provided for sales of surplus ag- 
ricultural commodities for foreign currencies 
which could not be converted into U.S. dol- 
lars. The disposal of these currencies was to 
be arranged through agreement between the 
receiving country and the U.S. State Depart- 
ment, but a certain percentage was to be re- 
served for U.S. uses such as financing our 
embassies. Title II provided for donations of 
surplus commodities for disaster relief through 
U.S. voluntary organizations of friendly gov- 
ernments. Some limited donations could be 
made for economic development. Title III 
provided for the barter of surplus agricultural 
commodities for strategic and critical mate- 
rials to be added to U.S. stockpiles of these 
materials. Title IV provided for long-term 
credit to finance dollar sales of agricultural 
commodities. Titles I and II cover the P.L. 480 
functions that will be discussed in this paper. 

Mordecai Ezekiel and Rodan Rosenstein 
were sent to India by the FAO to monitor the 
first use of surplus food. This landmark re- 
search provided the detailed economic ratio- 
nale for the use of surpluses to help finance 
economic development. The study ccncluded 
that surpluses to be used for development 
should be tied to an equal amount of other 
resources and committed to designated proj- 
ects. When surpluses are used to put unem- 
ployed men to work and they produce some- 
thing that adds to the capital goods of the 
country, development is taking place (Ezekiel; 
Iowa 1962, pp. 278-301; UNFAO 1955). 

Although forty-eight countries acce»ted the 
principles set forth by the FAO on the disposal 
of agricultural surpluses, and these were re- 
affirmed when the Wheat Utilization Com- 
mittee was established in 1959, they were 
more frequently honored in the breack than in 
the observance at least up until 1965. 

The terms of surplus agreements under P.L. 
480 in the late 1950s and early 1960s put more 
emphasis on protecting and maintaining ‘‘usu- 
ual" commercial imports than on uses for de- 
velopment or preventing the concessional 
sales and grants from acting as disincertives to 
farmers in the recipient country. The Sub- 
committee on Surplus Disposal of the Com- 
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mittee on Commodity Problems of the FAO 
continued to monitor surplus disposal. Studies 
in Japan and Pakistan showed that the pro- 
gram had worked along recommended lines in 
Japan, but that in Pakistan and some other 
countries it had only supported increased con- 
sumption. Cheap food policies in many Latin 
American and Asian countries tended to stifle 
domestic agricultural production. Sudden 
cut-offs of commodities after countries had 
become dependent on them carried serious 
threats to vulnerable populations. In 1959, for 
example, the cut-off of supplies of dry skim 


` milk was damaging to child-feeding programs 


in many countries (Davis, Shefrin, Iowa 
1962). 

The FAO objectives of food for develop- 
ment proved difficult to implement. The agen- 
cies with capital to disburse, such as the 
World Bank and the U.S. International Coop- 
eration Administration, favored large capital- 
intensive, show-piece projects. Food-for-work 
inputs to such projects were a nuisance. Small 
labor-intensive projects cost too much to ad- 
minister. Furthermore, the voluntary agencies 
who disbursed a large part of the food-aid 
grants were oriented toward charitable, disas- 
ter relief types of operations and protested 
against the requirements that their deprived 
clientele be forced to work for food donated 
by the American people. Nevertheless, a few 
highly successful food-for-work projects were 
implemented during the 1950s. For example, 
Elmer Starch conceived and carried out a 
pioneering program of reforestation and 
small-scale irrigation in Tunisia. 

During the late 1950s much of the surplus 
food sold for local currencies went to techni- 
cally advanced but food-deficit countries: Ja- 
pan, Israel, Taiwan, and Korea. Each was 
densely populated, with limited tillable land. 
Each of these countries concurrently invested 
in developing its own agriculture, perhaps not 
with the objective of becoming self-sufficient 
in food, but of developing a highly productive 
specialized agriculture. Each graduated from 
food aid dependency during the 1960s and has 
become a sometime-competitor, sometime- 
customer for U.S. agriculture. Surplus dis- 
posal had justified some of the original theoret- 
ical expectations but had opened up a whole 
series of new problems (DeBlois). 

India was an example of food aid results at 
the other extreme. By 1960 the accumulation 
of blocked currencies resulting from P.L. 480 
sales was so large that it was threatening the 
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financial structures of the country (Purvis). 
Surpluses were being produced in the expcrt- 
ing countries, particularly the United States, 
faster than they cculd be channeled into con- 
sumption, regardless of the mode of payment 
or nonpayment. The original AAA of the U.S. 
»rogram had been designed to control produc- 
tion, but through political and economic pres- 
sures over the years it had put a premium 
on efficiency resulting in increasing yields and 
increased production. World prices of ccm- 
modities were in a continuous downward 
trend from the early 1950s. This was the prin- 
zipal item on the agenda for the meeting of the 
Economic and Social Council in the summer 
of 1959 (United Nations 1959). Obviously the 
large volume of U.S. exports, both commer- 
cial and concessional, had influenced the irend 
of world prices. Thus, our exports had become 
a disincentive to the expansion of production. 
At any rate, it was necessary to negotiate in 
1959 a P.L. 480 agreement of record-breaking 
magnitude with India to fill her food grains 
deficit during the ensuing four years. The 
morocco-bound volumes of a landmark study 
entitled India’s Food Crisis and Steps to Meet 
It were left to molder on the shelves cf the 
library of the Ministry of Agriculture (Ford 
Foundation). This study had been funded by 
the Ford Foundation and led to its rural devel- 
opment program in India which, in the short 
run, did little to increase food availability. By 
1965, when the monsoon failed, India was al- 
ready a basket case. 

But by 1965 the economists had provided 
the politiciars with a whole new basket full of 
economic theories and statistical data. Gal- 
braith, having published American Cap- 
italism; the Concept of Countervailing Pow- 
er (1956), The Affluent Society (1958), and 
Economic | Development in Perspective 
(1962) and having also served as U.S. ambas- 
sador to India 1961-63, was advising and 
criticizing the administration in Washington 
from his dais at Harvard. Walter W. Rostow, 
having produced The Stages of Economic 
Growth, a Non-Communist Manifesto. was 
firmly entreached in the inner policy maxing 
councils of the State Department. Gunnar 
Myrdal assumed the mantle of Thor with pub- 
lications like Rich Lands and Poor, The Road 
to World Frosperity, and Challenge to Af- 
fluence, and was writing the Asian Drama, an 
Inquiry into the Poverty of Nations in 1968. 

The period 1959-65 witnessed an upsurge in 
publications on economic development, ag- 
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ricultural development, and food and popula- 
tion problems. The views of Galbraith and 
Rostow dominated a study on foreign aid poli- 
cies produced by the Maxwell Graduate 
School of Citizenship and Public Affairs for 
the Senate Foreign Relations Committee in 
1959 (U.S. Congress, Senate, Foreign Rela- 
tions Comm.). Thus study suggested that food 
surpluses be committed over a period of years 
to enable countries to use their limited finan- 
cial resources to push industrial development. 
It stated that many of the densely populated 
less developed countries (LDCs) could never 
hope that agriculture could supply an adequate 
level of living for their populations. Its policy 
repercussions are evident in the aforemen- 
tioned P.L. 480 agreement with India and in 
India's second five-year plan which stressed 
industrial development. 

Bruce F. Johnston and John W. Mellor 
began the counterattack with ‘‘The Nature of 
Agriculture’s Contribution to Economic De- 
velopment’’ published by the Stanford Food 
Research Institute in November 1960. A year 
later in the American Economic Review, they 
published ‘‘The Role of Agriculture in Eco- 
nomic Development." Johnson and Mellor 
postulated three phases in agricultural devel- 
opment: 

Phase I: Providing the preconditions for ag- 
ricultural development. 

Phase П: The use of low-capital, labor- 
intensive technology results in increasing 
yields per acre and overall production. 

Phase III: Reinvestment of profits in the 
agricultural sector leads to more capital- 
intensive technologies, reduced labor inputs 
and rapidly rising productivity. 

The authors said that due to the availability 
of cheap land and the scarcity of labor, this 
development path was not followed by the 
United States. Japan and Taiwan were cited as 
good modern examples. 

A session at the 1960 annual meeting of the 
Farm Economic Association featured a paper 
by Theodore W. Schultz on the ‘‘Value of 
U.S. Farm Surpluses to Underdeveloped 
Countries." Max Myers, at another session, 
said that public support for the use of agricul- 
tural surpluses to meet the food needs of 
food-deficit countries was a dynamic move- 
ment in both the producing countries and the 
deficit countries. This was evident in public 
support for ‘‘Food for Peace" and FAO’s 
“Freedom from Hunger" campaign launched 
in 1960. Don Paarlberg had left the Depart- 
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ment of Agriculture late in 1958 to head a Food 
for Peace office in the White Housz. 

A new thrust of research on world food 
problems began early in 1961 in the USDA. 
The initial product, entitled The World Food 
Deficit, A First Approximation, was published 
in March 1961. This was followed in October 
1961 by The World Food Budget 1962 and 
1965. 'These studies led to a contract (called a 
PASA) with the Agency for International De- 
velopment for the Economic Research Service 
to carry out a study of agricultural develop- 
ment in twenty-six developing nations (USDA 
1965). A study group headed by James P. 
Cavin was established by Willard Ccchrane in 
the Economic Research Group in 1961. Its 
widely circulated report, issued in March 
1963, stressed the importance of agriculture to 
development. 

Meanwhile, a young economist in the 
USDA was writing two monographs, Man, 
Land and Food, Looking Ahead at World 
Food Needs folowed by Increasing World 
Food Output: Problems and Prospects. Lester 
R. Brown, the author, acknowledges in the 
preface to the latter volume that he had at- 
tempted to apply Rostow's concepts of eco- 
nomic growth to the agricultural sector, sub- 
stituting yield per acre for income per person 
in applying the takeoff concept. Politically, it 
was a coup, as Rostow reciprocated by ac- 
knowledging the role of agriculture in eco- 
nomic growth. Secretary of Agriculture Or- 
ville Freeman's objective of reestablishing the 
role of agriculture, and particularlv of the 
USDA in the foreign aid program was ad- 
vanced. Funding from AID for continuing 
USDA research on agricultural development 
. was assured and the participation сЁ action 
agencies such as the Forest Service, the Soil 
Conservation Service, the Rural Electrifica- 
tion Administration, the Agriculture Stabiliza- 
tion and Conservation Service, and the Ag- 
ricultural Research Service in foreign agricul- 
tural development projects was gradually in- 
creased. A new agency, the International Ag- 
ricultural Development Service, was estab- 
lished to coordinate USDA participa-ion. 

Research on agricultural development was 
also expanding in the land grant colleges 
and other institutions. A notable conference, 
which brought together professionals from 
many disciplines to discuss the role of food 
and agriculture, was held at Iowa State Uni- 
versity in February 1962 (Iowa 1962). A World 
Food Congress was held in Washington, D.C., 
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14-18 June 1963. It was jointly sponsored by 
the FAO Freedom from Hunger Campaign, 
the U.S. Agency for International Develop- 
ment and the USDA. The list of participants 
read like an international Who’s Who. Arnold 
Toynbee and Orville L. Freeman expressed 
opposing views on the future prospects of the 
world’s ability to feed itself. Freeman, the op- 
timist, said that the export of U.S. technology 
would produce a worldwide explosion in 
yields (Toynbee, Freeman 1963). 

The imaginative use of U.S. surplus stocks 
of grains to ‘‘buy time’’ while development 
programs increased yields in food-deficit 
countries was also advocated by the Freeman 
administration. When the food crisis devel- 
oped in India in 1965-67, it was thoroughly 
dramatized both in the United States and the 
rest of the world as a foretaste of things to 
come if the imbalances between food supplies 
and population growth were not corrected. A 
galaxy of specialists from many disciplines 
was sent by the USDA to India to help revamp 
her agricultural development program. Free- 
man took advantage of the desperate need for 
U.S. grains to prod the Indian government 
into implementing the recommendations of 
USDA specialists. Under the pressure of the 
Indian food crisis, amendments to Public Law 
480 were pushed through the U.S. Congress. 
These amendments redirected the program 
from surplus disposal to use as a tool in pro- 
moting agricultural development in food-deficit 
countries (Freeman 1968). 

In his ‘‘Message on Food for Freedom,” 10 
February 1966, President Johnson directed his 
Science Advisory Committee to study the 
world food problem and recommend ways and 
means of increasing the world’s food supply. 
The panel appointed by the committee studied 
the problem for a year with the full coopera- 
tion of all of the applicable disciplines and 
institutions. The report, published in May 
1967, concluded that hunger and malnutrition 
were not primary diseases of the last half of 
the twentieth century but were symptoms of a 
deeper malady, lagging economic develop- 
ment on three continents where nearly two- 
thirds of the world’s people live (Presi- 
dent’s Science Advisory Committee). Abel 
and Rojko, in the USDA, asserted that over 
the long pull, U.S. food production would be 
able to meet the market demand for food and 
that this should have primacy in USDA policy 
considerations. New, high-yielding varieties 
of wheat and rice spread rapidly in the food- 


816 December 1981 


deficit regions, normal weather returned, and 
surpluses began to accumulate again in the 
United States. Public concern over the food 
crisis abated (Dalrymple). 

The commitment of the Johnson-Freeman 
administration to agricultura] development as 
tne means of solving the world food problem 
continued for the duration of their incum- 
tency. In 1968 Freeman urged major attention 
to international food development in his book 
World Without Hunger, but by this time tae 
country was immersed in the Vietnam War. 
Conflict over the Vietnam War seemed to turn 
American public opinion inward. Foreign zid 
became equated in the minds of the public and 
the politicians with U.S. dollar imperialism or 
worse things. As long as the Vietnam War 
continued, the U.S. Congress continued to be 
hostile to foreign aid. Between 1968 and 1972 
the question of the future of foreign aid was 
studied by a number of prestigious groups, 
including the American Assembly of Columbia 
University; a task force of the National As- 
sociation of State Universities and Land Grant 
Colleges; the National Planning Association; 
The Committee for Economic Development; 
the World Bank; joint report by Clifford M. 
Hardin, Secretary of Agriculture, and John A. 
Hannah, Administrator of AID to President 
Nixon (Hannah and Hardin); and a presidan- 
tial Task Force on International Development 
(known as the Peterson Report). The reccm- 
mendations of these study groups were di- 
verse, but there was a common thread of em- 
phasis on agricultural development. “he 
United States should increase its foreign aid 
expenditures; more emphasis should be placed 
on agriculture and population programs; tech- 
nical assistance and development lending 
should be funded on a multiyear basis; debt 
burdens of the LDCs should be eased; and 
trade concessions should be made for them. 
Despite this support, aid authorizations and 
appropriations were regularly shaved to the 
bone and even then were barely passed by the 
Congress. 

The early 1970s saw American food policy 
influenced by devaluations of the dollar, the 
‘great Russian grain robbery," *'embargoes" 
on wheat and soybeans, the unprecedented 
increases in agricultural and food prices, the 
organization of OPEC, and the escalation of 
petroleum prices (Breimyer, pp. 3—5). Close 
on the heels of these developments, drought in 
the Sahael brought on a new food crisis. There 
arose an outcry that the United States bad no 
food policy, domestic or foreign. Meanwaile, 
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ecretary of Agriculture Earl L. Butz was say- 
ing that increased production would solve our 
problems and was urging farmers to plant 
"from fence row to fence row." 

The U.S. Congress began to change its at- 
titude toward foreign aid programs beginning 
in 1974. AID was directed to address its pro- 
grams to meeting the basic human needs of the 
poorest countries. The dilemma in food is that 
those who do not have enough do not have the 
money to pay for it and those who produce 
more than they need cannot afford to give it 
away. 

The dilemma was stressed at the meeting of 
the World Food Conference in Rome in 1974. 
A rumber of recommendations were made by 
the conference which may have had some ef- 
fect upon national policies (U.S. Congress 
1975). However, the recommendations would, 
for the most part, still be appropriate today. 
One result of the conference of great value to 
eccnomic analysis was that it was the immedi- 
ate impetus for the establishment of the Inter- 
national Food Policy Research Institute (IF- 
PRI, pp. 3-5). 

The World Hunger Commission promised a 
new assessment of current and future food 
problems when it began work in 1978. Yet, 
regardless of the findings and recommenda- 
tions of the Commission, the United States 
probably will continue to be influenced by 
political realities, recommendations of agri- 
cultural economists, and the weather in mak- 
ing or changing its policies on world food 
supplies. We do know that total food produc- 
tion by developing countries rose steadily 
throughout the seventies but varied greatly by 
region (USDA 1980). 

Secretary of Agriculture John R. Block has 
Stated repeatedly that increasing farm exports 
is one of his major goals. He emphasizes 
commercial exports, but does not rule out 
shipments for disaster relief. There are prob- 
lems associated with maintaining or increasing 
exports. The United States has become a re- 
sidual supplier, which means that the prices 
farmers receive for exports may vary mark- 
edly from year to year. We may have 
surpluses or shortages from one year to the 
next, depending in large part upon weather 
conditions throughout the world. Maintaining 
high productivity for export may be reducing 
soil fertility and making the soil more subject 
to erosion. It has been charged that meeting 
world demand increases consumer prices in 
the United States (Cochrane p. 274, O’Brien). 

On the other hand, we may be moving into a 
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new state of equilibrium, as John Lee has sug- 
gested, with production and effective demand 
being in relative balance. But Don Paarlberg 
leaves us with a challenge: “Enough food? 
Yes, if we act wisely. If there is scarcity it will 
be because, with unwise policies, we have 
brought it upon ourselves.” 
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Reflections on the Presidential 
Commission on World Hunger 


Walter P. Falcon 


In September 1978, then President Jimmy Car- 
ter appointed a twenty-member Commission 
on World Hunger. The commission’s mandate 
was to identify the basic causes of hunger at 
home and abroad, to assess programs and pol- 
icies affecting hunger, and to recommend (and 
publicize) specific actions to create a coherent 
national policy. The group had bipartisan 
political support, and four of its members were 
from Congress.! Unlike previous commissions 
of food and agriculture, however, representa- 
tion from economists and agricultural scien- 
tists was quite limited. Although this was both 
a strength and weakness of the commission, it 
had the unfortunate consequence of involving 
fewer professional groups than might have 
been desirable. In part, therefore, this essay is 
an after-the-fact (and slightly expurgated) re- 
port to agricultural economists on ‘‘what hap- 
pened.” 

Because the entire commission Report is 
readily available, I will not summarize its 
findings, although a number of recommenda- 
tions from the Report are highlighted.? The 
many changes (including the presidency) that 
have occurred since the commission reported 
formally in March 1980 suggest instead the 
need for a critical appraisal of the Report and 
for comments on possible next steps for the 
United States in the field of hunger alleviation. 


Walter P. Falcon is Farnsworth Professor of International Agricul- 
tural Policy and Director, Food Research Institute, Stanford Uni- 
versity. From 1978-80 he served as a commissioner on the Presi- 
dential Commission on World Hunger. 

The helpful comments of Bruce Johnston, Scott Pearson, and 
Anne Peck are gratefully acknowledged. Variations on the themes 
of this essay were given previously at Macalester, Purdue, and 
Michigan State Universities. 

! The commissioners included Sol Linowitz (chairman), Jean 
Mayer and Steven Muller (vice chairmen), Norman Borlaug, 
David Brooks, Harry Chapin, John Denver, Robert Dole, Walter 
Falcon, Orville Freeman, Benjamin Gilman, Patrick Leahy, Bess 
Myerson, Richard Nolan, Howard Schneider, Adele Simmons, 
Raymond Singletary, Jr., Eugene Stockwell, Clifton Wharton, Jr., 
and Thomas Wyman. 

?'The Presidential Commission on World Hunger no longer 
maintains an office; however, copies of the Report are for sale by 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. 20402. (Stock No. 041-002-00015-8, $6.00 per 
copy.) 
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Dimensions of the Hunger Problem 


Perhaps the strongest aspect of the commis- 
sion’s Report is its description of global 
hunger. Unlike other documents, for example, 
the recent National Academy of Sciences 
study that emphasized production problems 
and technical solutions, the Report is much 
broader in its scope and outlook. Much of the 
Report’s extensive, and often moving, de- 
scription of hunger can be captured in five 
words: Asia, children, calories, chronic, and 
poverty. 

In setting forth the quantitative dimensions 
of hunger, the commission began implicitly 
from the framework suggested by Reutlinger 
and Selowsky. The incidence of hunger is 
estimated with this methodology from con- 
sumption-income relationships. To the ex- 
tent that personal needs, average daily re- 
quirements, income distributions, or Engel 
coefficients are misspecified, the resulting 
conclusions on the number of hungry people 
are also affected. Using different assumptions, 
Eberstadt, for example, concludes that hunger 
affects perhaps only 100 million people, with 
the most severe problems concentrated in Af- 
rica. By contrast, however, the commission 
concluded that between 500 million and 1 bil- 
lion people suffer from moderate to severe 
protein-calorie malnutrition (PCM). Large and 
disquieting as this range may be, it probably 
has little bearmg on America’s attitude or its 
capacity to help with solutions. Hence, there 
seems little need, at least in this essay, to 
fine-tune estimates, as further refinement 
would have little bearing on public policy. 

Policy direction, however, does depend im- 
portantly on the five words mentioned previ- 
ously. Of the approximately 800 million people 
thought to be suffering from moderate to se- 
vere undernutrition, about two-thirds are in 
Asia. Indeed, on a global basis, about 70% of 
all hunger is in nine countries, (India, Paki- 
stan, Bangladesh, Indonesia, Philippines, 
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Kampuchea, Zaire, Ethiopia, and Brazil). Any 
domestic or international proposals aimed at 
ending world hunger must deal fundamentally 
with these nations. The difficult formal rela- 
tionships between the United States and a 
number of these countries underscore imme- 
diately the political dimensions of the hunger 
problem and the limits to which the United 
States сап now help with a soluticn— 
assuming that it wishes to do so. 

Irrespective of the exact total of hunger- 
affected individuals, there are special groups 
within populations where PCM incidence is 
the highest. Weanling children from ages one 
to four present the most serious problem. 
Whereas cereal-based diets are largely ade- 
quate for adu‘ts, the relatively low density of 
these foods means that small children literally 
cannot eat enough of them to be nourished 
adequately. In addition, the interactions 
among undernutrition, poor water quality, and 
other public health components are especially 
critical among the young. These interactions 
are one reason, for example, infant mortality 
rates in Africa are more than six times the 
level of developed countries. As the Report 
correctly notes, unless infant mortality rates 
can be reduced, it is unlikely that birth rates 
can be brought down a significant degree. 

Pregnant and lactating women are also given 
special attention. The extra strains of 
zhildbearing place these groups seriously at 
risk with respect to nutrition. In addition, a 
generational effect deserves specific mention. 
There is almost no existing scientific evidence 
to suggest physiological relationships between 
mental retardation and undernutrition. An ex- 
ception to this statement is that under- 
nourished mothers fail to carry fetuses to full 
term much more frequently, and among pre- 
mature births, the incidence of mental and 
other handicaps is substantially higher. On the 
other hand, there are strong correlations 
among moderate or severe undernutrition in 
children, learning motivation, and behavioral 
patterns. 

One important implication for economists of 
the "children and mothers” component of the 
problem concerns household allocations of 
food. Many analysts typically think of house- 
hold consumption as the central unit of obser- 
vation. Unfortunately—since the issue pre- 
sents severe research and intervention 
difficulties—how food is allocated within fami- 
lies may be at the very core of the hunger 
program in many situations. 


/ 


/ 


A third component of the hunger problem 
involves calories. Although this point is in- 
creasingly recognized, it also is true that for 
twenty years many in the nutrition profession 
had the world pointed in the wrong direction. 
Indeed, survey work by the commission indi- 
cates that many Americans still believe that 
protein is the most severely limiting nutritional 
element. Except in a few localized regions, 
however, the overwhelming PCM problem is 
simply getting enough calories. Widespread 
evidence suggests that groups with sufficient 
energy resources have typically also found 
ways to provide the necessary protein com- 
plement. 

A fourth element in defining global hunger 
concerns its chronic dimension. Partly as a 
result of modern communications, the spec- 
ters of war- or drought-induced famines are 
well known to most families in the United 
States. The coverage of events such as the 
Sahel drought, the Kampuchean and Somalian 
disasters, or the boat people from Viet Nam 
are almost daily occurrences on television. 
Horrible as these situations are, they simply 
are not the dominant hunger problem in terms 
of numbers. Clearly, the intensity of the PCM 
problem is worse in famine areas, but it is also 
true that famines occur much less frequently 
or severely than even fifty years ago. In addi- 
tion, global support generally can be mobilized 
much more readily for disasters than for 
hunger of a chronic nature. It is easy enough 
for responsible persons to grasp the hunger 
complications caused by drought. It is almost 
impossible, however, for anyone to visualize 
one-sixth of the people on earth suffering from 
moderate to severe continuing undernutrition. 

Of all the definitional components, how- 
ever, the Report comes down most firmly on 
the issue of poverty. There may be isolated 
instances where people are undernourished 
because they are not making good use of local 
food resources in terms of either total quantity 
or composition. However, the overwhelming 
reason people are hungry is not because they 
are ignorant or uneducated but rather because 
they are poor.? The recognition that poverty, 
and not food production, is the major problem 
is an important step forward, especially for the 
agriculturalists (and others) who may believe 
the contrary. Yet the implications are sobering 
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3 An exception to this statement involves infant-feeding prac- 
tices, where educational efforts can sometimes make an important 
difierence. 
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on two counts. First, a question is immedi- 
ately raised as to whether those ‘‘who are 
poor, need not be hungry as well" (Report, p. 
40). In the United States, largely through the 
Food Stamp Program, it has been possible to 
separate these two afflictions.4 Given both the 
resource costs and the administrative prob- 
lems encountered in America, however, can 
or should similar programs be replicated in 
low income nations? Second, if it is impossible 
to separate hunger from poverty, what can 
outsiders—even well-meaning ones—do to 

elp attack the fundamental problems of in- 
come levels and distribution? This latter issue 
was at the base of many of the commission’s 
deliberations. Given the wide range of political 
views represented on the commission and its 
staff, many of these sessions exhibited heat if 
not light. 

Vigorous debate notwithstanding, the com- 
mission came eventually to a shared percep- 
tion of the major causes of global hunger and 
also to some of the needed solutions that fol- 
lowed directly from problem definition. For 
example, it agreed that improvements in nutri- 
tion and infant mortality were a prior condi- 
tion to solving population-growth problems 
ard not vice versa. Similarly, it concluded that 
increased food production was a necessary, 
but not sufficient, condition for solving 
hunger. But in other areas, mainly associated 
with methods for alleviating poverty, the Re- 
port contains curious contradictions, both in 
the main text and in the numerous dissenting 
comments. 


Hunger Alleviation within the World Food 
Economy of the 1980s 


Of the numerous operational recommenda- 
tions in the Report, issues surrounding trade, 
debt, and world food security occupy a promi- 
nent position. Some of the reasons for this 
focus are clear. The rise in oil prices had badly 
hurt a number of low income, food-importing 
countries that had been caught in a double 
balance-of-payments bind during the 1970s. 
Agricultural trade, including food aid, were 
also fields in which the United States was 


4 Section 5 of the Report deals specifically with hunger in Amer- 
ica. The commission concluded that the Food Stamp Program had 
been effective in solving most hunger problems in the United 
States. It argued against restrictive budgetary ceilings on the Food 
Stamp Program and urged greater efforts in making sure that 
groups such as American Indians and the elderly were enrolled as 
participants. Space limitations preclude full development of the 
"hunger in America” portion of the Report in this essay. 
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dominant. Somewhat ironically, however, the 
linkages among agricultural trade, poverty, 
and hunger are among the weakest analytically 
in the entire Report, and a generally inadequate 
case is made for linking hunger problems with 
other developments in the world food econ- 
omy. Of fundamental importance is the fact 
that ‘‘hungry people” are not the central ele- 
ment in the world economy for food products. 
Moreover, the global environmental is proba- 
bly becoming more, rather than less, difficult 
for solving hunger problems. 

The 1970s represented a transition in the 
world food situation. This change consisted of 
many components, only two of which will be 
highlighted here. One fundamental element 
centers around the demand for meat. Between 
1960 and 1980, the amount of grain consumed 
globally by animals doubled, from 2096 to 40% 
of total cereal production. In 1980, for exam- 
ple, more grain was fed to animals than con- 
sumed by the 1.4 billion people living in coun- 
tries with per capita annual incomes of less 
than $250. Although the decade of the 1970s 
still saw many people mired in poverty, it also 
saw numerous groups and nations reach a 
state of affluence that involved greatly in- 
creased demands for meat. Such diverse na- 
tions as Nigeria, Taiwan, China, South Korea, 
and Mexico became major entrants into world 
feed grain markets. 

The second major element of the 1970s, 
about which there is still great debate, in- 
volves events within the United States. At the 
present time and at present prices, there ap- 
pears little excess capacity within American 
agriculture. Moreover, much of the recently 
utilized agricultural capacity has already been 
"exported." In 1970/71, the United States 
shipped 41 million tons of grain, which rep- 
resented 3796 of global cereal trade. By 1980, 
the export share had risen to 5696 and to 118 
million tons. With already large exports and 
with some evidence of stagnating productivity 
within agriculture, the next decade surely will 
see a reduction in the rate of export growth 
from North America. The decade will proba- 
bly also see rising real prices of grain globally 
and increased price variability as well. 


5 This view of the 1980s is developed much more fully in Falcon, 
Pearson, Timmer. 

$' The Report strongly urges an international agreement on 
grains that includes substantially increased reserves. However, 
the technical problems with international agreements and their 
recent history do not inspire confidence about the likelihood of 
their being successful in the 1980s. Moreover, any new grain 
agreement must be able to reconcile both North/South and East/ 
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This is not an essay to develop fully a prog- 
nosis for the 1980s. However, the foregoing 
comments, cryptic as they are, have important 
implications for an assessment of the Report 
and for suggestions on future public policy on 
world hunger. 

First, by not laying out more carefully a 
broader view of the world food economy of 
tne 1980s, the commission failed to stress the 
increased likelihood of difficulties in solving 
hunger problems. Such a view of the world 
also would have given much more force to the 
commission’s recommendations оп trace, 
debt restructuring, compensatory finance, and 
food security. 

Second, a more interdependent view of the 
1980s (with respect to countries, commodities, 
end hunger/commercial issues) would have 
added support to the commission’s theme on 
self-reliant production within low income 
countries. à 

Third, a broader view of the 1980s also 
might have permitted the commission to take a 
stronger stance on some areas in which the 
United States should be cautious—for exam- 
dle, highly subsidized corn-based ethanol 
plants. 


Program Elements for the Future 


Most of the commission’s Report is as rele- 
vant for President Reagan as it was for Presi- 
dent Carter. Global hunger continues to per- 
sist, and if anything, it is more likely to be a 
destablizing international influence in the fu- 
ture than it was in the past. At tae risk of 
making very difficult issues sound superficial 
or the solutons seem easy, the case for a 
renewed American focus on hunger alleviation 
can be broken down into seven operational 
propositions. On the whole, these principles 
are consistent with the Report, although they 
also reflect personal preferences and the polit- 
ical changes that have occurred since the ter- 
mination of the commission. 

(a) Given an increasingly interdependent 
food world, the hunger topic is an appropriate 
focus for America’s relationship with develop- 
ing countries. Of all the broad areas in which 
the United States could play an important 
leadership role, food and agriculture would 


West negotiating stances. Under these circumstances, the United 
States probably can be of greatest assistance by helping less de- 
veloped nations with the production, financial, ard storage flexibil- 
ity these countries need to accommodate international price insta- 
bility. 
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seem to be preeminent. The extraordinary 
productivity of American agriculture, the well- 
(indeed over-) fed character of the American 
people, and the dominance of the United 
States in the global food system give this coun- 
try credibility in the food area as perhaps in 
none other. Moreover, a concern with the 
poor and malnourished, especially children, is 
very much in the American tradition. 

These widely recognized points, however, 
may be necessary but not sufficient conditions 
for making hunger a central focus of develop- 
ment assistance. If hunger is poverty-related, 
as seems clearly the case, it is not a tidy area 
in which to involve an assistance program, nor 
is it the only important problem facing devel- 
oping countries. Moreover, the vastness of the 
hunger problem may be out of balance with 
the size of America’s aid commitment. Fi- 
nally, it is abundantly clear that hunger issues 
go to the heart of the political economy of: 
many nations. In some countries American 
concerns about hunger will go unheeded or be 
counterproductive, and in virtually all coun- 
tries, most of the resources and difficult deci- 
sions will be of a domestic nature. Neverthe- 
less, the hunger area seems to be one in which 
greater amounts of both public and private 
support can be mobilized within the United 
States.” More generally, food is a topic which, 
if not handled properly and expeditiously, 
could have far-reaching international conse- 
quences during the 1980s. 

(b) A focus on hunger means a primary em- 
phasis on agriculture and rural development. 
If hunger alleviation is made a focal point of 
American development assistance, such a 
concentration implies a concomitant emphasis 
on agriculture—but not for the reason that 
most people believe. Increasing food output is 
obviously important, especially in those soci- 
eties with rapidly increasing populations and 
incomes. In terms of reducing hunger, how- 
ever, the employment and income effects of 
agriculture are much more important than ex- 
panded food output per se. Although urban 
poverty and hunger may be more acutely visi- 
ble, the overwhelming numbers of under- 
nourished people are in the countryside. Many 
(perhaps 60%) of these individuals do not have 
direct access to land. These decentralized and 


* The Gallup Organization was employed by the commission to 
undertake a poll of Americans about world hunger. The results 
incicated a widespread misunderstanding of the severity and na- 
ture of PCM problems. They also showed that, in relative terms, 
Americans were very concerned about world hunger issues. 
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often forgotten groups are also among the har- 
dest to reach with direct consumption pro- 
grams within the public sector. In the absence 
of thoroughgoing agarian reforms, the key to 
reducing hunger problems is through addi- 
tional productive jobs. The distinction be- 
tween food production and income generation 
is an extremely important point—one often 
missed by agriculturalists and proponents of 
Food First (Moore and Collins). It also under- 
scores the urgent need for choice of technique 
analyses based on social profitability rather 
than on preconceived notions of what should 
be considered ‘‘modern.”’ 

(c) A primary emphasis on agriculture means 
increased focus on relevant agricultural tech- 
nology. In the commission’s deliberations, the 
issue of agricultural technology was hotly de- 
bated. Part of the controversy had to do with 
the problems of tractors and mechanization in 
‘‘labor-surplus’’ areas and part with the fail- 
ures of introducing annual crops on delicate 
forest soils. Issues surrounding seed technol- 
ogy and the appropriate use of fertilizers and 
pesticides also fueled the debate. At least in 
part because of these controversies, the Re- 
port was largely silent on the importance or 
limits of agricultural technology in an assis- 
tance strategy for the United States. This si- 
lence may have been one of the mast severe 
limitations of the commission’s analysis. 

In spite of much-heralded developments in 
wheat and rice, involving now some 50 million 
acres mainly in the irrigated regions of Asia, 
the overall record on improved seed technol- 
ogy is rather poor. New developments with 
open-pollinated corn varieties reengineered 
for tropical conditions will soon be available, 
and new packages for sorghum and millet also 
offer substantial prospects. There is active re- 
search underway as well for beans, cassava, 
and vegetables that promises to be relevant. 
Nevertheless, in assessing technology needs 
and accomplishments to date, it is clear that 
much research is needed, especially for 
rainfed agriculture. Fortunately, the general 
area of agricultural research is one in which 
the United States has a comparative advan- 
tage. Many of America’s processes for devel- 
oping technology are certainly relevart even if 
much of existing American technology is not 
directly transferable. Technology is also an 
area where both the public and private sectors 
in the United States have much to contribute, 
as do the universities—even some that do not 
belong to the land grant fraternity! 
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With a limited development assistance pro- 
gram, finding an appropriate niche for Amer- 
ican involvement is extremely important. For 
example, land reform may be more vital than 
technology in alleviating hunger in some re- 
gions, but American efforts to promote agra- 
rian reform in other countries are almost sure 
to be counterproductive. By avoiding some of 
the mistakes on technology that have occurred 
in the past and by recognizing that technology 
cannot solve all the problems of development, 
it should be possible to develop a large, posi- 
tive program in this field. Fortunately, many 
of the relevant institutions (for example, the 
Consultative Group on International Agricul- 
tural Research (CGIAR) and the Board of 
International Food and Agricultural Develop- 
ment (BIFAD), are in a position to make this 
technological promise a future reality. _ 

(d) For agricultural technology to be effec- 
tive, large investments will be required, espe- 
cially in such fields as water resource devel- 
opment. Presumably neither the Carter nor 
Reagan administrations have been particularly 
happy with the price tag that the commission 
attached to hunger alleviation. Unfortunately 
there are no ‘‘cheap fixes" on food and ag- 
riculture, and the commission called for a 
rapid tripling in the appropriations for foreign 
aid, much of which was to go for hunger 
causes. Particularly at a time when cuts in 
expenditure are the order of the day, such a 
recommendation requires further comment. 

Although there always has been a limited 
lobby on foreign aid, it seldom draws the 
passionate support of many other allocations. 
In recent years, this problem has been accen- 
tuated by an unusual combination of political 
forces. Many on the political right have seen 
foreign aid as a costly giveaway to be stopped. 
The left has become so enamored with the 
“*small-is-beautiful’’ syndrome that they have 
significantly downplayed the very real invest- 
ment costs that will be essential if third world 
nations, with external assistance, are really to 
attack hunger. The net result has been an in- 
creased number of restrictions on aid alloca- 
tions, such as on rural infrastructure, and a 
deceleration in the level of aid authorizations. 

These effects can be seen in the official re- 
view of overseas development assistance pub- 
lished by the OECD. In 1979, for example, the 
United States ranked fifteenth among DAC 
countries in terms of its percentage of gross. 
national product (GNP) devoted to bilateral 
and multilateral assistance to developing 
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countries. Indeed, with only 0.226 of GNP de- 
voted to aid, the United States share exceeded 
oaly that of Italy and Austria among the sev- 
enteen nations that make up the Develop- 
ment Assistance Committee. The specific ra- 
tionale for a larger American share will be 
discussed later, but a prima facie case for 
lerger sums cen be made just on the basis of 
the foregoing data. 

Two cost components deserve special 
comment in the context of hunger. One of the 
severest problems in improving the nutrition 
cf hungry people involves water resource de- 
velopment. The Asian concentration of hunger 
has already been mentioned. Moreover, by the 
year 2000, about half of the entire world's 
population wiil live in areas defined by the ten 
largest river basins in Asia. These basins, with 
their problems of irrigation, erosion, flooding, 
salinity, and drainage, contain many of the 
world's poorest people. Without some im- 
proved control over the production environ- 
ment, the potential for new agricultural tech- 
nology is limited. If unprecedented migration 
and other problems are to avoided, substantial 
investments will be needed to create dynamic 
rural communities where productive employ- 
ment and incomes can increase. Most of the 
resource moLilization will have to be accom- 
plished locally, but international resource 
transfer also is vital. Because many of :he 
basin problems cross borders and involve sev- 
eral countries, outside agencies have a particu- 
larly crucial role to play. Regrettably, there is 
no cheap way out on this investment issue. 
People who want to attack hunger without sig- 
nificantly adding to the investment totals are 
kidding themselves or each other. 

Second, for both the technology and weter 
resource fields, there are important roles for 
both bilateral and multilateral initiatives. The 
Report underscores the complementarity of 
both approaches and urges strongly American 
support of the soft-loan window at the World 
Bank (IDA) and the international agricultural 
research effort the World Bank coordinates. 
Similarly, the commission's suggestions on 
debt restructuring are in the same general di- 
rection, since debt rollover in many instances 
is identical with increased flows of untied aid. 
While the investment needs are large, they are 
not beyond the capacity of the world to man- 
age. The International Policy Research Insti- 
tute (IFPRI), for example, suggests that an 
additional $7 billion investment annually (in 
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1975 dollars) during the decade of the 1980s 
would increase the annual world cereal output 
by rearly 200 million tons by 1990 (Oram et 
al). This sum compares with the approxi- 
mately $80 billion supplied to less developed 
countries in 1979 from external aid and loan 
resources. 

(e) For technology and institutions to pay off, 
a substantial reorientation in economic policy 
will be needed in less developed countries. 
One seemingly curious feature of the Report is 
its simultaneous emphasis on trade and self- 
reliant growth. When put in a slightly broader 
coniext, however, this contradiction disap- 
pears. 

The recent growth in world cereal trade has 
been very large; it has also begun to substitute 
for domestic stockholding. Whereas global 
cereal trade in 1980 was approximately three 
times larger than in 1960, ending world grain 
stocks in 1980 were absolutely smaller than in 
1960 and only about half as large relative to 
annual production. For reasons alluded to ear- 
lier, some slowdown іп the growth of trade can 
be expected, probably accompanied with ris- 
ing and more variable international prices of 
grain. While cereal trade clearly will continue 
to be important for many "hungry" nations, 
the costs of an international "solution" to 
their food problem likely will be higher in the 
1980s. This view of world trade thus provides 
a logic for an increased emphasis on domestic 
growth in agriculture to supply both food and 
employment. 

Technology and investment provide two 
legs of the productivity triangle, while price 
and trade policy supplies the third. In general, 
low income countries tend to discriminate 
against the agricultural sector and to provide 
less than international prices to their farmers. 
For a long-run production solution, raising 
prices to farmers in many countries is abso- 
lutely essential. However, it is more than 
sbeer neglect or urban bias that keeps gov- 
ernments from making this change. Higher 
food prices also mean lower real incomes, es- 
pecially for poorer groups who may spend up 
to 8096 of their incomes on food. This basic 
pricing dilemma—short-run consumption los- 
ses versus long-run production gains—needs 
to be recognized for the very real problem that 
it poses, even for the most responsible gov- 
ernment. Too many analysts have been con- 
tent to deal only with the production issue. 
Neither AID nor the World Bank, for exam- 
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ple, has been willing to do much ir. quantita- 
tive terms in support of consumption/nutrition 
projects or in aiding transition programs de- 
signed to put in place new food price policies. 
A sympathy toward this basic consumption- 
production dilemma and a willingness to use 
food aid and other types of development assis- 
tance toward new policies are critically needed- 
if the United States and other donors are to be 
helpful in solutions to the food problems actu- 
ally faced by low income countries. 

Unfortunately, the Report is largely silent 
both on the price-policy dilemma and the fur- 
ther complications this problem creates with 
respect to consumption programs. Untargeted 
programs, such as physical rations for 
everyone, have high relative resource costs in 
poor societies. On the other hanc, the ad- 
ministrative problems involved in reaching 
only the poorest groups, especially in rural 
areas, are immense. Helping to resolve this 
dilemma will be a task on which agricultural 
economists can make an important contribu- 
tion in the years ahead. 

(f) It is in the economic and securit» interests 
of the United States to assist in hunger allevi- 
ation and in the creation of a more stable 
world food economy. The redirection and ex- 
pansion of American assistance to help fight 
global hunger that is being suggested here 
raises the obvious question of whether such 
changes would be worth the price to the 
United States. The commission took the view 
that recommended programs would have little 
chance politically unless the suggestions could 
be shown to be rather directly in America's 
own interest. 

Such a view will perhaps be abhorrent to 
humanists, but they will be pleased to know 
that the commission answered the self- 
interest question with an unequivocel '*yes." 
The basis for this affirmative assessment was 
twofold. The first element stressed growing 
economies and trade, using rather traditional 
arguments. The second explanation, and by 
far the more important, stressed the national 
security implications of food. The fact that 
several of the nations with substantial hunger 
also have a nuclear capability was one aspect 
of the argument, but not the major element. 
More broadly, food in the 1980s was seen as a 
potentially destabilizing force—in the manner, 
if not the same magnitude, that oil hac been in 
the 1970s. Lest that view be casually dis- 
carded, one need think only of recent food 
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crises in Poland, Russia, Egypt, Kampuchea, 
and Ethiopia. Consumption (though not 
necessarily hunger) issues were central in 
each case, and in several of these examples, 
the potential for international conflict was 
clearcut. This broader view of security would 
seem to be a natural complement to the mili- 
tary expenditures that have taken on a 
heightened priority under the new administra- 
tion. 

(g) Given that hunger alleviation is in the self- 
interest of the United States, substantial 
changes will be required in American attitudes 
and capabilities for working with developed 
countries. Ifthe United States chooses to make 
hunger issues the center of its development 
assistance effort, more than marginal changes 
will be required. Additional dollars will be 
needed in support of research and investment. 
The Agency for International Development 
will have to overcome its inadequacies in 
technical competence to deal with food and 
agricultural issues. The United States will 
need to seek new kinds of formal relationships 
with several key nations. Above all, the presi- 
dent and Congress will have to lead. Most of 
the leadership involves doing new things, but 
it sometimes involves not doing things as 
well—not attempting to use food as a political 
weapon, not promoting uneconomic gasahol 
installations, and not failing to recognize the 
severity of the hunger problems, even in coun- 
tries whose governments the United States 
dislikes. 

With a clearer sense of direction, the United 
States is now in a unique position to assist 
countries in helping to solve one of the worst 
problems of mankind. Without renewed ef- 
forts on the part of the United States and all 
countries, however, global hunger problems 
will become more acute and destabilizing be- 
fore the end of the century. 
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Reflections on the Presidential Commission 
on World Hunger: Discussion 


Marcelo Selowsky 


I have three sets of remarks. First, some gen- 
eral reactions to the President’s Commission 
report, particularly the section on implications 
for the United States’ effort to combat world 
hunger; second, some specific comments on 
Falcon’s paper; third, some further thoughts. 


My Reactions to the Report 


First of all, the commission must be congratu- 
lated for forcefully stating a very important 
fact still not fully recognized: that hunger and 
low levels of consumption in poor countries 
and poor families will not be solved by increas- 
ing the aggregate world or country’s supply of 
food. Chronic hunger results from a lack of 
purchasing power by poor countries and poor 
families when they compete for that aggregate 
world or country supply. The problem is not a 
lack of supply but a lack of effective demand 
by low income population groups. This is cor- 
roborated by the fact that many countries have 
become exporters of grains while important 
segments of their population still suffer from 
malnutrition. 

The report singles out several actions to in- 
crease the long-run earnings opportunities of 
poor individuals so as to solve long-run pov- 
erty and thereby long-run hunger. This is wel- 
comed. But in many countries, poverty elimi- 
nation is an objective in its own right. For 
other countries a poverty elimination strategy, 
as a means to solving the hunger problem, may 
have political constraints or trade-offs with 
other objectives, such as long-run growth. 
However, in these latter countries, govern- 
ments might be interested in solving hunger as 
a separate objective from general poverty 
elimination. Hence, they might be interested 
in more quick, direct, and cost-effective in- 
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struments to eliminate hunger. In my view, 
given that the objective of the commission was 
to address hunger and not poverty, a stronger 
emphasis on these direct instruments should 
have been given. This includes an emphasis on 
a better use of the existing foreign aid and 
domestic resources that countries are cur- 
rently devoting to food supplementation pro- 
grams, food subsidies, etc. I will come to this 
later. 

The commission repeatedly refers to the 
necessity of a more self-reliant food system in 
developing countries. It is not exactly clear to 
me what is meant. I hope it is not a call for a 
higher degree of self-sufficiency in food. That 
would be tragic. Fluctuations in food con- 
sumption in poor families results from fluctua- 
tions in their regional supply of food or fluctu- 
ations in their earnings. Internal and interna- 
tional trade: in food helps to even out these 
fluctuations in consumption and not the re- 
verse. 


Comments on Falcon’s Paper 


Wally Falcon’s paper represents an interesting 
afterthought by a member of the commission, 
particularly in his further elaboration of the 
economics of the hunger problem. The paper 
presents several operational propositions to 
eliminate hunger. I do not have a particular 
quarrel with them; however, it is not clear 
whether these propositions represent facts or 
simply working hypotheses requiring empiri- 
cal validation. A more explicit presentation of 
the economic criteria under which to accept or 
reject these hypotheses would have been use- 
ful. Let me give some examples by quoting 
some of these operational propositions. 

“А focus on hunger means a primary em- 
phasis on agricultural and rural develop- 
ment." The paper is careful to state that the 
relevant effect on hunger is via the income or 
earnings effect and not via the supply of food, 
i.e., it clearly recognizes purchasing power as 
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the constraint. However, the income effects of 
agricultural and rural development are basi- 
cally relevant to small farmers. How relevant 
are they for the landless and urban poor? Even 
if the hungry are concentrated among small 
farmers, the cost of raising rural incomes 
could be substantial if the rates of return cn 
those agricultural investments are low. In that 
case subsidization of those investments will be 
required. The success cf effectively reducing 
hunger through this strategy depends crucially 
on the rate of return to investments in small 
farmers. What is the empirical evidence on it? 

“The key to reducing hunger problems 
[among the landless] is through additional 
productive jobs." This requires further elab- 
cration; what are ‘‘productive’’ jobs? Why do 
we have today less than an “орта!” volume 
of "productive" jobs? Is this the result of 
market failures (i.e., gaps between shadow 
znd market wages) or government interven- 
tions (i.e., taxes on agricultural exports)? 
Some elements of welfare economics are re- 
quired in discussing such a proposition. 

“A primary emphasis on agriculture means 
increased focus on relevant agricultural tech- 
nology.” But, what is ‘‘relevant’’? What is the 
room for maneuvering for foreign aid in this 
field if technological choices are heavily 
influenced by wrong domestic (factor) price 
policies? 

“For agricultural technology to be effective, 
large investments will be required, especizlly 
in such fields as water resource develop- 
ment." But, what is the evidence on the rate 
of return to investments in water develop- 
ment? If it is high, why have countries aot 
done it? Is it because there are strong dis- 
crepancies between private (or government- 
perceived) returns and social ones, i.e., short 
government horizons? 

In my view a useful way to organize these 
policy choices is to set up first an acceptable 
criteria in welfare economics: how to increase 
food consumption in poor families, (a) given 
fiscal constraints on aggregate subsidies and, 
(b) minimizing any trade-off with efficiency 
and growth. The general option emerging is a 
policy that maintains world prices to food pro- 
ducers but brings down consumer prices for 
malnourished families. Why would subsidies 
on investment in water or rural job promotion 
be better? Specific discrepancies between so- 
cial and private signals in those sectors must 
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be identified before making judgments on their 
desirability. 


Some Further Thoughts 


I believe that the highest payoff in an effort to 
reduce chronic hunger comes from increasing 
the effectiveness of existing food aid and 
domestic food programs and food price sub- 
sidies. This is particularly true in countries 
already spending considerable resources on 
such programs. There are two areas to exam- 
ine. 

The first is to evaluate whether many of the 
existing international food aid programs, as 
well as domestic programs, have effects on 
food consumption no larger than an equiva- 
lent foreign exchange or income transfer. If 
governments are already importing grains, 
part of the concessionary food aid will replace 
old imports. The net addition to the internal 
supply of food will be equal to foreign ex- 
change transfer times the public sector’s mar- 
ginal propensity to import food. The same is 
true for some typical domestic programs dis- 
tributing inframarginal amounts of food, e.g., 
ration shops. If these marginal propensities 
(on the part of governments or poor house- 
holds) are low, it is worth looking for changes 
in the ways these programs are being im- 
plemented (for a given amount of aid or 
domestic food subsidy). Food aid could be 
made contingent on the country keeping its old 
level of food imports constant. Similarly, food 
stamp programs charging a price equal to pre- 
vicus levels of consumption but offering a 
stamp value in excess of that level would be 
substantially more effective per dollar of sub- 
sidy. 

In several countries substantial subsidies 
are being concentrated on a few food commod- 
ities therefore inducing important substitution 
effects. The net effect on calorie intake is not 
at all obvious and depends on the gross 
cross-elasticities among these foods. We still 
do not know the magnitudes of several of 
these key elasticities. The problem becomes 
more difficult when programs introduce new 
foods, i.e., baby foods, fortified cereals, etc. 
Here substitution effects cannot be measured 
with past data, and experimental data be- 
comes of relevance. 





Reflections on the Presidential Commission 
on World Hunger: Discussion 


T. N. Srinivasan 


I will organize my remarks around the follow- 
ing broad questions: First, has the Commis- 
sion diagnosed the malady of hunger correctly 
and reasonably accurately estimated its di- 
mensions? Second, has it arrived at appropri- 
ate policy recommendations, based on cur- 
rently available knowledge? Third, are the 
recommendations balanced in terms of rela- 
tive emphasis on policies to be pursued by 
individual countries versus international poli- 
cies, on production versus distribution, on 
self-sufficiency versus dependence on interna- 
tional markets, and indeed, on reliance on 
markets in general versus government inter- 
ventions?! 

The Commission was misled in its diagnosis 
by its adoption of the analytical framework of 
Reutlinger-Selowsky. This and the earlier 
studies in India by Ojha, and Dandekar and 
Rath are based on improper use of the protein 
and calorie requirements put together by the 
United Nations Food and Agriculture Organi- 
zation (FAO) for assessing undernutrition. Of 
course FAO had clearly warned that compari- 
sons of recommended intakes with food con- 
sumption ‘‘cannot in themselves justify state- 
ments that undernutrition or overnutrition is 
present in a community or group as such con- 
clusions must always be supported by clinical 
or biochemical evidence’’ (FAO 1973). I have 
discussed some of these issues in a paper pub- 
lished last March (Srinivasan). The essential 
point is that an individual, while remaining in 
good health, maintaining body weight, and 
performing activities that require the same 
energy expenditure, is nevertheless found to 
vary his energy intake over a wide range. In 
addition, individuals adapt to sustained heavy 
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or low intakes by adjustment in body weight 
and/or physical activity. Further, as Sukhatme 
has shown, the daily energy balance, i.e., the 
difference between energy intake and energy 
expenditure, appears to follow an autoregres- 
sive stochastic process. Because of this au- 
tocorrelation, even the average of intakes over 
a week, or even a month, does not adequately 
dampen the variation in intake. In such a situa- 
tion, comparing average intakes with the aver- 
age ‘‘requirements’’ to determine the nutri- 
tional status of a group of individuals is dubi- 
ous even if the group is homogenous in age, 
sex, body weight, and energy expenditure on 
physical activities. Indeed, available studies, 
such as those of Ferro-Luzzi et al., show that 
clinical evidence of undernutrition and nutri- 
tional inadequacy, as judged by shortfall in 
intakes compared to requirements, does not 
match. Controlled experiments by  Ed- 
mundson, with similar individuals given diets 
of differing calorie content, demonstrated that 
energy expenditure adjusts to intakes without 
changes in body weight or physical activity 
through changes in efficiency of conversion of 
energy intakes into usable energy. 

The comparison of average intakes with 
“requirements” often overstates the extent of 
real malnutrition; Bhalla, using U.S. data, 
shows that such a procedure classified more 
than 5096 of the U.S. population as under- 
nourished. If rough allowances are made for 
intra- and inter-individual variations in in- 
takes, the estimated extent of undernutrition 
in a population often comes down substan- 
tially. Sukhatme's estimate of undernutrition 
in India is of the order of 1595-2096 of the 
population and not the 50% or more as unad- 
justed estimates would suggest. Whether or 
not a reduction of this order should be called 
fine-tuning, as Falcon suggested, exaggerating 
the numbers of undernourished would only 
make the already difficult problem appear in- 
solvable. In addition, it attributes the preva- 
lent malnutrition to inadequate calorie intakes, 
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whereas in fact morbidity caused by gastroin- 
testinal and other ailments arising out of un- 
safe drinking water and poor sanitation is per- 
haps equally cr more important as proximate 
cause. 

The Commission's diagnosis that over the 
longer term hunger can be eliminated only by 
eliminating its causes—poverty and insecure 
food supplies—is not wide of the mark, though 
it is hardly original. However, the Commis- 
sion does not appear to have looked into the 
experience o some developing countries 
where, in spite of poverty, very creditable 
achievements in the area of nutrition and 
health have been recorded; and of others at 
the other end of the spectrum where, in spite 
of relatively high per capita income of the 
country, significant sections of the population 
are deprived. Sri Lanka and Kerala State in 
Iadia fall into the former category and North- 
east Brazil into the latter. 

The Commission emphasizes that the elimi- 
nation of hunger is in U.S. national security 
and economic interest. As such, the United 
States should make it the major focus of its 
relationship with the developing world. Falcon 
apparently agrees. But the national security 
angle, like the earlier use of the Communist 
threat as an argument for economic aid, is 
unlikely to impress many congressmen or 
senators, let alone the U.S. public at large. 
The fact of the matter is that, as Dr. Falcon 
Limself notes, the poor and hungry are rarely 
the wielders of political power in any country. 
The power elite, in spite of their rhetoric, do 
rot often perceive it to be in its self interest 
to divert resources to the poor and hungry. 

The recommendations that the United 
States should work toward multilateral reduc- 
tions in tariffs and nontariff barriers to LDC, 
exports is, of course, unexceptionable. But 
whatever it may do to augment the exports of 
LDCs and improve efficiency of world re- 
source allocation, its impact on the poor and 
hungry is not zhat direct. The same is likely to 
be true of commodity agreements that attempt: 
to stabilize or increase export revenues of 
LDCs, assuming for a moment (contrary to 
experience) that they do succeed in doing so. 
It is not ofter. the case that export crops are 
produced by small farmers. Debt write-off and 
raising the grant element in U.S. aid are also 
laudable, but again the link with the elimina- 
tion of hunger is at best tenuous. However, all 
these recommendations and the exhortation 
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that the United States raise its development 
assistance to 0.726 of its GNP are non-starters 
in today's climate, if ever they were. 

The Commission recommends that the 
United States should give assistance primarily 
to countries meeting the basic needs and rights 
of the people. I am afraid that any direct link- 
ing of bilateral aid to specific domestic policies 
will be viewed by recipient countries as un- 
warranted interference in their domestic af- 
fairs. In an increasingly complex economy, it 
is possible that investment in infrastructure 
may be more productive and will help reduce 
poverty more than direct investment in food 
production, at least in some countries. Thus, 
excessive emphasis on meeting basic needs 
and rights in the short to medium run may go 
against meeting them in a sustainable way in 
the long run. 

The Commission also recommends that the 
United States should put more emphasis on 
nutritional goals. Apart from the difficulty of 
defining the problem, assessing its extent, 
identifying its causes, and prescribing solu- 
tions, there are several other operational 
difficulties, some of which are identified by 
Falcon. It is not as if there have been no at- 
tempts to identify subpopulations at risk, such 
as children, pregnant and lactating mothers, 
and to target programs toward these groups. 
The applied nutrition program and the scheme 
for the midday meal for school children in 
India indeed were such programs. These were 
initiated long ago and are stil being im- 
plemented. Studies evaluating these programs 
are also available. Had the Commission 
looked at this experience, they would not be 
so optimistic about achieving nutritional goals. 
Simply put, a major problem, mentioned by 
Falcon, is that because the household is the 
decision unit, any provision through the gov- 
ernment of food designated for one member of 
the household—be that person a school-going 
child or a pregnant mother—will result in that 
mernber being supplied less from the house- 
hold pool. Thus, even though the government 
supplies food to the target members of the 
household, the food more or less acts as an 
income supplement to the household as a 
whole. The target group members will not re- 
ceive full benefit. 

The Commission recommends that more re- 
search be done in the United States on improv- 
ing agriculture in the developing countries. I 
would rather have recommended technical as- 
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sistance to LDC research institutions. In this 
way the research capability in the LDCs will 
be strengthened. 

The Commission appears to me to be ''di- 
rigé' in its approach, in that it has inade- 
quately emphasized the role of markets. The 
approving reference to self-sufficiency as a 
goal for each LDC leaves the impression that 
the Commission does not think much of com- 
parative advantage. The minutes of dissent in- 
dicate that some Commissioners wish to go 
even further and embrace the proposals of 
some radical LDC economists by suggesting 
that the LDCs “‘delink’’ from the developed 
world. They recommend that U.S. aid and 
food aid be stopped altogether in the hope that 
it would force LDC governments to pursue 
what they call “basic needs’’-oriented poli- 
cies. Apart from the lack of content or coher- 
ence of a ‘‘basic needs” strategy of develop- 
ment—if one can indeed define such a 
strategy—the naivete or, worse still, cold 
cynicism behind such a proposal is appalling. 
They ought to know that any delinking and 
cutback in aid is certain to hurt the poor and 
hungry more than any other group. 

The Commission has not emphasized 
enough the basic fact that what really matters 
from the point of view of elimination of hunger 
are the domestic policies and institutions that 
govern resource allocations in agriculture, as 
well as income distribution within agriculture 
and in the economy in general. There is no 
easy or quick-fix solution to institutional re- 
form. Nor is it simple to state the extent to 
which U.S. policies can aid or retard needed 
reforms. Good intentions and generalities are 
no substitutes for policies based on realistic 
assessment of the feasible, in specific, con- 
texts. 

Finally, the Commission could have ex- 
plored further the implications of the emerg- 
ing trends in international trade in food grains 
such as the following: (a) the increasing im- 
portance of middle income countries and oil 
exporters in the market for food grains, (b) the 
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fact that these countries and the Soviet Union 
wish to import grain for expanding their live- 
stock and increasing meat supplies, (c) the 
already concentrated grains market is becom- 
ing further concentrated in terms of few 
supplier countries and companies facing im- 
porters, some of whom are state trading orga- 
nizations, (d) the disappearance of U.S. food 
stockpiles that stabilized the trade in the six- 
ties, and (e) the impact of the energy crisis on 
the prices and supply of chemical fertilizers on 
which any substantial growth in food output in 
LDCs depends. Each of these factors has seri- 
ous, possibly adverse, implications for the 
elimination of poverty and hunger. 


References 


Bhalla, S. “Measurement of Poverty: Issues and Meth- 
ods." Mimeographed. Washington, D.C.: World 
Bank, 1980. 

Dandekar, V. M., and N. Rath. "Poverty in India.” Eco- 
nomic and Political Weekly, 1 and 2 Jan. 1971. 
Edmundson, W. ''Individual Variations in Basal Meta- 
bolic Rate of Mechanical Work Efficiency in East 
Java." Ecology of Food and Nutrition 8 (1979):189-- 

95. 

Ferro-Luzzi, A., et al. “Food Intake: Its Relationship to 
Body Weight and Age and Its Apparent Nutritional 
Adequacy in New Guinean Children.” Amer. J. Clin- 
ical Nutrition 28(1975):1443—53. 

Ojha, P. D. “A Configuration of Indian Poverty.” Reserve 
Bank of India Bull. no. 1 (1970), pp. 16-27. 

Reutlinger, S., and M. Selowsky. Malnutrition and Pov- 
erty. Baltimore, Md.: World Bank Occas. Pap. No. 
23, Johns Hopkins University Press, 1976. 

Srinivasan, T. N. ‘‘Malnutrition: Some Measurement and 
Policy Issues." J. Develop. Econ. 8(1981):3-19. 

Sukhatme, P. V. ‘‘Malnutrition and Poverty." Ninth Lal 
Bahadur Shastri Memorial Lecture, Indian Agricul- 
tural Research Institute, New Delhi, 1977. 

United Nations, Food and Agricultural Organization. 
"Energy and Protein Requirements." Report of a 
Joint FAO/WIHO Ad Hoc Expert Committee, Rome, 
1973. 


Economic and Environmental Consequences of U.S. Agricultural Trade Policy 
(George E. Rossmiller, Foreign Agricultural Service, USDA, Presiding) 


Toward a U.S. Agricultural Export 


Policy for the 1980s 


Alexander H. Sarris and Andrew Schmitz 


In a recent issue of Business Week, a special 
article on the restructuring of the American 
economy paid particular attention to the ag- 
ricultural sector and how it likely would be the 
prime fuel for inflation in the 1980s. The ratio- 
nale behind this outlook was the projection 
that international demand for U.S. agricultural 
exports would continue to grow rapidly, while 
a combination of slower domestic agricultural 
productivity growth and sharply increased 
production costs would temper a contem- 
poraneous increase in output. The article con- 
cluded by saying that ‘‘we certainly will need a 
federal policy on exports and in the next few 
years there is going to be an intense debate on 
that”? (p. 74). The purpose of this article is to 
open such a debate on an appropriate U.S. 
agricultural export policy for the 1980s. 

For the last decade, agricultural exports 
have comprised on the average roughly 20% of 
the total value of U.S. exports. Agricultural 
imports, on the other hand, have sharply and 
continuously declined in relative importance 
over the same period, from 15% of total U.S. 
imports in 1970 to 7% in 1980. The result has 
been a sharply growing agricultural trade 
surplus (from $1.5 billion in 1970, to $12.6 
billion in 1975, to $23.9 billion in 1980) com- 
pared to a widening nonagricultural trade def- 
icit (always in the red in the last decade and 
sharply increased in the last five years from 
—$20.7 bilion in 1976 to —$47.2 billion in 
1980). 

U.S. agricuitural exports are largely con- 
centrated in grains (42.696 of the total agricul- 
tural export value іп 1979-80), soybeans and 
products (24.1%), and cotton (6.7%), while a 
variety of animal products and tobacco com- 
prise the major part of the remainder. U.S. 
agricultural imports, on the other hand, are 
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less concentrated. Noncompetitive items with 
U.S. production, like coffee, cocoa, rubber, 
and bananas, make up 41.896 of imports in 
1979-80. Among the supplementary imports, 
the largest shares are occupied by beef and 
veal (18.9% of total supplementary imports by 
value in 1979-80) and sugar (14.9%), the re- 
mainder being comprised of a wide variety of 
products. 

Of particular importance to trade and the 
American balance-of-pavment position is the 
growing share of U.S. agricultural production 
that is exported. Table 1 shows proportions of 
the major agricultural products and the share 
of total U.S. agricultural production exported · 
from 1965—66 to 1978—79. Currently, about half 
of the total agricultural production is ex- 
ported, while a decade ago the proportion was 
about one-third. The growing importance of. 
trade for U.S. agriculture has implications that 
must be reckoned with in the 1980s. 


Production Expansion to Meet 
Foreign Demand 


In a recent series of policy papers (U.S. De- 
partment of Agriculture 1980a), the emphasis 
has been placed on increased U.S. agricultural 
production to meet the growing demand from 
abroad. Where is this growing demand bound 
to come from? Table 2 presents the United 
Nations, Food and Agriculture Organization 
(FAO) projections of increases in world ex- 
port availabilities and import requirements for 
the major U.S.-traded products for 1985. An 
important conclusion that these data support 
is that the major new markets for expanded 
U.S. agricultural exports (and, in particular, 
grains, oil seeds, and cotton) will be the de- 
veloping countries, while the importance of 
many traditional markets, such as Western 
Europe, other developed economies, and the 
USSR will decline in relative terms. 
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Table 1. Proportion of Yearly U.S. Production of Major Products Exported (Percentage of Total 
Quantity) and Value of Agricultural Production and Exports 
1965-66 1970-71 1974-75 1978-79 
---------------------- (Ф) ---------------------- 
Grains? 26.1 20.1 33.4 36.5 
Soybeans 28.9 36.9 35.3 38.1 
Cotton . 311 33.7 34.9 53.9» 
Value of agricultural production 
($ million) 17,944 21,626 48,620 58,151 
Value of agricultural exports 
($ million) 6,387 7,240 21,436 29,633 
Share of agricultural exports in 
total agricultural production (%) 35.6 33.5 44.1 51.0 








Source: U.S. Department of Agriculture 1980b. 
в Includes wheat, rice, corn, rye, oats, sorghum, and barley. 
5 1978 only. 


What are the costs of expanding U.S. ag- 
ricultural exports? Is a policy aimed at in- 
creased production only one more means by 
which importers operate in a trading environ- 
ment where buyers rather than sellers dictate 
the terms of trade? The key issue here is the 
nature of comparative advantage for the 
United States when price supports, research 
and development expenditures, subsidies, 
etc., are taken into account (Edwards and 
Freebairn). 

The United States and other grain export- 
ers, such as Canada and Australia, are pro- 
moting all-out production to meet demand from 
abroad. Consider a policy which increases 
production through increased expenditures on 
research and development. In figure 1 domes- 
tic demand is Da, and foreign demand is Dy. 
With a supply surve, S’, exports аге OQ. 


Now what are the effects of investing in re- 
search and development which yields a tech- 
nological change such that S, results? Quantity 
of exports expands to OQ,, and total export 
value becomes OP,bQ, which is larger than 
OP,aQ, if the export demand curve is rea- 
sonably elastic. Who are the gainers from the 
push toward production expansion? While the 
consumers in the exporting country gain 
P,a b' Р», the foreign consumers gain P,abP,, 
which is even larger, since export demand is 
such a large share of total demand. The pro- 
ducers’ gain, рей — Pef, is positive if the 
supply shift is parallel. However, if the shift 
makes the supply curve more elastic, the pro- 
ducers could certainly lose, and the loss could 
even exceed what the domestic consumers 
gain. 

Also, note that exports have increased in 


Table2. Projected Net Changes from 1975—77 to 1985 in World Export Availabilities and Import 


Requirements for Major Commodities 





Changes in Export Availabilities 


Changes in Import Requirements 











Eastern Other Eastern Other 

North Western Europe Developed Developing North Western Europe Developed Developing 

Product America Europe and USSR Countries Countries America Europe апа USSR Countries Countries 

--——-——---———————--——--——-—-—-———-—— (thousand metric tons) ~ == н 
Wheat 4,876 1,470 1,204 2,004 2,468 0 —2,067 -3,102 1,066 9,966 
Rice 653 135 0 76 1,054 29 -37 —256 54 2,431 
Coarse grains 20,115 364 2,725 1,517 263 -98 1,534 —5,737 6,485 24,624 
Meat 21 422 242 589 509 356 —256 -183 211 1,834 
Milk and milk products —418 8,217 1,188 —105 344 -155 —2,835 -322 946 9,675 
Fats and oils 1,010 0 900 ~120 2,930 0 80 -70 640 4,160 
Oilcakes and meals 970 —80 0 -70 2,030 -30 730 1,130 740 200 
Sugar 0° 240 145 705 3,400 835. -825 —1,800 550 3,700 
Cotton 483 -15 69 5 ~64 -2 —54 69 53 627 
Tobacco 91 31 -8 0 218 0 -2 64 85 113 
Citrus fruit —363 639 0 —116 4,302 388 688 643 68 757 
Cattlehides/calfskins 62 27 9 29 176 9 29 -17 84 210 








Source: United Nations, Food and Agriculture Organization. 





834 December 1981 


Р 

















Figure 1. 


Increased production via research 
and development in international trade 


both quantity and value terms, but there has 
not been a shift in foreign demand in the sense 
that the schedule, D,, has shifted to the right. 
The true statement is that exports have in- 
creased both in terms of quantity and total 
value because of policies in exporting coun- 
tries which have lowered the real price of food 
exports. In terms of data, if P,Q, and P,Q, 
were observed over time, one cannot neces- 
sarily conclude that there has been a growth in 
exports in that they have grown at some con- 
stant real prices; exports could have increased 
because of lower real prices. It is clear from 
figure 1 that policies can be introduced which 
result in an increase in exports, but the 
benefits from such policies can go largely to 
importers. A country should not necessarily 
be proud of the fact that its exports are ex- 
panding! 

There may be an important reason why ex- 
porters are pushing for increased production. 
Given the current political climate, Australia, 
Canada, and the United States are compet- 
ing for export markets (McCalla, Schmitz, 
Storey). As a result, Canada, for example, to 
maintain its export market share, also has to 
push for increased production, which it has 
recently done by trying to increase production 
by 30% above past levels. 

From the above analysis and data, the con- 
ventional wisdom, as expressed in the quoted 
Business Week article, that there are vast and 
growing international markets for U.S. ag- 
ricultural products should Се interpreted with 
caution. This growth might not occur if the 
marginal cost of production expansion in the 
United States had to be covered by the margi- 
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nal return from the export market. Second, the 
uncertain question that emerges is whether the 
developing countries, as a whole, can afford to 
purchase in the international market the im- 
mense quantities of food and feed crops that 
they will no doubt require, given that many of 
these nations face acute foreign exchange 
Shortages because of the energy crisis and al- 
ready heavy external indebtedness. A further 
unknown factor is whether the various efforts 
toward food self-sufficiency via intensification 
and technological adaptation methods in ag- 
ricultural production in those countries will 
significantly modify downward the already- 
mentioned FAO import requirements (cf. 
table 2). 

Another factor that should temper the unfet- 
tered optimism of those that envision everex- 
panding U.S. agricultural export markets is 
the rising agricultural protectionism in the 
major developed importing countries in the 
recent years. In the EEC, for instance, Samp- 
son and Snape and Jabara showed that in the 
last few years the ad valorem tariff equiva- 
lent of the variable levies is approaching the 
levels of the early 1970s after a period of low 
protective levels. This rising relative protec- 
tionism is not the result of increased political 
power of farmers in many countries. It is 
rather the result of generally softer world mar- 
kets (partly because of larger U.S. export 
supplies) coupled with fixed nominal agricul- 
tural internal price levels. It is probably not 
farfetched to assume that in the early 1980s the 
world agricultural scene presents a similar de- 
gree of ‘‘Disarray,’’ as Johnson computed for 
the early 1970s. 


Is Instability Going to be the Villain? 


The trends analyzed above, namely, the in- 
creased share of U.S. agricultural production 
that is exported and the projected relative shift 
of U.S. agricultural export markets toward the 
developing countries combined with the open- 
ness of the U.S. market, suggest that the real 
serious problem in the 1980s could well be a 
growing instability in the agricultural sector. 
Large price fluctuations in the agricultural sec- 
tor can lead just as easily to inflation as can 
continued shortages. The 1972—75 commodity 
price boom previded an example of how infla- 
tion can follow from commodity instability 
(Cooper and Lawrence). 

To analyze how the changing structure of 
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the market for U.S. exports (as suggested by 
table 2) impinges on domestic price stability, 
consider a simple model for one commodity. 
Let domestic supply, domestic demand, and 
demand for exports be given by the equations: 


(1) S = Sopu, 
(2) D = Dyop~*v, and 
(3) E = Еру. 


In equations (1)-(3), So, Do, and E, are the 
base period quantities of domestic supply, 
domestic demand, and exports, respectively; 
p is the domestic price (equal to the interna- 
tional one) which is equal to one in the base 
period; u, v, and w are multiplicative random 
disturbances with means equal to unity, un- 
correlated over time, and independent (for 
simplicity); and a, 8, and y are all positive 
constants equal to the short-run price elas- 
ticities of domestic supply, domestic demand, 
and export demand, respectively. The short- 
run market equilibrium condition that deter- 
mines the equilibrium price is 


(4) S=D+E. 


Denote by Sa, S, the base-period shares of 
total supply that are absorbed by the domestic 
market and exported, respectively (Sa + S, = 
1), and by x*, the proportional change of a 
variable from its basic value (x* = dx/x9). The 
differentiation of equation (4) leads to the fol- 


lowing expression for the short-run propor-. 


tional price shift: 

Sav* + Spw* — ц 
5 t= f 
OPP a + Sab + Spy 


zd г u* + S$, (w*-— v*) 
a +B + 5, (у – В) 


Denoting Бу о, 2, 0,7, and o,,”, the variances of 
v, u, and w, respectively, the variance of the 
proportional short-run price fluctuations (to be 
denoted by o,”) can be written as 


(6) co, = 
о? + о? S? (og? + с?) — 28,04 
[а +B + 8, (у - B)P 


It is immediately evident from (6) that 
do,”/dy < 0. In other words, if the price elas- 
ticity of demand for U.S. exports becomes 
smaller, then this will lead, ceteris paribus, to 
larger domestic price fluctuations. It has been 
observed as well as formally analyzed (Abbot, 
Sarris 1980) that the import demand of devel- 
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oping countries is highly price inelastic be- 
cause of government interference in- both 
domestic and external trade. If the destina- 
tions of U.S. agricultural exports become 
dominated by developing nations, as seems to 
be the trend, then the weighted price elasticity 
of demand for U.S. exports will diminish lead- 
ing to increased domestic instability. 

Assuming now that domestic demand fluc- 
tuations are miniscule compared with domes- 
tic supply and foreign excess demand distur- 
bances, we can obtain from (6) a simple ex- 
pression for the derivative of the domestic 
price variance with respect to the proportion, 
Ss, of domestic production that is marketed 
abroad: 











(7) do, Е 2с „2а + B) 
45, [a + B + Sy — B)P 
EN: Ae B oc, 
(s «+6 o ) 


Equation (7) suggests some interesting 
speculations. First, if y < B, namely, if the 
price elasticity of foreign demand is lower than 
the price elasticity of domestic demand, then 
the expression in (7) is positive, suggesting 
that an increased foreign exposure of U.S. 
agriculture will imply increased domestic price 
instability. Given the extensive foreign gov- 
ernment intervention in agricultural trade and 
the shift of U.S. exports toward more price 
inelastic developing countries, the hypothesis 
that y is smaller than 8 does not seem far- 
fetched. However, even if y > p, then, as 
table 3 indicates, it is mostly for values of the 
ratio y/£ much larger than one that the possi- 
bility of a negative sign of do,”/'dS,; becomes 
real. Furthermore, it is much more plausible to 
hypothesize that foreign demand fluctuations 
are much larger than domestic ones. Looking 
down the columns where c/o, is equal to .5, 
it can be seen that only when y/B reaches 5—a 
rather farfetched possibility—dces the sign of 
do? /dS; become negative. 

The above analysis suggests that, given ex- 
port and market trends, a major problem for 
U.S. agriculture in the 1980s will be increased 
instability and not secular rises or declines in 
product prices. 


Multilateral Reductions in Trade Barriers 


Traditionally, the United States has advocated 
free trade in agricultural exports. At the same 
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Table 3. Sign of 2с,2/45; for Different Values of Price Elasticities, Supply and Export Fluctua- 


tions, and Foreign Trade Dependence 





























Sy 3 4 5 6 7 
с.а 
y/B 2 1 5 2 1 5 2 1 5 2 1 5 2 1 5 
2 + + + + + + ж + + ç +ç xà fox Roc 
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time, however, supplementary U.S. agricul- 
tural imports, as well as principal exports, 
have been subjected to sizable trade barriers. 
For the former, Wipf computed that the total 
effective rate of production for sugar and 
syrup products in 1968 was 660%, while for 
dairy products it was 48%. Price supports for 
food grains and cotton in 1968 resulted in ef- 
fective protective rates of 143% and 101%, 
respectively. 

While the commodity boom of the mid- 
1970s reduced the effective protection rates to 
almost zero for most products, the recent 
years have seen a resurgence of U.S. protec- 
tionism. The yearly average differences be- 
tween the United States and international 
sugar prices have been 14.7%, 34.3%, and 
78.4% in 1976, 1977, and 1978, respectively. 
Wheat and feed grain payments to producers 
under CCC programs have reached $2 billion 
in 1978 compared te $360 million in 1975 and 
$330 million in 1976. 

Table 4 gives some recent estimates of in- 
creased imports from free trade in selected 
products in the United States and the major 
U.S. foreign markets. Note that, for two of 
the most highly protected U.S. commodity 
categories—beef and dairy products—the 
aggregate losses to the United States from free 


trade (i.e., increased imports) are much less 
than wha: the United States would gain from 
export expansion due to trade liberalization 
abroad. This can be seen merely by looking at 
the projected increased imports of Japan alone 
and by considering the fact that the United 
States enjays an 80% share in Japanese feed 
grain and soybean imports and a share close to 
5096 in some of the other products. 

It may vell be that importers of U.S. prod- 
ucts are uawilling to lower trade barriers be- 
cause the Jnited States is unwilling to do so. 
Yet, as table 4 shows, it is certainly in the best 
interest of the United States to move to freer 
trade because the losers from more liberal 
trade could easily be compensated by the 
gainers, so all could be made better off. 

In certaia commodities the United States 
has, in fac:, been unwilling to grant domes- 
tic producers protection through tariffs. For 
example, in the 1979 Mexican vegetable- 
dumping lawsuit filed by Florida producers, 
the United States ruled in favor of Mexico; 
hence, tarifs were not misused on Mexican 
exports of fresh winter vegetables to the 
United States (Schmitz, Firch, Hillman). 

Importers of U.S. agricultural products, 
such as Japan, may have good reason to favor 
protection other than for the often-heard ar- 
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Table 4. Alternative Estimates of Increased Imports Resulting from Complete Removal of 


Agricultural Trade Barriers 














Importing Area and Products USDA FAO Cline et al. 
------------------- ($ millions) ------------------- 
EEC of nine 
Beef 1,022 a 135 
Wheat 646 1,275 411 
Feed grains 1,935 1,322 843 
Soybeans 1,005 0 
Total, four products 4,608 1,389 
Japan 
Beef 6,199 42 
Milk, dairy products 5,109 169 50 
Wheat 90 80 234 
Feed grains 1,623 45 
Soybeans 889 0 
Total, five products 13,910 371 
United States 
Beef —189 98 
Dairy products 929 1,420 76 
Total, two products 740 174 
Total, three importing areas 19,258 1,934 





Source: Schmitz et al., chap. 7, p. 231. 
* Blanks indicate not available. 


gument that protection is used to increase in- 
come of farmers. Studies have shown that 
tariffs do more than just protect farmers—they 
result in a welfare improvemen: for the coun- 
try as a whole because the producer gains plus 
the tariff revenue more than offset the con- 
sumption losses. For example, Carter and 
Schmitz have shown that, for wheat alone, 
major importers have gained roughly $3.7 bil- 
lion per annum from pursuing close to op- 
timum tariff policies. 

In addition to optimal tariff policies used by 
importers of U.S. goods, exporters to the 
United States may also be using their trade 
policies to their advantage. Fo- example, Aus- 
tralian exports of beef to the United States 
are restricted by the use of voluntary quotas. 
Theoretically, one can show that the use of 
such quotas can give exporters monopoly 
power. If the exporter is able to collect the 
quota rent, it can, in essence, impose an opti- 
mal export tax by using a voluntary quota. 
Quotas can allow exporters to behave in a 
cartel-like manner against importers. The em- 
pirical results by Dodge suggest that this is 
what is happening with respect to exporters of 
beef to the United States. Thus, it may well be 
that importers of U.S. goods exert, con- 
sciously or not, monopsony power in buying; 
and exporters to the United States exert 
monopoly power in selling. This is certainly 


the worst of all possible worlds for the United 
States to be in. If this is true, it might offer 
another reason that countries who trade with 
the United States are resistant to alter sub- 
stantially their trade. policies. 

Would the United States be willing to lower 
its agricultural trade barriers if its trade 
partners agreed to lower theirs? It would cer- 
tainly be the best economic policy to pursue. 
Two recent developments seem to suggest that 
the United States could be more eager to do so 
in the 1980s. First, the income position of U.S. 
farmers, which always provided the rationale 
for restrictive policies, has improved consid- 
erably. While the average per capita dispos- 
able income from all sources of farmers stood at 
7196 of the average disposable income of the 
nonfarm population during 1965—70, the pro- 
portion in 1975-79 was 9196. Second, con- 
sumer interests are becoming much stronger 
politically and much more aware of the huge 
costs of past farm programs which only re- 
sulted in higher food prices. 


Implications for Agricultural Trade 
Policy in the 1980s 


It goes without saying that the United States 
has a dominant position in world agricultural 
trade. This position is bound to become more 
important, given the projections of table 2. 
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With this degree of market power, the relevant 
question becomes whether the United States 
cen or should vse this power to its advantage. 

This issue and the desirability of production 
expansion in exporting countries, which was 
questioned earlier, are encountered in discus- 
sions of the implementation of a grain export 
cartel. In a forthcoming book (Schmitz et al.). 
it is demonstrated that production may have tc 
be curtailed— at least in the short run—for op- 
бта! pricing to be achieved by exporters. In 
the long run this need not be the case. Given 
the tariff protection afforded high income im- 
porters, to be initially effective a cartel may 
have to reduce exports and production. Then, 
if importers respond, production may increase 
due to the movement toward free trade. 

One of the key components of a cartel is 
cooveration among exporters. While the issue 
is important for wheat, it is much less impor- 
tant for feed grains because the United States 
is the major exporter. For a grain cartel to be 
effective, the United States, Canada, and Aus- 
tralia must have a cooperative production 
and export policy. As pointed out earlier, 
these countries currently seem to have a com- 
petitive strategy—a situation which importers 
enjoy immensely! The idea ofa cartel is to gain 
rents from importers which the latter currently 
obtain from optimal tariff policies. As shown 
earlier, a policy among exporters of increased 
production to meet increased export demand 
does the opposite. Instead of raising price and 
total revenue (net of subsidies, etc.) as a cartel 
would, current policies lower price and reduce 
rent. Current policies only add to the buying 
power of importers. 

In terms of export policy, a conflict arises 
between the domestic sector on aggregate ver- 
sus producers. As Carter, Gallini, and Schmitz 
demonstrate, a government export cartel, 
which considers bozh producers and consum- 
ers jointly, is quite different from a producer 
export cartel established to maximize only 
producer returns. In the government cartel 
case, food prices are kept relatively low for 
domestic consumers. This is done by pricing 
grain for both food and feed uses below that 
chargec to high income importers. This helps 
keep meat prices low as well. A producer car- 
tel, in turn, will tax both domestic and foreign 
consumers. 

While cartel-like policies might put pressure 
on high income impcrters to lower trade bar- 
riers, the United States must be considerate of 
developing country needs. Unless these coun- 
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tries can increase their agricultural exports (as 
Valdés and Zietz demonstrate, they could ben- 
efit considerably from OECD agricultural 
trade liberalization), a grain, and especially a 
food grain, cartel might contribute toward fur- 
ther balance-of-payment difficulties for them. 

While production restriction policies could 
result in a situation where the United States 
could exploit fully its international market-size 
advantage, such policies could increase do- 
mestic price instability. As Sarris (1981) dem- 
onstrates, in such cases a buffer stock pol- 
icy operated solely by the exporter with a 
stabilization objective could result in both 
higher expected welfare for the exporter and 
lower price variance than an optimal export 
tax policy. Given the likelihood of increased 
instability in the 1980s, a buffer stock policy 
operated by the United States could afford the 
best welfare cum stability outcome possible. A 
buffer stock, however, should not be the result 
of secular overproduction and used to support 
farm income as was the case in the late 1960s 
and early 1970s. It should have a clear stabili- 
zation objective which can be shown to help 
both producers and consumers. The farmer- 
held reserve provided a good example of such 
a stabilizing stock policy. 

Cartel and buffer stock policies might not 
be as good as multilateral trade liberalization. 
However, unless the United States decides to 
lower its own agricultural trade barriers, not 
much shouid be expected from its partners. In 
such a situation, unilateral actions might be 
the only ones that serve producers as well as 
consumers in an equitable manner. 
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Interrelationship among Export Markets, 
Resource Conservation, and Agricultural 


Productivity 


Earl O. Heady and Cameron Short 


The growing export market for U.S. farm 
commodities, especially grain, over the last 
decade has become the basic source of mod- 
ern farm prosperity. While the public invested 
in a multibillion dollar supply and marketing 
control program over several decades to pro- 
vide agriculture an equitable share of na- 
tioral income, the effects were somewhat mi- 
nute in improving farm prosperity and asset 
values compared to the quantum jump result- 
ing from greater exports since the early 1970s. 
The sources of these increases, greater in- 
comes and populations of developing coun- 
tries, institutional changes causing the Soviet 
Union and China to enter Western markets, 
and generally higher per capita incomes and 
meat consumption the world over, has— 
barring the negative fallout of major wars—the 
prospects of furthering the demands for U.S. 
grain and food exports. This newly acquired 
prosperity and wealth for agriculture in the 
immediate future does not necessarily promise 
a cortinued payoff for the next generations of 
farmers. There are two potential reasons that 
maintenance and further growth may not ben- 
efit equally the next generations. One is the 
tendency of current generations to capitalize 
the future growth in demand and income for 
U.S. agriculture into present land values. 
They have already ‘‘banked’’ this future re- 
turn to an extent that the current return on 
land investment is very low. While numerous 
agricultural economists have proclaimed that 
exports and export policies are the significant 
-future issues of agriculture (Schuh), this is 
true mainly for farmers who are land owners 
and have been or will be able to take advan- 
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tage of the tremendous inflation in land values, 
resulting from general inflation and the growth _ 
in export demand and domestic commodity 
prices, and realize huge gains in their asset 
values. Of course, their descendents who in- 
herit these enhanced asset values similarly will 
gain. If land prices ‘‘inflate forever," owners 
of farm land and their offspring will continue 
to ‘‘gain forever,” just as will holders of gold 
and scarce works of art if they ‘“‘continue to 
inflate forever.” 

Without this ‘‘forever inflation," and with a 
long string of growing future incomes already 
capitalized into land values, future purchasers 
of these assets will not find ‘‘exports the magic 
secret to farm prosperity." Farmers then may 
realize a low return on resource values gener- 
ated from current earnings, just as are current 
farmers, who also have a mammoth capital 
gain increment to augment operational in- 
come. Farmers of the 1920s, 1950s, and 1960s 
complained mainly because they realized a 
low rate of return on their resources. New 
purchasers of land are faced with exactly the 
same problem. The American Agricultural 
Movement, as its members capitalized en- 
hanced exports future prices into land values 
and pressed for price supports which would 
maintain corresponding asset values and re- 
turns, conducted the most violent demon- 
strations ever staged by U.S. farmers. Pros- 
pects are that farmers of the year 2000 will still 
ое claiming low resource incomes and the 
need for higher support prices. Growing ex- 
ports and export policies give no promise of 
eliminating this seemingly ubiquitous problem 
of agriculture over time. 

The second reason growing exports will not 
solve all economic problems for all future farm 
generations is the potential unreclaimable de- 
terioration of natural resources used in farm- 
ing. The mining of our groundwater supplies in 
the gigantic Ogallala Aquifer has somewhat 
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paralleled our growth in the exports through 
P.L. 480 and market forces over the last 
twenty-five years. Already the drawdown of 
the water table is causing some farmers to shift 
back to dryland farming methods. As ground- 
water withdrawals eventually drop to recharge 
levels and the irrigated area shrinks, we per- 
haps can claim that our former endowment of 
stock water resources was exported with the 
enhanced foreign sales of grain in the later 
decades of the twentieth century. The impor- 
tant point is: Export growth will not solve all 
adjustment and income problems of these 
farmers in the future. 

Perhaps of more long-run importance to so- 
ciety is the level of exports which can be main- 
tained and the set of technologies which can 
be used while productivity of U.S. agriculture 
is sustained in the long run. The major com- 
plex involved here is soil erosion and related 
environmental problems. Some agriculturists 
propose that we are exporting our top soil and 
future agricultural productivity along with the 
record amount of grain moving into interna- 
tional markets. Of course, many soil profiles 
are so deep that each ton of soil lost does not 
immediately lower productivity. Agronomists 
have estimated soil loss rates (f, or tolerance 
levels) which vary with soil type and climate 
and provide an approximation of the rate at 
which soil can be eroded before productivity 
declines become effective (Wishmeier and 
Smith). 

There is considerable evidence that the in- 
terrelated forces of farm structure, enhanced 
exports, high commodity prices, and ex- 
tremely inflating land values have encouraged 
a near-monoculture type of agriculture which 
is exploitative in nature and gives rise to high 
rates of soil erosion and related chemical 
runoff. Under present machine and crop tech- 
nology systems, there is a strong pressure for 
farms to become large and highly specialized 
(hence, the increasing monocultural nature of 
farming). Becoming larger through land pur- 
chases is a popular way to increase wealth 
under inflating land values. Interest payments 
on borrowed funds lower income taxes and 
enhance current after-tax-income while gen- 
erating long-term capital gains in land value 
appreciation. With mammoth capital out- 
lays required for machinery and land pur- 
chases, plus the need for large and immediate 
cash flows to service interest and principal 
payments, many farmers are, as one of our 
farmer friends puts it, "forced to farm the land 
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like hell." While present or potential produc- 
tivity may be declining, the farmer can ac- 
cumulate more land and gain automatically as 
long as land value inflation continues. A part 
of rapid land value inflation has been indirectly 
due to export volume in recent years. To an 
extent, investment in farm land becomes akin 
to investment in aged tenement buildings in 
larger cities; repair of depreciation can be 
foregone with financial advantage if real estate 
values maintain a satisfactory inflation pace. 

There is considerable belief and some evi- 
dence that high exports and the associated 
high commodity prices and land inflation have 
accentuated soil erosion on many fragile soils 
of the nation. So great has this concern be- 
come that a number of public bodies and in- 
stitutions have begun to delve into it. Included 
are the activities of the National Academy of 
Science (National Research Foundation), the 
Office of Technology Assessment, Resources 
for the Future, the Conservation Foundation, 
the North Central Regional Research Commit- 
tee-III, the U.S. Department of Agriculture 
through its monitoring and analysis work of 
the Resources Conservation Act (RCA) and a 
consortium of Land Grant Universities, the 
U.S. Department of Agriculture, and most of 
the professional societies representing agricul- 
ture (Hauser). More empirical evidence needs 
to be gathered. However, there is growing 
quantitative evidence that soil loss rates have 
accelerated in the last decade, with the 
realized or potential twin effects of reducing 
land productivity and furthering nonpoint pol- 
lution of our streams. 

While some progress has been made in con- 
servation tillage methods and conventional 
conservation practices, there also has been an 
accentuated shift to crop specialization such 
as the corn-soybean patterns of the Corn Belt 
on both level and hilly land. These semimono- 
cultures, another representation of farming 
structure as it moves to larger and more spe- 
cialized farms, give rise to higher levels of soil 
erosion than did the meadows rotations and 
diversified farming systems of previous de- 
cades. 

A larger acreage of row crop, the shift to a 
near-monoculture and the advent of huge trac- 
tor and machine units which cannot readily be 
used with terraces and contouring interact 
with the high commodity prices and land val- 
ues which have been associated with growing 
exports over the last decade. Studies at differ- 
ent times in Western Jowa show a large 
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increase in scil loss (Blase and Timmons, 
Hauser, Larson). Timmons reports an in- 
crease of nearly 25% in erosion rates in Ida- 
Monona-Hamburg soils in Iowa in less than 
twenty years and projects large increases over 
the Corn Belt “Schuh, Timmons 1979a). Of 
course, the incorporation of set-aside land 
from the early 1970s, as exports exhausted 
surplus stocks and negated the need for grain 
supply controls, also has contributed to 
greater erosion. Typically, this was somewhat 
marginal land. : 


Tradeoffs between Export and Soil Loss Levels 


Certainly at some high levels of sustained ex- 
ports, in conjunction with certain techno;ogies 
that might be used in agriculture, soil erosion 
and agricultural productivity must become 
important national problems. Extremely high 
export levels may be attained in the short run 
whica cannot be maintained in the long run if 
agricultural productivity is to be maintained. 
A trade-off curve between export levels (in 
total production levels for domestic or export 
use) does exist according to a set of mcdels 
whick we have had operational over a number 
of years (Daines and Heady, English and 
Headv, Larson et al, Meister and Nicol, 
Nicol and Heady, Timmons 1979a). These 
models are now being used to help the U.S. 
Depar:ment of Agriculture in its RCA monitor- 
ing ard analysis and for related research. 
Since these models are documented else- 
where, we will forego detail and summarize 
only their general characteristics. The models 
are national and interregional in nature with 
105—223 producing regions and 25-35 marxet 
regions and a linking transportation submodel. 
Each producing region includes 5—9 separate 
land classes with differential erodability and 
soil loss. (Irrigated regions have 10-18 land 
classes to allow for both irrigated and dryland 
crop possibilities.) Soil loss coefficients are 
defined for each crop or crop rotation, each 
conservation practice (contour, terrace, strip 
crop, etz.) and each tillage method (conven- 
tional moldboard, no till, conservation till, 
etc.) on each land class in each producing 
region under the varying climatic conditions 
prevailing. Restraints at different levels thus 
can be placed on soil loss per year for each 
land class in each prcducing region, with ex- 
port possibilities determined accordingly. 
(Erosion restraints also can be established for 
regions, watersheds, or other physiographic 
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entities.) One restraint level of particular rele- 
vance is the г’? tolerance level, the level of 
soil loss which agronomists estimate can occur 
if soil productivity is to be maintained (Wade 
and Heady). Alternatively, exports can be pa- 
rameterized or set at different levels while soil 
loss per acre is measured by land classes 
within regions, or by regions, watersheds, 
river basins, etc. When used with an objective 
function of least-cost or competitive equilib- 
rium, the models show the combination of 
crops, conservation practices, and tillage 
methods (i.e., the technology set) which will 
maintain a given level of soil loss at minimum 
cost while allowing a given level of exports to 
be attained. (As a long-run competitive 
equilibrium model, it also can show the most 
efficient combination of technologies for a 
given soil loss and export combination.) We 
have been in the process of deriving these 
possibilities for the U.S. Department of Ag- 
riculture in its RCA analysis and now are ex- 
tending, respecifying and updating models for 
the 1985 RCA evaluation. These models not 
only can indicate the various sets of exports 
and soil loss levels which will allow suste- 
nance of agricultural productivity over the 
long run (or the level of soil loss conforming to 
a given export level or vice versa) but also can 
estimate the cost of abating soil loss to spec- 
ified levels and various export levels. They 
also can provide the basis for estimating the 
redistribution of income and asset values, es- 
pecially among regions, associated with any 
specified or policy-induced soil loss and ex- 
port sets. 

We have recently constructed a five-land 
class, 105 producing-region model to focus on 
tke relationship between soil loss and export 
levels. The land base (table 1) consists of 403 
million acres of cropland estimated available 
in 1977 from the National Resource Inventory 
(U.S. Department of Agriculture). We project 
26 million acres will be converted to nonag- 
ricultural uses by 2000. All but approximately 
24 million acres would be available for the 
endogenous crops. The land classes are se- 
lected so that a range of erosion hazards and 
farming practices can be represented in the 
model with prime agricultural lands included 
in land classes 1 and 2, erosive but otherwise 
suitable lands in land classes 3 and 4 and most 
marginal lands incorporated in land class 5. 

The range, pasture, forest, and other lands 
with high and moderate potential for conver- 
sion to cropland is incorporated in the model 
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Table 1. Projected 2000 Crop Land Base 
Region 
North South North Great South North- South- 
Item Atlantic Atlantic Central Plains Central west west Total 
----------------------------- (1,000 acres)- --------------------------- 
Endogenous cropland: 
Land class 1 1,613 6,459 32,831 7,963 7,421 1,090 2,372 59,749 
Land class 2 6,764 27,775 81,444 31,830 30,333 5,253 3,652 187,052 
Land class 3 1,879 3,463 16,773 25,939 15,292 6,088 795 70,228 
Land class 4 694 1,177 4,846 9,361 5,213 2,138 1,19: 24,620 
Land class 5 431 1,118 2,939 4,015 1,808 796 423 11,530 
Total 11,380 39,993 138,834 79,108 60,067 15,364 8,434 353,180 
High potential land: 
Land class 1 56 597 572 245 528 21 12 2,031 
Land class 2 705 8,756 5,577 3,071 4,342 604 472 23,527 
Land class 3 112 1,074 1,462 2,553 1,969 309 99 7,578 
Land class 4 45 227 370 728 209 103 89 1,771 
Land class 5 81 238 180 551 171 397 1,108 2,696 
Total 999 10,952 8,161 7,148 7,219 1,434 1,660 37,603 
Moderate potential land: 
Land class 1 94 260 360 132 316 5 8 1,269 
Land class 2 2,214 14,63 8,989 5,006 8,375 993 1,155 41,695 
Land class 3 736 4,£17 3,770 7,144 7,423 649 363 24,602 
Land class 4 308 1,748 1,794 3,536 2,486 543 717 11,132 
Land class 5 500 2,281 1,212 3,548 1,109 968 1,731 11,399 
Total 3,852 23,869 16,125 19,366 19,703 3,158 4,024 90,097 


with appropriate conversion costs. Some au- 
thors (Amos and Timmons, Shulstad and 
May) have questioned whether as much as 
127.7 million acres could actually be con- 
verted to cropland under any set of realistic 
conditions so we have duplicated our analysis 
with high potential land only and with both 
high and moderate potential land available for 
conversion. Except where noted otherwise 
below very similar patterns are evident in the 
results for both scenarios. 

We project domestic consumption of en- 
dogenous crops in 2000 to be as follows: 199.1 
million tons of feed grains (corn, sorghum, 
‘barley, and oats); 1,033 million bushels of 
wheat; 2,293 million bushels of soybeans; 7.7 
million bales of cotton; 57.4 and 82.1 million 
tons of nonlegume and legume hay, respec- 
tively (from cropland only); and 109.4 million 
tons of silage. Projections of domestic con- 
sumption levels are relatively reliable so no 
attempt was made to parametize these num- 
bers. Domestic demands do not include a 
component of grain for gasohol production nor 
is a biomass crop implicit in the land base. The 
overall effect of a significant ‘‘energy from 
agriculture” program would te similar in ef- 
fect to increased exports but differ in detail. 

Four different export levels in the year 2000 
are examined. The lowest expcrt level (level I) 
is a 50%, 53%, and 75% increase over histori- 





cal exports over the period 1977-79 for feed 
grains, wheat, and soybeans, respectively. 
Export levels II, IIT, and IV are a 17, 67, and 
11796 increase, respectively, over the base ex- 
port level. The most recently available NIRAP 
projection falls between export levels II and 
III. All export levels are feasible when both 
high and moderate potential land is available 
for conversion to cropland, but export level IV 
is not a feasible level when only high potential 
land is available for conversion. 

An important result of our model is that far 
more extensive use is made of soil-conserving 
tillage methods and conservation practices 
than are currently practiced. No-till is prac- 
ticed on between 50% and 60% of the land in 
all solutions and conservation till used on most 
of the remaining land. We feel that there are 
inherent advantages in the conservation till 
and no-till practices developed and being de- 
veloped to make these the standard tillage 
methods of the future. Approximately 70% of 
the cropland is also selected for some conser- 
vation practice. Contour plowing is the most. 
important, accounting for 50%-55% of total 
cropland. Strip cropping is relatively insig- 
nificant, accounting for around 4% in nearly all 
solutions. Terracing is used on 10% to 15% of 
the cropland with the amount of terracing in- 
creasing with exports. 

Despite the extensive adoption of soil-con- 
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serving tillage methods and conservation prac- 
tices, the tolerance levels for gross soil loss 
are exceeded on one or more land classes in a 
la-ge portion of the producing regions even 
with low export levels. Tolerance levels агг 
exceeded on some land classes throughout 
most of the North Atlantic and South Atlantic 
Zones, a large portion of the north central and 
eastern part of the South Central and Great 
Plains zones. Tolerance levels also are ex- 
ceeded in some of the most important agricul- 
tural areas in the Western states. The most 
notable change with increased exports is in the 
mid-continental states where tolerance levels 
are exceeded in a large number of producing 
regions only with highest export levels, al- 
though more marginal land is brought into 
production in all regions. 

At low levels of export demand most of land 
class 5 is not used. Practices adopted on land 
classes 3 and 4 contribute most heavily to ero- 
sion. When expert levels increase it becomes 
proritable to adopt practices which conserve 
soil and productivity on land classes 3 and 4: 
Soilloss per acre drops sharply for these land 
classes in many producing regions. The most 
marginal cropland in the existing land base, 
land class 5, is brought into use greatly ex- 
ceecing the tolerance levels. The distribution 
of gross soil loss from cropland is very skewed 
in all solutions and becomes more skewed 
with increased exports. The number of acres 
in absolute terms exceeding the tolerance 
levels is not great in any solution and de- 
creases with increased exports nationally and 
in al! regions except for the South Atlantic, 
Northwest, and Southwest. 

Conversion of potential cropland to crop- 
land increases with each increase in the level 
of exports. Potential cropland is available in 
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nearly all land classes in most producing re- 
gions, but the distribution of potential crop- 
land is more skewed towards the erosive land 
classes. The land that is converted at lower 
levels of exports tends to be the least erosive. 
As export levels increase a larger proportion 
of the conversion is for land classes 3-5. 

Gross soil loss increases with exports, but 
not dramatically at the national level. For ex- 
ample, gross soil loss increases by 21% when 
exports nearly double in moving from export 
level II to IV for the scenario with both high 
and moderate potential land available (table 
2). With only high potential land available, soil 
loss decreases with increases in exports until 
the highest attainable levels of exports are 
reached where soil loss shoots up rapidly. 
Comparing the lowest level of exports with the 
highest, 1.88 and 0.24 tons of soil loss is in- 
curred for each $100 (at constant prices) of 
increased exports for the scenario with high 
and moderate potential land conversion and 
the scenario with only high potential low con- 
version, respectively. But the trade-off at the 
national level conceals some of the most dis- 
turbing results. Soil loss in the western two 
zones more than doubles. There is a very large 
increase in soil loss both in absolute and in 
relative terms in the South Atlantic zone 
where soil profiles are relatively shallow and a 
high proportion of eroded soil finds its way 
into water courses and rivers. 


Policy Implications and Focus 


We expect to be able to provide increasingly 
refined quantitative estimates of the trade-offs 
or possibility frontier between exports, soil 
loss, and productivity coefficients before the 











Zone 
North South North Great South North- South- 
Demand Levels Atlantic Atlantic Central Plains Central west west Total 
So mmm A ^^—MÁ—— (million їоп8)---------------------------- 

Full lard availability 

and moderate yields: 

Il 24,468 162,769 299,648 234,507 205,554 21,829 12,043 960,819 

ш 30,093 198,124 284,156 260,169 215,795 29,665 15,743 1,033,745 

IV 26,053 251,577 319,100 282,892 221,783 55,480 39,294 1,196,179 
High pctential land 

and moderate yields: 

I 23,108 155,189 329,298 212,434 178,281 19,768 11,342 929,420 

H 24,644 180,476 259,316 230,541 171,072 27,488 12,271 905,811 

Ш 18,254 210,508 265,008 208,278 180,578 45,640 16,269 944,534 
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1985 RCA assessment. However, we believe 
that those already generated provide a rele- 
vant basis for policy based on these normative 
estimates which indicate future potential. 
Some policy directions become fairly obvious. 
Society could, of course, decide to ‘‘continue 
all-out export efforts while domestic produc- 
tivity goes down the tube." We doubt, how- 
ever, that society should or will do so over the 
long run. 

If society selects a mix of exports, 
technologies, and soil losses which maintain 
agricultural productivity and a favorable envi- 
ronment, it could use several approaches. One 
would be to attempt to set export limits 
(quotas, embargo limits, etc.) at levels which 
are consistent with a soil loss level, under 
appropriate technology, which maintains soil 
erosion and agricultural productivity at the de- 
sired level. For example, a dictum could be 
announced that exports above some level are 
to be embargoed. But a policy of this sort 
would be clumsy to administer (and could 
imply a farm income maintenance program 
due to reduced commodity prices). Exports 
also could be taxed for similar purposes. An 
upper limit or tax on exports also would be 
difficult to implement with respect to the most 
erosive soils. For example, highly erosive 
lands near the point of export might be 
planted to corn, soybeans, cotton, and similar 
row crops while level lands elsewhere were 
planted to close-grown crops and forages. Ex- 
port controls would in no way relate to or 
restrain the type of conservation practices, till- 
age methods, or other technologies which re- 
late to erosion and chemical run-off and, as 
our results indicate, would likely not be fully 
effective in protecting agricultural productiv- 
ity. Hence, rather than to use export levels as 
a means to direct land use and erosion control 
or environmentally related technologies, the 
causal direction might best be in the opposite 
direction. 

Supposing that there is some combination of 
quantitatively optimal levels of exports and 
soil conservation technology, then the cost 
(i.e., opportunity cost) of not controlling ero- 
sion should be sufficiently high that it eventu- 
ally limits production and export levels—sup- 
posedly through a set of price mechanisms 
which encourage soil-conserving land use and 
technologies and thus increases commodity 
prices to the needed level in limiting exports to 
maintain long-run agricultural productivity. 
The prices (subsidies or taxes) could be re- 
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lated to specific conservation practices, tillage 
methods, and land use technologies which do 
restrain erosion (and perhaps chemical run- 
off) to goal levels. To tie the price (i.e., tax or 
subsidy) of erosion control to the particular 
practice and land class would be most practi- 
cal in implementation and in getting erosion 
control where it is most needed in terms of (a) 
rates of soil erosion, and (b) the productivity 
of the land classes and locations to be con- 
served (Daines and Heady). One variant of 
this approach would be to institute an export 
**check-off"' to fund such a program, perhaps 
adding to the rationale and political appeal. 

Numerous other policy means could be used 
to attain sets of export and soil loss rates 
which would conform with a socially deter- 
mined goal or optimum. Conforming soil loss 
levels (such as tons per annum, f-levels, etc.) 
could be established, then farmers could be 
penalized (fined, jailed, taxed, etc.) for soil 
losses above these levels. Policy of this nature 
is attractive from two perspectives: effective 
agricultural productivity is most genuinely 
protected; large reductions in soil loss would 
result (recall the skewed distribution of soil 
loss) and thus a substantial enhancement of 
environmental quality. However, this instru- 
ment would have low political acceptance and 
would entail other implementation com- 
plexities. 

Drawing production and export levels down 
to conform with maintenance of long-run ag- 
ricultural productivity (or the level which is 
determined to be socially and economically 
optimal via appropriate intergeneration ex- 
pression of time preference or other criteria) 
would be expected to increase total market 
value of sales, and likely net income of farm- 
ing, since most price elasticities of demand are 
less than unity. This growth in income through 
the market per se would be unlikely to result in 
an equitable redistribution of farming returns. 
Farmers on level land would have no conser- 
vation investment and could even cultivate 
their land more intensely; farmers on erosive 
soils could be faced with both greater invest- 
ments in appropriate machinery and land prep- 
aration and reduced output from a less inten- 
sive agriculture. A system of practice sub- 
sidies or incentives (i.e., cost sharing, cross- 
compliance, etc.) would be needed to restore 
equity, as well as attain conservation goals, if 
unanimous consent were approached in the 
optimum mix of exports and soil erosion 
abatement. 
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Institutional and Other Forces Apart from 
Markets 


Tae enhancement or markets through exports, 
coupled with inflation as summarized earlier, 
can have important impacts on land use and 
pctential land productivity. Not every land 
class in each location is faced with an immedi- 
ate precipice of yield declines. Erosion car 
proceed for some time in areas of deep soil: 
before productivity declines will be experi- 
enced or will not be offset by advancec 
technologies. While they are greatly improv- 
ing knowledge, agronomists are not in com- 
plete certainty and agreement on the rate of 
soi. formation, vis-à-vis, rates of erosion or 
land deterioration. But a policy based on 
**t"-values may be desired until greater cer- 
tainty in knowledge is attained. It would seem 
unwise for a society to let a major portion of 
its land erode down to the last two inches of 
soil useful in productivity. It thus is important 
that policies with respect to exports be inte- 
grated with those in respect to soil erosion, 
resource conservation, and environmental 
considerations. 

In making this statement, we are, of course, 
aware that it is not alone the thrust of market 
forces and prices which cause exploitation of 
agricultura] resources. Favorable price pros- 
pects over time can even place a premium on 
resource conservation and investment in it for 
some land resource groups. Frequently, it is 
not markets and prices per se which cause an 
accelerated use of stock resources such as 
grour.dwater or an exploitive use of land. The 
institutions and related conditions prevailing 
in agriculture and surrounding the market can 
do so. Examples include tenure systems and 
uncertainty of tenants' returns from conserva- 
tion investment over time, the supply, terms 
and repayment schedule of credit, the age and 
immediate planning horizon of the farm 
operator or land owner, the paucity of infor- 
mation available to farmers, and others. There 
also are cases in which profitable conservation 
practices are not used because the farm 
operator or land owner is unaware of the level 
of return. In other cases, conservation prac- 
tices are edopted with a distributed lag be- 
cause farmers contrast them to customary 
practices (e.g., clean-plowed fields with no 
trash compared to residue-covered land). 
Where these voids exist, when conservation 
practices otherwise would be economic to the 
individual society, eppropriate policy means 
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or inst:tutional change is needed to eliminate 
them. 


References 


Amos, Orley Milton, Jr., and John F. Timmons. Supply of 
Potertial Cropland in Iowa. Dep. Agr. Econ. Report 
to Resources for the Future, Iowa State University, 
1979. 

Blase, Melvin G., and John F. Timmons. Soil Erosion 
Control in Western Iowa: Progress and Problems. 
Iowa Agr. and Home Econ. Exp. Sta. Bull. No. 498, 
1961. 

Daines, David, and Earl O. Heady. Potential Effects of 
Policy Alternatives on Regional and National Soil 
Loss. Senter for Agricultural and Rural Development 
CARE Rep. No. 90, Iowa State University, 1980. 

English, Eurton C., and Earl O. Heady. Short- and 
Long-Yerm Analysis of Several Soil Loss Control 
Measu-es on Agriculture. Center for Agricultural and 
Rural Development CARD Rep. No. 93, Iowa State 
University, 1980. 

Hauser, Wade R. “Soil Erosion Control in Western 
Iowa." Ph.D. thesis, Iowa State University, 1976. 

Larson, W. E. ‘Protecting the Soil Resource Base.” J. 
Soil and Water Conservation. 36(1981):13-16. 

Larson, W. 3., et al. Soil and Water Resources: Research 
Priorities for the Nation. Madison, Wis.: Soil Science 
Society of America executive summary, 1981. 

Meister, Anson, and Kenneth J. Nicol. A Documentation 
of the Mational Water Assessment Model of Land 
and Wcter Use and Environmental Interaction. 
Center for Agricultural and Rural Development, Iowa 
State Uriversity, 1975. 

Nicol, Kenneth, and Earl О. Heady. A Model of Re- 
giona! Land and Water Use and the Environment: 
A Docur entation. Center for Agricultural and Rural 
Developnent, Iowa State University, 1975. 

Nicol, Kenneth, et al. Models of Soil Loss, Land and 
Water U-e, Spatial Agricultural Structure and the 
Environment. Center for Agricultural and Rural 
Development CARD Rep. No. 49T, Iowa State Uni- 
versity, 1974. 

Schuh, G. Edward. “The New Macroeconomics of Ag- 
riculture." Amer. J. Agr. Econ. 58(1976):802-11. 

&hulstad, Robert N., and Ralph D. May. ‘Conversion of 
Noncroplznd to Cropland: The Prospects, Alterna- 
tives, and Implications." Amer. J. Agr. Econ. 62 
(1980): 1077-83. 

Tmmons, Joha F. Agriculture's Resource Base in Soil 
Conservatron Policies: An Assessment. Ankeny, Ia.: 
Soil Conservation Society of America, 1979a. 

Tmmons, John F. “Statement on Agricultural Productiv- 
ity and Environmental Quality.” Joint Hearings, 
U.S. House of Representatives, Subcommittee on 
Natural Resources and the Environment, 1st sess., 
1979b. 

U.3. Department of Agriculture, Soil Conservation Ser- 
vice. Basic Statistics 1977 National Resource Inven- 
tory, mimecgraphed. Washington, D.C., 1980. 





Heady and Short Economics, Environment, and U.S. Trade Policy 847 


Wade, James C., and Earl О. Heady. A Na:ional Model of | Wishmeier, W. H., and D. D. Smith. Predicting Rainfall 
Sediment and Water Quality: Impacts on Agricul- Erosion Losses from Cropland East of the Rocky 
ture. Center for Agricultural and Rurzl Development Mountains. Washington, D.C.: U.S. Department of 
CARD Rep. No. 67, Iowa State University, 1976. Agriculture Agr. Handbook No. 282, 1965. 


Toward a U.S. Agricultural Export 
Policy for the 1980s: Discussion 


Eric Monke 


Sarzis and Schmitz suggest that increases in 
exports are not likely to benefit U.S. agricul- 
ture, and that "production may have to be 
curtailed—at least in the short run—for opti- 
mal pricing to be achieved . . . ."' Their argv- 
ment has three principal components. First, 
agricultural growth is likely to depend heavily 
on research and development, and further ex- 
penditures in this area are asserted to have & 
deleterious impact on producer incomes. Sec- 
ond, U.S. agricultural trade is dominated by 
cartels, and increased production leads only to 
increased purcbasing power for importing na- 
tions. Finally, increased participation in world 
markets creates increased price instability, 
and further reduces producer welfare. This 
discussion argues that none of the authors' 
conclusions in these areas are justified, and 
that continued growth in exports is likely to 
offer substantial benefits for the U.S. agricul- 
tural sector. 

Research and development (R&D) expen- 
ditures are asserted to have a deleterious im- 
pact cn producer incomes if such expenditures 
cause the supply curve to shift outward and 
become more elastic in the face of a fixed 
world demand schedule. Even if these 
supply-demand conditions were accurate, the 
conclusion suffers from a myopic view of the 
impac- of R&D expenditure. Technological 
change frees resources to produce goods in 
other sectors of the economy, and can thus be 
regarded as a complement to capital accumu- 
lation :n the process of economic growth. In- 
deed, some authors suggest that R&D is no 
more tian a special form of capital accumula- 
tion (Jorgensen and Griliches). The key point 
is that the induced shifts in the industry supply 
curve give no indication of the changes in re- 
turns to individual factors of production. The 
reason is that technological change implies 
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new input combinations, and declines in total 
industry revenues do not necessarily imply 
declines in the returns to individual factors or 
to the total factors employed in an industry. 
Admittedly, technical change can cause 
difficulties. Unemployment may result if 
aggregate demand is not increasing, and ad- 
justment difficulties occur for resources com- 
mitted to now inefficient technologies. These 
problems are short run rather than chronic in 
nature, however, and do not require an econ- 
omy to restrain R&D and forego the benefits 
of economic growth. 

Market power of importers is a second rea- 
son for U.S. policy makers to avoid expansion 
of U.S. exports. Tariff policies, implemented 
in whest importing countries, for example, 
are asserted to benefit importers because 
" (domestic) producer gains plus the tariff rev- 
enue more than offset the consumption los- 
ses” of a tariff. Such evidence cannot justify 
the above conclusion. Tariff revenues are in- 
iracountry transfers from consumers to the 
government, and welfare increases from such 
transfers are dependent on empirically un- 
definable social welfare functions. The gains 
of domestic wheat producers are not gains at 
all when viewed in a general equilibrium con- 
text, as wheat tariffs attract resources which 
were more profitable when world prices pre- 
vailed for all commodities. When a country 
cannot influence world terms of trade, produc- 
tion income is maximized at world prices and 
can only decrease when resources are diverted 
into different production activities via tariffs. 

Increases in importing country welfare thus 
depend on the ability to influence the terms of 
trade with the U.S. and other exporters. Since 
each importing country buys only a small 
share of world imports, establishment of the 
optimum tariff (the reciprocal of the price elas- 
ticity of export supply) requires a cartel in 
wich individual country objectives are subju- 
gated to group cooperation. Grains would ap- 
pear as one of the least attractive commodities 
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for such an arrangement. The importance of 
imports in domestic food policies of many de- 
veloping countries and the diverse set of coun- 
tries involved in grain importation renders im- 
plausible the prospect of collusive action. Fur- 
thermore, it has not yet been shown that world 
prices of any principal export products are 
lower under current conditions then under free 
trade. In the case of rice, for example, the 
prevalence of government policies which tax 
domestic production and subsidize domestic 
consumption suggest an excessive reliance on 
world markets, and world prices which are 
higher than their free-trade levels (Falcon and 
Monke). 

A third concern of Sarris and Schmitz is that 
increased exports will lead to price instability. 
In lieu of empirical evidence, a supply-demand 
model is developed and parameter values are 
hypothesized to support their conclusion. The 
first hypothesis is that the price elasticity of 
developing country demand is almost equal to 
that of U.S. domestic demand (y/B = 1). At 
the consumer level, this hypothesis is totally 
implausible because of the difference in in- 
come levels and the importance of processing 
costs in U.S. food grain consumption. Even if 
government intervention on behalf of develop- 
ing country consumers reduced foreign demand 
elasticities, such values could still be much 
larger than U.S. consumer demand elas- 
ticities. The second hypothesis is that world 
export demand fluctuates more than domestic 
supply, so that o,/o',, < 1. But, given the role 
of weather in output variation, ihe reverse re- 
sult seems more plausible. Bezause weather 
varies among geographic regions at any given 
time, variability should decrease as geograph- 
ical area expands (o,,/o,, > 1). Table 3 of the 
Sarris-Schmitz paper shows that for larger 
values of y/B or co/o,,, price stability is in- 
creased by a reliance on world markets. 

Even if increases in the relative importance 
of exports did lead to increased price instabil- 
ity, it does not follow that U.S. producer wel- 
fare is diminished. Empirical evidence (Falcon 
and Monke, Peck and Gray) suggests grain 
exporters may gain from price instability, 
since the export demand curve appears inelas- 
tic with respect to price increases and elastic 
with respect to price decreases. Government 
intervention on behalf of domestic consumers 
in developing countries and quota or variable 
levy policies in many developed countries 
create conditions whereby consumer demand 
i$ insensitive to world price changes. Elastic 
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response to price declines may be caused 
partly by the emergence of additional end 
uses, such as animal feeds. Probably more 
important, however, is the behavior of com- 
modity inventories. Peck and Gray's analysis 
of the demand for U.S. wheat inventories sug- 
gests a demand for grain which becomes al- 
most infinitely elastic once the margin be- 
tween current and futures prices reaches a 
certain magnitude. Part of the reason for the 
willingness of the market to encourage stock 
accumulation may be that yields are nega- 
tively skewed rather than normally distributed 
about their mean level. This phenomenon im- 
plies that production shortfalls and high price 
regimes are more probable than production 
surpluses and low prices. 

Finally, Sarris and Schmitz suggest that the 
growth in world deraand for grains is likely to 
slow or stop altogether, due to limited pur- 
chasing power in developing countries and the 
“rising agricultural protectionism in the major 
developed importing countries." If world de- 
mand is truly fixed, efforts to expand U.S. 
exports will clearly diminish world prices. 
There are a number of reasons to doubt such a 
stagnation in export demand and prices. First, 
even if per capita developing country incomes 
do not change, aggregate national income will 
increase because of population growth. Fur- 
thermore, positive rates of per capita income 
growth appear likely in at least some develop- 
ing countries, such as OPEC and China. This 
small group comprises one-third of the popula- 
tion of the developing world. Potential de- 
mand increases also appear likely in the USSR 
and the Eastern Bloc countries, where ration 
programs have constrained meat consumption 
at levels well beiow those which prevail in 
other countries with similar incomes. The 
FAO projections cited by Sarris and Schmitz 
suggest a major decline in import demand from 
these regions over the 1975—85 period. On 
the basis of current trends, these projections 
appear erroneous. Finally, the author's evi- 
dence for increased agricultural protectionism 
among the developed countries consists solely 
of observed increases in ad valorem tariff 
equivalents in the EEC. These increases, 
however, are the result of falling world prices 
rather than changes in EEC prices and thus 
do not imply a negative impact on U.S. export 
demand. In sum, the potential sources of in- 
creased demand appear numerous enough to 
warrant at least a dose of the ‘‘unfettered op- 
timism'' so disdained by Sarris and Schmitz. 
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Interrelationship among Export Markets, 
Resource Conservation, and Agricultural 
Productivity: Discussion 


Herbert H. Stoevener 


The main body of the paper by Heady and 
Short consists of a brief description of the 
models and their application to deriving 
trade-offs between agricultural output (export 
levels) and soil losses. These models are based 
on the ones developed at Iowa State Univer- 
sity over many years. It is impossible for the 
authors to describe these models in detail for 
us during this discussion. The basic model 
used in this application consists of 105 produc- 
ing regions and contains at least 5 land classes 
in each region. Soil loss coefficients are spec- 
ified for each crop or crop rotation, each con- 
servation practice and tillage method, for each 
land class in each region, apparently taking 
varying climatic conditions into account as 
well. From such a model a large number of 
variables can be analyzed with a good deal of 
specificity depending on the chosen objective 
function and constraints set. 

Four different export levels are assumed for 
the year 2000, with no provision for gasohol 
production in domestic demand. I could not 
follow the description of these demand 
scenarios from the copy of the manuscript 
available to me. Apparently these projections 
fall on both sides of another recent indepen- 
dently derived projection of export demands. 

I found the reported results interesting and 
instructive. They are not always what I would 
have expected. With increased export de- 
mands, the application of conservation prac- 
tices is predicted to increase sharply, even on 
land which is already in production. This is 
inconsistent with the expectation of many that 
farmers are led ‘‘to farm the land like hell." 

In spite of the widespread adoption of con- 
servation practices, tolerance levels for gross 
soil loss are exceeded in a large portion of the 
producing regions even at low export levels. 
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And, while gross soil loss increases with ex- 
ports, though not dramatically, at the national 
level, the ‘‘number of acres in absolute terms 
exceeding the tolerance levels is not great in 
any solution and decreases with increased ex- 
ports nationally and in all regions except” four 
(p. 12). 

Anyone thinking about these results for a 
moment can easily develop a rationale why 
they may have been obtained. It is about this 
aspect of the paper that I would have liked to 
have seen a bit more detail. The authors will 
know from the experimentation with their 
models to what relationships these important 
results were most sensitive. A discussion of 
the results in the light of this information 
would have been very useful, especially from 
a policy standpoint. More information is nec- 
essary to understand the projected increase in 
conservation practices. What is it that triggers 
a change from the current status? It is the 
strength of these very specific models to be 
capable of providing these kinds of insights. 

Similarly, there appears to be a great differ- 
ence in resulting levels of soil erosion by re- 
gions as exports increase. Again, it would be 
instructive to know what accounts for these. 
Is it the physical characteristics outside the 
flattest part of the Corn Belt which do not 
tolerate any significant increase in crop pro- 
duction without major soil losses? Or is it the 
nature of export demands with higher export 
product prices caused by transportation cost 
differentials which exacerbate farming system 
changes in hilly regions closer to major sea- 
ports? 

The Iowa State-developed models are part 
of the major inputs which the agricultural eco- 
nomics profession is making to the public de- 
bate on conservation policy. The models are 
sufficiently complex that it is difficult for any 
outsider to undertake their empirical evalua- 
tion. Perhaps this suggests that when presen- 
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tations like this one are made to professional 
audiences, somewhat greater emphasis should 
be given to the analytical procedures when 
discussing the results obtained. 

There is, of course, a limit on how much 
macerial can be presented in a conference 
parer of this type. But given my preferences, 
much of what was presented in the introduc- 
tion (first six pages) could have been deleted. 
Many of the issues raised are common knowl- 
edge. The authors mentioned the implications 
for future farmer welfare of having a long 
strirg of growing future incomes already 
capitalized into land values. They mention 
inflationary expectations. For purposes of ex- 
port and conservation policy it would be im- 
portant to know which components of the re- 
turns to land ownership are due to agricultural 
use and which stem from inflation. However, 
this is a thorny issue. It is being addressed in a 
forthcoming paper by Castle and Hoch. 

As far as conservation policy is concerned, 
Heady and Short appear to opt for a system of 
subsidies or taxes related to specific conserva- 
tion practices, perhaps combined with an ex- 
port *"check-off'" system to fund a subsidy 
scheme. Many of us, having studied this sub- 
ject much less than the authors, would also 
find this proposal attractive. Again, it would 
have been nice if the authors had related this 
and the remaining policy discussion more 
closely to the analytical work. As I read the 
paper “or the third time, I was struck by the 
lack of strong connections between the policy 
issues raised in the introductory pages, the 
final policy section, and the empirical analysis. 
The lat-er appears to be a much richer source 
for drawing out policy implications than was 
utilized in this paper. 

I would like to make one final point about 
the general discussion of agricultural export 
policy which was touched upon in the paper 
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by Sarris and Schmitz. Many of us in the ag- 
ricultural community point with pride to the 
accomplishments of this sector in allowing for 
the large increase in exports that we have wit- 
nessed. One should recognize, however, that 
this is not a unique phenomenon in the na- 
tional and international economy. While U.S. 
agricultural exports have risen rapidly (from 
11.4% of farm cash receipts in the 1950s to 
29.1% in 1980), their proportion of all U.S. 
exports has remained relatively constant dur- 
ing the post-war period and is considerably 
less than it was during the 1930s (CEA, p. 
117). Exports as a percentage of gross national 
product (GNP) fell generally into the 496—696 
range. This changed during the early 1970s. In 
1979 exports comprised nearly 1196 of GNP 
(CEA, p. 203). Furthermore, on a global scale 
growth rates in agricultural trade have out- 
paced growth rates in agricultural productivity 
roughly by a factor of two between 1950 and 
1980 (USDA, p. 4). When raising policy issues 
about U.S. agricultural exports, it is important 
10 keep in mind that the subject of our concern 
is only one aspect of a growing internation- 
alization of our production and consumption 
systems. 


References 


Castle, Emery N., and Irving Hoch. “Ап Explanation of 
Farm Real Estate Prices, 1920 to 1978. Unpublished 
paper. Washington, D.C.: Resources for the Future, 
1980. 

Council of Economic Advisors (CEA). ‘Annual Report.” 
Economic Repor: of the President. Washington, 
D.C., Jan. 1981. 

U.S. Department of Agriculture. Agricultural Food Pol- 
icy Review: Perspectives for the 1980s. Washington, 
D.C., Apr. 1981. 





Changing Delivery Systems for Agricultural Extension 
(John E. Ikerd, Oklahoma State University, Presiding) 


Extension Program Delivery—Past, 


Present, and Future: 


An Overview 


R. J. Hildreth and Walter J. Armbruster 


The 1914 Smith-Lever Act, which launched 
extension education, has been amended fre- 
quently and was rewritten in 1953. However, 
its statement of basic purpose has remained 
the same: ‘‘to aid the diffusion among the 
people of the United States useful and practi- 
cal information on the subjects relating to ag- 
ricultural and home economics and to encour- 
age the application of the same." An underly- 
ing though unstated purpose of this diffusion 
of information was to help bring about changes 
in behavior and in the economic and social 
environment designed to promote well-being. 
In other words, the extensicn purpose is to 
foster change in society—i.e.. change by indi- 
viduals, households, firms, aad governments. 


Development of Extension Delivery Methods 


The land grant university and the extension 
service were distinctive American inventions 
(Chin and Benne). Extension was launched to 
deliver new applied knowledge to farm and 
rural people in the United States and to trans- 
mit their interests to the lard grant university 
research community. That linkage continues 
to be the role of extension education, though 
significant changes in the audiences and envi- 
ronment in which extension operates con- 
tinue. 

The extension delivery methods adopted 
following the passage of the Smith-Lever Act 
relied on an approach whereby the learner ob- 
serves a demonstration or rries out an activity. 
According to Baker, the demonstration form 
of education was developed by Dr. Seaman A. 
Knapp of the U.S. Department of Agriculture 
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(USDA) Bureau of Plant Industry, who estab- 
lished the first farm demonstration at Terrell, 
Texas, in 1903. Knapp believed that though 
farmers would not apply methods successfully 
used in research, they would readily follow 
successful operations of a neighboring farm. 
Other demonstration programs were devel- 
oped in Texas, Louisiana, and Arkansas in the 
early 1900s. The first county agent position 
was established in Smith Co., Texas, in 1906. 
Simultaneously, the northern states instituted 
county demonstration work based on farm 
management surveys to discover the practices 
of successful farmers. While Knapp distrusted 
college professors, the northern states’ county 
demonstration agents were mostly college 
trained and worked in close cooperation with 


the state colleges and farm organizations. 


Thus, while different philosophies about ex- 
tension program delivery methods existed 
even before the passage of the Smith-Lever 
Act, the demonstration approach was widely 
adopted. It did not have a systematic teaching 
focus, but rather one of learning by the farmer 
observing a situation similar to his own. 


Extension Delivery Today 


In its early history, cooperative extension’s 
role appeared straightforward and limited. Ex- 
tension was the organization best equipped to 
attack informal educational problems of pro- 
duction agriculture and rural living. There was 
a close interrelationship of.farmers and rural 
residents with extension. 


Changing Extension Role in Traditional Areas 


Since the introduction of extension, there 
have been dramatic changes in agricultural 
production, agricultural marketing, and the 
rural communities which extension serves. 
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Concurrent with increasing productivity, 
structural changes throughout the farm pro- 
duction, food processing, and marketing sys- 
tem have changed the role of extension in 
farmers’ production and marketing decisions. 

Production supply firms and agricultural 
cooperatives provide field men who help 
farmers with technical information that in ear- 
lier days had come primarily or exclusively 
through extension agents from land grant uni- 
versity research findings. An increasing num- 
ber cf agricultural consultants provide similar 
services. The input supply companies have 
done additional research, often drawing upon 
the basic research done at the university. They 
develop new products and are in the forefront 
of knowledge about actual farm application. 
While this has not completely eliminated the 
role of county agents, it has certainly supple- 
mented and partially replaced them. 

As the agricultural marketing system 
evolved over time, most central wholesale 
markets which received products shipped 
from long distances have been replaced. Now 
chain store buyers and food-processing firms 
have buying representatives dealing directly 
with farmers, feedlots, etc., or buying through 
local country auctions. An increasing contact 
between representatives of the purchasing en- 
tity and the producers is the result. Thus, the 
role of extension marketing has shifted more 
to helping farmers develop overall marketing 
strategies and providing educational programs 
related to marketing institutions and policy. 
That activity has become much more impor- 
tant in recent years with changes in govern- 
ment programs and the opening up of world 
trade in major commcdities, with consequent 
fluctuation in prices. 


New Subiect Matter and Clientele 


Hildreth has pointed out some of the changes 
faced by extension in recent years. Extension 
is no longer confined to agriculture and rural 
life. Expertise to deal effectively with the 
problems incurred in the new areas is not al- 
ways available on the campuses of land grant 
universities and demands a multicollege ap- 
proach and cooperation with off-campus re- 
sources. Extension is not the sole provider of 
educationai programs in the new fields, and in 
some, may be a relatively minor participant, 
e.g., urban youth and community resource 
developmert activities. 

Serving the new areas and audiences has 
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created stresses on extension. First, suf- 
ficiently increased resources have often not 
accompanied the new demands. Shifting re- 
sources гот established programs has been 
painful to many of extension's traditional 
clients мло jealously guard “their” programs. 
Second, ihe diversity of the clients for tradi- 
tional programs has increased a great deal. 
Hobby farmers, part-time farmers, small 
farmers, subsistence farmers, and commercial 
farmers may all need farm management 
programs—but of varying characteristics. 
Third, delivery mechanisms such as meetings 
and publications are less useful for the new 
audiences which include persons with low 
2ducation and income levels, just as they were 
not useful when most farmers had low educa- 
tion and income. And competing time de- 
mands, more glamorous delivery mechanisms, 
end audienze heterogeneity make them less 
effective. Fourth, topics for educational pro- 
grams that "vere once innocuous may now be 
quite controversial. For example, the use of 
irsecticides as a means of increasing produc- 
tivity may be questioned by organic gardeners 
and farmers or a policy to increase farm in- 
ccme may be questioned by consumer groups. 


Changing Delivery Methods 


While the major principles of extension 
programming—involving students in program 
derelopment, presenting education in an in- 
formal setting, and focusing on practical 
infcrmation—-emain the same, some new de- 
livery techniqies have developed. 

For example, a variety of communications 
dev ces are being used. Telephone messages 
accessed by toll-free telephone lines provide 
cost-effective delivery for relatively simple 
practices. And there is growing use of com- 
puters, video tapes, and electronic networks, 
some interactive. 

Same very productive delivery methods 
have evolved using salaried aides and volun- 
teer agents. Salaried aides from the local 
community have been successfully used to de- 
liver nutrition education to low income fami- 
lies aad small farm programs. The idea of vol- 
untee- leaders developed in 4-H programs has 
been applied in asing master gardeners to de- 
liver iaformation about gardening, primarily to 
urban audiences. These lower paid personnel, 
locally based to reduce travel costs, greatly 
expand extensior's delivery capability for the 
same budget. 
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The identification and education of commu- 
nity leaders is used widely in community re- 
source development extension programs. The 
pilot leadership development programs sup- 
ported by the Kellogg Foundatior have dem- 
onstrated their worth and are spreading among 


the states. Extension Homemakers organized’ 


at national, state, and county levels provide 
leadership development. A Kellogg funded 
program is currently developing public policy 
education program delivery capatility through 
Extension Homemakers in the western states. 
The 4-H and Homemakers organizations, 
sponsored by the Cooperative Extension Ser- 
vice, develop leadership through volunteer 
educational and service projects benefiting the 
members and community. These volunteer 
programs expand extension's delivery capabil- 
ity without the direct cost of funding salaries 
for program delivery. 

Another set of organizations which enhance 
program delivery capability are farm manage- 
ment associations employing paid field staff to 
deliver farm management programs. 


Effectiveness of Extension 


Given the changes and pressures, it is appro- 
priate to look at what evidence exists about 
the value of extension in meeting the needs of 
today's society. If value can be measured in 
terms of the effect of extension on agricultural 
productivity, there are several recent eco- 
nomic studies that may shed some light. Gen- 
erally these studies combine research and ex- 
tension, and have found that the USDA and 
land grant university research and extension 
efforts have made a major contribution to the 
rate of technical change in agriculture. 

Most studies place the internal rate of return 
in the United States between 25% and 50% to 
investments in research anc education (Sim 
and Gardner). Araji estimated the internal 
rates of return for research :nvestment in the 
western region related to selected commod- 
ities. His analysis identified over 50% of the 
results as being associated with input from 
extension. Peterson and Hayami suggest that 
the public investments in research and exten- 
sion are responsible for as much growth in 
American agriculture as ace changes in the 
quality of inputs and ecoromies of scale in 
farm production. The 198C evaluation of ex- 
tension cites Evenson's statement that the 
public sector of agricultural research and ex- 
tension and the level of ecucation of farmers 
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together may account for nearly 5096 of ag- 
ricultural productivitv increase between 1948 
and 1979 (USDA). Huffman recently esti- 
mated productivity differences on black and 
white operator farms in four southern states 
from 1964 data, when two separate extension 
services existed. He concluded that much of 
the lower productivity for black farmers was 
explained by the lower level of schooling and 
extension education available to them com- 
pared to white farmers. 

So, if the methodological approaches of the 
studies cited are accepted, a minimum conclu- 
sion is that there is a positive, relatively high 
rate of return to society's investment in re- 
search and extension dealing with agricultural 
production and marketing. The studies cited 
above suggest that extension education is a 
good investment, but they do not give much 
insight into the possibilities for improving the 
value of extension through changes in program 
delivery. 


Extension Delivery Tomorrow 


What needs to be taken into account in think- 
ing about assuring meaningful extension deliv- 
ery for the future? And what changes are 
needed to keep extension delivery viable, 
efficient, and progressive? These are difficult 
but important questions which are only intro- 
duced in the following sections. 


Implicetions of the Changing Farm Typology 


The best known characteristics of the farm 
sector are that the average farm size has in- 
creased and the total number of farms has 
declined. An ESCS study projects that by the 
year 2000 farms probably will be arranged in a 
bimodal distribution with a large proportion of 
small farms, ever increasing proportion of 
large farms, and a declining proportion of me- 
dium size farms (Lin, Koffman and Penn). 
The implications for extension programs of 
this bimodal distribution are very significant. 
The traditional audience for extension pro- 
gramming comes from the middle size farmers 
who are not so large that they use direct ac- 
cess to researchers to obtain information. Ex- 
tension has had a difficult time directly reach- 
ing the small and part-time farmers, the most 
numerous category. 

The phenomenon of the large or knowledge- 
able farmers obtaining information directly 
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from experiment stations and other scientific 
sources rather than from county extension 
agents is descrioed by Havelock and Benne as 
“ty-pass.” Extension must either better pre- 
paze itself to deal on a timely and informative 
basis with the large or knowledgeable produc- 
ers or recognize that theirs is a minor role with 
that segment of agricultural producers and 
corcentrate on the remaining segments of the 
producers. 

The latter option is embraced by the recent 
ESCOP report which proposed as a strategy 
for public research and extension: Scale neu- 
tral research and extension should be em- 
phasized; special measures should be devel- 
oped to help the moderate size farm through 
programs dealing with financial, marketing. 
and production management; and an overall 
package of assistance, especially in dealing 
with problems of poverty and underemploy- 
ment, should be provided to assist those asso- 
ciated with small farms. 


Improving Extension Delivery Efficiency 


Adjustments will be necessary to maintain a 
clientele among farmers. But other changes 
also are called for if extension is to weather 
the increasing demands for accountability. 
Boone, Dolan, and Shearon argue that funding 
for educational programs is positively related 
to demonstrated efficiency and effectiveness. 
Rather than follow the same objectives and 
methods year after year, extension must build 
in system renewal processes to remain a viable 
educational force. 

Extension is facing increasing demands for 
improved efficiency of program delivery from 
both the input and output sides of the exten- 
sion production function. Increasing amounts 
of knowledge to be extended, transportation 
costs and personnel costs are forces from the 
input side. The growing complexity of deci- 
sion making in agriculture, the growing 
specialization of agriculture, and policy devel- 
opment are forces from the output side. 

Siegfried and Fels, reviewing research in 
teaching college economics, report that pro- 
grammed instruction can accomplish econom- 
ies learning in a shorter length of time, and 
self-pacing of learning has a significant con- 
tribution to make to economics education. 
While the results above are for the classroom, 
programmed instruction and self-pacing of 
learning may work better for extension pro- 
grams with more highly motivated participants 
than for classroom students. 


Amer. J. Agr. Econ. 


This brief analysis leads to consideration of 
certain alternatives for the improvement of ex- 
tension programming efficiency. The selection 
of audiences with higher human capital for a 
given extension program could lead to 
efficiency gains. This could be accomplished 
by better targeting programs to specific clien- 
tele groups that would consist of individuals 
with a better knowledge background at the 
start. The use of extension teachers with 
higher human capital could also lead to 
efficiency gains. This can be achieved through 
increased training of field staff or the use of 
more specialists, a point to be discussed later. 
There are a number of opportunities to im- 
prove utilization rates of both faculty and 
clients. These run a gambit including group 
meetings as opposed to individual consulta- 
tions, use of mass media, and electronic 
transmission of information. 


Increasing Extension Specialization 


The changing clientele for extension and the 
increasingly technical knowledge to be deliv- 
ered to them may call for more specialization. 
But the likelihood of significant expansion of 
state specialist ranks is slim. However, there 
are other ways of developing specialists that 
may be cost efficient for the extension system. 

The development of national or regional 
specialists offers some potential. The rural 
crime center at Ohio State is essentially serv- 
ing the role of a U.S. specialist. Several pro- 
posals have been brought forward in the past 
couple of years for development of a regional 
or national specialist in transportation eco- 
nomics. The Western Livestock Marketing 
Project performs a specialist function for the 
entire western United States, with some 
spillover into other regions. 

The many issues and concerns which cross 
state and even regional boundaries argue for 
additional regional or national specialists. De- 
veloping programs using regional specialists 
would enhance the work in computer applica- 
tions to farm management and marketing and 
using computer networks as transmitters of 
timely information. The recent work in elec- 
tronic marketing has the potential to go well 
beyond state boundaries in some cases. Joint 
funcing of such regional or national specialists 
would be a much more efficient delivery 
method than having personnel who are not 
familiar with the topic attempting to deliver 
educational programs related to it. 

Arother way of achieving cost efficient 











Hildreth and Armbruster 


specialization might be to have local or area 
agents who have particular interest and exper- 
tise act as a state or even regional specialist. 
This may become more feasible as more highly 
trained individuals are available in county and 
area slots. 


Electronic Program Delivery 


The use of computers and electronic networks 
is growing in farm management and marketing 
programs. The technology has also been 
applied in CRD and public policy programs 
and its use will likely grow in these programs. 

To realize the full potential of computers 
and electronic networks hardware, software 
must be developed and local agents trained. 
Cooperation among states in developing 
software is growing, but more is needed. 
Local agents can increase their output and 
educational capabilities by using this technol- 
ogy. Thus, training and involvement of agents 
by specialists will be productive as the use of 
the technology grows. 

The technology creates ability to transmit 
large amounts of information and provide the 
opportunity for individual decision analysis, 
both exciting prospects. However, there is 
danger that both the client and extension 
worker will overlook the use of the technology 
to provide learning situations. Extension 
cannot, nor should it seek to, maintain a 
monopoly on electronic delivery. of informa- 
tion and individual decision analysis services. 
Extension must provide educational oppor- 
tunities utilizing electronic delivery to allow 
its clientele to better utilize the information 
and analysis capacity of computers and elec- 
tronic networks. 


Implications for Extension Economists 


The above discussion leads to some specula- 
tion about the implications for agricultural 
economists conducting extension education 
programs in coming years. Decisions and 
events off the farm may be more important 
than decisions and events on the farm in terms 
of their impact on the well-being of farmers 
and consumers. Public policy and community 
resource development are not only important 
for main street businesses, consumers, and 

| armers (Wise). 
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ment and delivery fer the wide range of stu- 
dents who want and need their educational 
services? 

Agricultural economists have a role to play 
not only in the production and marketing of 
food and agricultural products but also in ac- 
tivities related to concerns about food and ag- 
ricultural policy, community development, 
rural government finance, conservation, envi- 
ronmental and water policy, transportation, 
etc. It will be important for extension pro- 
grams developed by agricultural economists to 
focus ahead to anticipate expected changes in 
the composition and structure of the agricul- 
tural production sector, the agricultural mar- 
keting sector, consumer interests, and con- 


. cerns of rural communities, community lead- 


ers, and other institutions dealing with food, 
agricultural, and rural communities. | 

Extension is a link between research and the 
users of knowledge. Traffic flows both ways 
over the linkage. The extension professional 
thus needs to be able to adapt the new knowl- 
edge developed by research to the educational 
needs of the user, as well as communicate the 
needs of the user for new knowledge to the 
researcher. The scholarship requirements to 
achieve these tasks are large. The extension 
professional often needs to be able to touch 
the abstract and the concrete in the same flight 
of thought. In many ways, more scholarship is 
required here than is required to develop new 
knowledge. The economist working in exten- 
sion cannot be divorced from new develop- 
ments in economics any more than from new 
developments in farming, marketing, or public 
policy. The extension professional must take 
an active role in the AAEA, just as he must 
maintain his contacts with the managers of the 
firms or organizations who constitute his stu- 
dents. 

The challenges presented to extension by 
changing clientele, program needs, and deliv- 
ery innovations must be dealt with in a mode of 
increasing efficiency. Creativity and imagina- 
tion are needed to be an economist filling the 
role of an agent of change through extension 
education where the needs will continue grow- 
ing faster than funds. 
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delivery system. With the backup of state 
specialists, the county agent can meet the 
educational needs of the small- and medium- 
size farmers. Demonstrations, short courses, 
tours, and publications remain as effective 
means for delivering information to these au- 
diences. 

If resources were more abundant, area 
specialists would be the preferred means of 
delivering educational programs to commer- 
cial farmers. But the harsh reality is that ex- 
tension will have to operate with less. Fre- 
quently, the county agent will have to be the 
primary local contact for commercial farmers. 

The new developments in electronic com- 
munication, individualized learning, data stor- 
age, retrieval, and analysis offer the potential 
of greatly increasing the capacity of the 
county agent to assist the commercial farmer 
with more complex and sophisticated prob- 
lems. 

The burden of the responsibility for orient- 
ing the new county agent and keeping all 
agents competent in subject matter will con- 
tinue to rest on the state extension specialists. 
Departments in the college of agriculture will 
be challenged to find the resources and exper- 
tise to keep abreast of the fast moving devel- 
opments in the technology and structure of 
agriculture, 

Opportunities for innovative program de- 
velopment between extension and other 
groups need to be explored vigorously. Com- 
merciel farmers can and will pay for educa- 
tional service activities. Some examples are 
the farm business management services, com- 
puter-essisted decision programs, marketing 
price data, and outlook information. 

Extension is not the only source of agricul- 
tural information available to farmers and in 
some areas it is not the most important. Ex- 
tension must reassess its real strengths and 
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make adjustments to assure a high quality pro- 
gram. This could mean dropping some pro- 
grams completely, teaming up with private 
business to find sufficient resources to impact 
on a problem, and cooperate with other agen- 
cies to assure maximum return from the in- 
vestment of public funds. 

The unique educational concept of exten- 
sion is as valid today as it was in Seaman 
Knapp's day. Program development must 
begin with local people. Research is the key to 
solving problems and extension's educational 
programs bring about change—change in the 
capacity of people, change in quantity and 
quality of information, change in the speed 
and efficiency of knowledge transfer. 

The extension teacher is crucial in this edu- 
cational process. The individual must grow in 
technical competence while holding on to the 
mastery of program development and com- 
munication. In an age of rapid change and 
greater specialization, it is urgent that exten- 
sion maintain a great degree of flexibility so 
programs can be adjusted to the changing 
needs of farmers and the rural communities. 
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The Computer—Extension’s Delivery 


System of the Future 


H. G. Diesslin 


You can hardly pick up a farm magazine to- 
day without seeing stories on ‘‘Computers— 
Newest Farm Implements,” or some such ti- 
tle. Major TV advertisements during the Super 
Bowl heralded the arrival of computers for the 
family farm. Salesmen are stumbling over 
each other with hardware to sell; when discus- 
sions about the accompanying so-tware neces- 
sary to make the hardware useful are opened, 
the salesmen quickly change the subject. 

Yet, looking ahead over the next decade or 
two, the arrival of the computer on the farm, 
with the vital software necesszry, will be a 
significant—perhaps the most significant— 
technological innovation on the family farm 
during that period of time. The magnitude of 
its potential is difficult to behold and certainly 
defies description at this point in time. The 
major question remaining at the moment is: 
"When will the knowledge base of Ameri- 
can agriculture—the land-grant universities 
and the U.S. Department of Agriculture 
(USDA)—turn their collective talents to build- 
ing viable software to allow the computer to 
function on the American family farm?’ 

Robert C. Kramer, program director, W. K. 
Kellogg Foundation, makes the following pre- 
dictions for 1990: 


Three-fourths of all the mid-size farmers in the 
United States in 1990 will utilize computers or pro- 
grammable calculators in helping make management 
decisions on their farms. . .. 

Many of the farming operations will be comput- 
erized and by electronic controls the operations will 
be automated. ... > 

There will be intelligent terminals in 90 percent of 
the county extension offices in the United States... . 
Virtually all of the departments of the Colleges of 
Agriculture and Home Economics will have terminals 
and/or small computers. . . . U.S. agriculture proba- 
bly has the honor of being the top industry in the 
United States where the end-users (farmers) know 
more about computer programs... . By 1990, the gap 
will widen. ... 


H. G. Diesslin is Director, Cooperative Extension Service, Purdue 
University. 





Computer marketing or electronic marketing will 
be commonplace in 1990... . 

Regional development and sharing of software, re- 
gional sharing of specialists and regional computer 
networking will be commonplace in 1990... . 

For extension personnel who pioneered in the ag- 
ricultural computer field during the past two decades, 
there were frustrations and disappointments. It will 
take hard work and patience, but U.S. farmers and 
their families will benefit from computer programs 
developed by the land-grant system. 


Extension's Delivery Systems 


The demonstration technique innovated by 
Seaman Knapp ultimately catapulted into an 
institution called the extension service. This 
technique is still central to the institution, al- 
though it continually undergoes modification 
with changing times and technology. 

Other delivery systems—though secondary 
to the demonstration—are significant vehicles 
in the educational mission of the extension 
service. Among them, the following warrant 
separate comment: 

(a) The extension bulletin (call it what you 
want). It was free; in the early decades of the 
century, it constituted the rural library of 
America. No longer free in many states, and 
no longer a monopoly as an information 
Source, it remains an important delivery sys- 
tem for extension education. 

(b) Penalty mail, often referred to as ‘‘free 
mail." Through the decades this has been an 
important partner to the free publication. 
Since the early 1970s it has not been free; it 
costs the same as regular mail. The only thing 
uniquely representing its importance in our 
history is the symbol, the penalty mail eagle 
on the envelope. As we discuss this topic to- 
day, ECOP is considering allowing states to 
discard the symbol and move to stamps in the 
near future. 

(c) The meeting" throughout the year, but 
particularly throughout the winter months, is 
and remains central to the extension educa- 
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tional program. Though the meeting technique 
ebbs and flows with the state of the econ- 
omy—high energy prices are momentarily of 
concern—it, like the demonstration, is central 
to the educational delivery system of coopera- 
tive extension. 

The decade of the 1980s gives the coopera- 
tive extension services an opportunity to es- 
tablish a new, significant delivery system, the 
computer. We dare not ''pass"; further, we 
have an opportunity to reestablish our leader- 
ship in the mainstream of American agricul- 
ture. Thus, I have elected to concentrate my 
remarks on the indiana extension experiment 
with the computer over the past five years. 


The Story of FACTS 


The background of FACTS, Fast Agricultural 
Communications Terminal System, begins 
when the Purdue University School of Ag- 
riculture, including the cooperative extension 
serv.ce, initiated its original adaptation to 
computers in the 1950s and 1960s. This in- 
volved the use of teletypes, ‘‘dumb termi- 
nals,” in scattered counties and area offices in 
the cooperative extension service around the 
state. Interaction was possible through long 
distance calls to the Control Data Computer 
(6500) which served the entire university. This 
involved a long leerning process, basically on 
the part of our farm management staff in the 
field. Other agents essentially did not know 
the computer existed and had no hands-on 
experience with it. There were problems at the 
computing center at the university; in many 
instances there were long waits with open 
long-distance lines and, obviously, consider- 
able costs involved before programs were run. 
Further, this system was not capable of out- 
of-state use, like AGNET in Nebraska or 
TELPLAN at Michigan State University, 
because of the wey the system was pro- 
grammed. From the standpoint of extension, 
there were only two major departments in the 
school of agriculture that made much use of 
it—Agricultural Economies and Animal Sci- 
ences. Our faculty in the Agricultural Eco- 
nomics Department developed complex crop 
and financial models that could be run and 
interpreted by our specialists. The ‘Тор Farm- 
er" program was widely acclaimed through- 
out the Midwest. Animal Sciences used the 
system for least-cost ration formulation, judg- 
ing resu'ts, carcass evaluation programs, and 
the like. 
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This system involved the scientist with 
ideas, a programmer to implement his ideas 
within the capability of the machine, and few 
other constraints. There was little compatibil- 
ity from program to program and little trans- 
ferability from scientist to scientist or agent 
without intensive training. 

In the late 1960s and early 1970s, the Purdue 
agricultural complex moved into a new phase 
of computer technology. This was the adapta- 
tion cf the ‘‘intelligent terminal’’ to agricul- 
tural research. Through a grant from the Na- 
tional Science Foundation, we established 
PROJECT MIRACLE (Multidisciplinary In- 
tegrated Research Activities in Complex Lab- 
oratory Environments) to serve the Indiana 
Agricultural Experiment Station research and 
service laboratories throughout the Purdue ag- 
ricultural complex. This system at the present 
time encompasses 20 laboratories, 50 termi- 
nals, and more than 260 researchers. The re- 
search performed with MIRACLE support led 
to the development of information which has 
been incorporated with extension service 
teaching materials. It makes possible certain 
FACTS activities, for example, the collection 
of data from the National Weather Service 
which is now sent out daily to the FACTS 
terminals throughout the state. More impor- 
tant, PROJECT MIRACLE developed and 
provided a wealth of experience to personnel 
who would later become involved with the 
FACTS project. 

This project, which originated in the Animal 
Sciences Department, was quickly adapted by 
physical science departments (their first ex- 
perience in many instances with the use 
cf computers). This system involved new 
instrumentation—the minicomputer at the 
source of the research—in the greenhouse, in 
the weather station, at the lab. In addition, it 
involved an intermediate intelligent terminal 
for data storage and processing along with an 
automatic linkup with the university computer 
center. Once the program was written and ver- 
ified, this removed much of the human error in 
complex program solving. It allowed what I 
call ‘‘machine to machine" research to begin 
to develop. Further, it led to complex interdis- 
ciplinary research undertakings with impor- 
tant extension applications which have now 
followed. 

MIRACLE gave us experience with intelli- 
gent, low-cost computers, and it gave many 
scientists an opportunity to learn the technol- 
ogy of their use. Extension applications be- 
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came apparent. Networking was in its infancy 
throughout the country, but the hardware 
requirements were now becoming available. 
With this background, staff capabilities were 
available at Purdue University to ‘ead such a 
new program. Thus, we were ready to move 
forward with a proposal to the Kellogg Foun- 
dation for the joint venture we now call 
FACTS. Compared to the typical university 
grant venture, I would classify this as ‘‘high 
risk." The Kellogg Foundation was not easily 
convinced that they should be jointly involved 
in such an undertaking. They had pioneered 
computer work in the Cooperative Extension 
Service fifteen years earlier wizh Michigan 
State University in a program that led to 
TELFARM and TELPLAN. The proposal 
was approved after lengthy discussions and an 
intensive site visit that laid out the plans in 
some detail; thus, in August 1976, the FACTS 
program of the Indiana Cooperative Extension 
Service was initiated under the sponsorship of 
the W. K. Kellogg Foundation. 


General Mission 


The objective of the FACTS system is, basi- 
cally, to identify those circumstences in which 
the unique capabilities of the computer en- 
hance or improve the basic function of exten- 
sion. In the initial phase for implementing 
FACTS, the following guidelines were estab- 
lished. 

(a) In information communication, FACTS 
will be used in instances where speed and cur- 
rency are of primary importance in making 
information useful. It is not to be used to re- 
place the printed word, mail, or telephone for 
the general distribution of information. 

(b) In memory applications, FACTS will be 
used for operational management situations in 
which large quantities of repetitive material 
are used, such as mailing lists, program en- 
rollments, and instances where regular, pe- 
riodic, minor updating of technical bulletins is 
necessary. 

(c) In its problem-solving capacity, the po- 
tential use of the FACTS system far out- 
reaches the resources available. In the imme- 
diate future, development pr:orities will con- 
centrate on (i) those instances in which indi- 
vidualized data of the client is helpful to his 
decisionmaking; (ii) those situations in which 
the limited specialty resources either on the 
campus or in the field preclude effective per- 
sonal teaching relations (thus, FACTS can be 
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a true extender of scarce resources to great 
numbers of clientele with specialized prob- 
lems); (iii) those situations in which there is a 
reasonable time of operation and simplicity of 
user input (The programs should also have 
broad and long-term use.); (iv) Those situa- 
tions which are complex and require the in- 
teraction of several disciplines or specialties 
of campus staff, including other computers. 


The Scorecard 


The Indiana Cooperative Extension Service, 
through FACTS development during the past 
five years, now has intelligent terminals in 
100% of its counties and 100% of its agricul- 
tural and home economics departments, all 
tied into a networking system by private 
telephone lines. 

Compared to the typical university grant 
venture, FACTS would have to be classified 
as a very *'high risk" undertaking. By the end 
of the fifth year, 31 August 1981, more than 
$5.5 million will have been involved from 
three major sources—Kellogg Foundation, 
$1.9 million; Purdue University $1.6 million; 
and the County Cooperative Extension Ser- 
vices, $2.1 million. 

An undertaking of this magnitude impinged 
on all existing academic departments and the 
entire field staff. It involved formation of a 
whole new department—Ag Data Network— 
composed of nearly two dozen professionals 
to develop, implement, and operate the sys- 
tem. Yet, without the simultaneous develop- 
ment of software by the extension specialists 
and departmental programmers, there would 
be nothing to implement. Further, the user 
clientele—county extension staffs—who pur- 
chased the equipment were at risk with their 
support groups unless they had numerous, 
high-quality software programs for their local 
machines, 

We currently have more than fifty soft- 
ware programs available at the county level 
throughout the state. We are bringing approx- 
imately two new programs out each month, 
and the quality of the software is now ap- 
proaching our intended standards of excel- 
lence. 

We faced a dilemma in putting this opera- 
tion together. I describe it as integrating a 
complex highly structured component into a 
highly unstructured academic and field staff 
educational program, the cooperative exten- 
sion service. 
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After several years of frustration—near 
chaos at times—it is nice to see ‘ір at the 
end of the tunnel.” Adding a subsidiary to the 
corporation is not easy. It if had been easy, it 
would have happened a long time ago some- 
where in these United States. At this time, less 
thzn five years from inception, a fully inte- 
grated, intelligent computer network is now in 
place and operational. 


Looking to the Future 


With a computer in every county and area 
office and in our academic departments, can 
we service the educational opportunities of 
our extension clientele, the citizens of In- 
diana? Obviously not. These units just repre- 
sent the ''tip of the iceberg.” To be used effec- 
tively, the computer ultimately must be lo- 
cated with the end user, on the farm, or in the 
home, for example. How do we move it from 
. the extension office to the end user, and why? 

Critical to successful agricultural computer 
programs is relevant software for problem solv- 
ing. The knowledge generator for American 
agriculture is the Agriculture Experiment Sta- 
tion and the Cooperative Extension Service of 
each state in cooperation with the U.S. De- 
partment of Agriculture. Thus, these institu- 
tions must assume the responsibility of trans- 
lating research and information into software 
packages applicable to family farms and re- 
lated agricultural production and marketing 
institutions. 

By making our cemputer programs available 
to all our clientele through our extension 
offices, we are now able to provide the same 
programs to the individual to use on his own 
computer, at his own expense of course. 
Under such an arrangement, we are not open 
to criticism for working with only a special 
sector of our agricultural clientele. Each state, 
and the nation, must face this major policy 
issue in a consistent manner through the Land 
Grant-USDA partnership. 

Looking ahead, in Indiana, a possible sec- 
ond step is to make our software information 
and programs available to vocational agricul- 
tural departments that are financially able and 
ready to purchase compatible equipment in 
their high schools. This would serve both an 
educational function—giving high school stu- 

. dents hends-on experience with computers— 
and prcblem-solving opportunities for the 
home farm. 

The third step involves getting the computer 
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on the farm itself, into the hands of the end 
user. This becomes possible when our 
software packages are of sufficient economic 
value to justify the purchase of farm comput- 
ers. An agricultural computer association, 
similar to farm accounting and farm manage- 
ment associations common in the Corn Belt, is 
one form such an end-user group might adopt. 
Members would own their own equipment, 
including the central switching and computing 
center serving their association, and they 
would purchase their software packages from 
the land grant institution servicing their state. 
Related services would be purchased from 
other suppliers. Over time, some users would 
develop the capacity to write some of their 
own software programs. 

By making all programs available through 
our extension offices, we can, without public 
antagonism, work with those who can afford 
their own and add a new dimension to the 
competitive efficiency of American agricul- 
ture. We look forward to a pilot effort, putting 
the computer on the farm, in the not too dis- 
tant future in Indiana. 


Policy Issues 


Policy issues facing the adaptation of the com- 
puter to American agriculture are many and 
varied. A few that have surfaced as we strug- 
gled with FACTS over the past five years in- 
clude: 

(a) Dc we all need to ‘‘reinvent the wheel’ 
in order to get started? Our grant with Kellogg 
Foundation involved developing a prototype 
extension networking system with intelligent 
minicomputers. The networking system 
necessarily was developed from the ground up 
to make the system functional. The cost for 
developing the networking system alone will 
total close to $2 million before it is completed; 
and, more important than the monetary cost, it 
will take more than four years to accomplish. 
Does every state need to start from the begin- 
ning and invest this kind of time and money to 
put a system into operation? 

States interested in establishing a network 
with compatible or near-compatible equip- 
ment can save two to three years startup time 
and much of the $2 million cost. As a pro- 
totype system, we stand ready to transfer our 
present technology to any extension service 
compatible system at comparatively nominal 
costs. 
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(b) Do we not have a right, perhaps an obli- 
gation, to share software? Software packages 
are expensive in the development stages. 
Whether or not to copyright our software was 
another major policy issue in Indiana. There 
seem to be as many copyright policies in exis- 
tence as there are universities. We decided to 
copyright our programs and are currently 
doing so. We are doing it for the following 
reasons: to carry the university name and 
reputation with the programs developed; to 
give further credit to the ‘‘creators’’ or ‘‘de- 
velopers" of the programs in the university 
review system; and to allow franchising in the 
commercial or private sector if the program 
has widespread appeal and proprietary value 
that should be protected for the university and 
inventor. The protection of a computer pro- 
gram itself through the copyright policy is of 
minimal value. 

Our copyrights, signed by the creators and 
department heads and agreed to by the univer- 
sity, carry the following exclusion for each 
copyrighted program: ‘‘Permission is given to 
Purdue University for use of said materials in 
any non-commercial or educational activity 
including but not limited to the University re- 
lationship to and function in the cooperative 
Extension Service which wouid include coop- 
eration with any other state cooperative Ex- 
tension Service for non-commercial or educa- 
tional purposes."' 

Thus, our programs are available for other 
cooperative extension services on the above 
terms at nominal costs. This remains true even 
where a private franchising agreement has 
been consummated. 
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(c) Can we establish and carry out doc- 
umentation standards that allow program 
interchange at minimal cost? We have estab- 
lished standards and procedures for documen- 
tation that are unique before a program will be 
used in our FACTS system. The documenta- 
tion is such that the program can be adapted to 
any computer system (of sufficient size) or 
language with very minimal effort. Such stan- 
dards are not now present in our land grant 
universities or cooperative extension services. 

(d) Can we arrange multistate programming 
in areas cf similar agriculture—the Corn Belt 
or Great Plains, for example? Large land areas 
in the United States have common types of 
agriculture, e.g., the Corn Belt, the Lake 
States, and the Great Plains. The real scarcity 
in agricultural computer development is the 
number of scientists and specialists available 
to create relevant programs to make a viable 
system. If groups of states with common types 
of agriculture would develop compatible sys- 
tems, each would have the best scientists' 
programs from all the states in the region. If 
we could implement the Midwest Plan Service 
or Swine Industry Handbook concept to com- 
puter programming, what a magnificent break- 
through this would be for our extension ser- 
vices, and, more important, our farm clientele 
across the nation. We need this sharing of 
development resources in Indiana today and 
stand ready to assist in any such undertaking. 

The development of regional centers, such 
as the North Central Computer Institute, will 
allow us to address issues similar to these and 
find solutions mutually beneficial to our ulti- 
mate clientele. 
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Plavdits to the program planners as well as the 
authors of the three papers! The papers fit 
together into an interesting mosaic that points 
a direction for future extension delivery sys- 
tems. My role is merely to highlight their in- 
herent continuity, and to emphasize a point 
about where to concentrate limited extension 
resources as that direction is followed. 

The papers should be read in order: Hildreth 
and Armbruster give an overview of how we 
got where we are that, happy surprise, is not 
boring. At least one-half day of any New 
Agents' Training Conference could be re- 
placed by. reading their one sentence gem: 
*"The major principles of extension program- 
ming (are) involving students in program devel- 
opment, presenting education in an informal 
setting, and focusing on practical informa- 
tion." And they conclude with the central 
problem of the future: The need for delivery 
innovations ''will continue growing faster than 
funds." 

The casual reader may need reminding that 
the bulk of Hildreth and Armbruster' s remarks 
apply primarily to county extension work. But 
Brown sharply separates his remarks about 
county, area, and state professionals. The 
“age-old”? extension problem is one of pro- 
gram balance between selected audiences, 
along with developing the necessary staff 
competeace. Brown's analysis rests on the 
same rails as the first paper: ‘‘The harsh real- 
ity is that extension will have to operate with 
less. . Extension must," according to 
Brown, “reassess its real strengths and make 
adjustments to assure a high-quality program. 
This could mean dropping some programs 
completely. . . ." The difficultv of doing so 
was plaintively sounded almost a decade ago 
by Sprott: ‘Тһе typical Extension Service 
worker . . . seldom if ever discontinues doing 
any thing. Most Extension programs are taken 
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on in addition to rather than in place of a 
current program’’ (p. 55). 

Brown sagely observed that ‘Тһе new de- 
velopments in electronics communication, in- 
dividualized learning, data storage, retrieval, 
and analysis offer the potential of greatly in- 
creasing the capacity of the county agent to 
assist the commercial farmer with more com- 
plex problems.” The stage is set for Diesslin, 
who enthused that the arrival of the computer 
on the farm offers potential that ‘‘is difficult to 
behold." Surely, we can agree, and we can all 
fervently hope with him that with the com- 
puter, ‘‘we have an opportunity to reestablish 
our leadership in the mainstream of American 
agriculture." And those of us who do not have 
elaborate (or in some cases, even infantile) 
systems can be grateful to the Kellogg Foun- 
Cation, to Purdue, to Oklahoma State, to 
Michigan State, and to those other pioneers in 
computer applications in agriculture from 
whom we can borrow. 

Let no beginning state extension specialist 
ignore the guidelines that Diesslin lays out for 
implementing the FACTS system, particularly 
those dealing with using computers in their 
problem-solving capacity. Those guidelines 
could save years of floundering. 

So the computer can save us. But how? The 
life raft is simply too small for all of exten- 
sion’s programs, Some tough choices must be 
made about the audiences that will be served. 
Some programs will have to be dropped: in- 
deed the Florida legislature has mandated that 
some nonagriculture programs be dropped. 
Hildreth and Armbruster’s notion of abandon- 
ing the large producers should be dropped, as 
should those ideas Brown emphasized from A 
Time to Choose. Concentrating on our com- 
parative advantage means working with com- 
mercial agriculture, which made extension 
what it is (Holt, Pugh, Brant). 

In the future, should not our response be 
like the popular girl at the country dance? She 
refused all new suitors with the words ‘‘No, 
IH dance with who brung me here.” 
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The three papers presented accurately de- 
scribe (a) extension’s philosophy and goals, 
(b) extension’s staffing and expertise needs, 
and (c) Indiana’s FACTS computerized deliv- 
ery system. Although the papers presented by 
Hildreth and Armbruster, Brown, and Diesslin 
address differen: issues, they all perceive 
problems which impair the flow of research 
information to our clientele. The purpose of 
my discussion is to probe further into these 
problems and to suggest possible means for 
improving information delivery systems for 
extension. 

Hildreth and Armbruster point out that ex- 
tension is generally oriented toward the 
middle-size farms, which are shrinking in 
numter and potential strength. They sug- 
gest 2xtension may well forget about serv- 
ing large producers. In my opinion, the sur- 
vivability of the West’s long-run extension 
programs hinge on gaining the support of the 
large producers. Their political support is 
much stronger than what the numbers indi- 
cate. These are the clientele that will speak out 
for (or against) extensicn in public hearings. 
Strong testimonials are going to be needed to 
keep extension’s presen: resource base. 

Hild-eth and Armbruster state that ‘‘exten- 
sion is a linkage between research and the 
users of knowledge." The complexity of many 
of today's research projects requires the ex- 
tension specialist ge- involved early in the re- 
search phase. It is becoming more and more 
difficult for an extension specialist to use the 
results of a finished research project to serve 
his or her clientele. This, in my opinion, is the 
strongest support for joint extension/research 
appointments. 

Brown argues that the potential for mount- 
ing successful extension programs rests more 
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with in-service training than with recruiting 
more specifically trained county staff. Profes- 
sional improvement programs are extension's 
primary investment in human capital; how- 
ever, very few state extension services are 
making major investments in professional im- 
provement programs. I believe extension 
staff, particularly agents, should spend at least 
thirty work days a year in professional im- 
provemert programs. 

“Research trained Ph.D.s are inadequately 
prepared :o meet the challenges and respon- 
sibilities of state extension specialists." If 
Brown is right in this statement, this may have 
a profound implication for the long-run survi- 
val of extension education. Extension may 
need a national training center to teach state 
specialists how to be state extension special- 
Sts. A smell amount of ‘‘how to teach” could 
greatly enhance a young extension specialist’s 
extension program. Some form of a national 
“Winter School" for state specialists could 
greatly expand extension's human capital. 

Diesslin presented a good overview and 
considerable insight into the FACTS system. 
The integration of research into extension 
software greatly enhances the value of com- 
puterized decision aids in extension. Purdue's 
p-oneering effort in this area with its MIRA- 
CLE system is extremely significant. Re- 
search can znd must play a major role in the 
subject matter content and the associated data 
beses used m extension's computer models. 
Without it, oar computer delivery systems will 
fal due to irformation voids. 

Extension has a proud history and has 
pleyed a major role in American agriculture. 
We аге no?, позеуег, without our problems. 
Hi dreth and Armbruster, Brown, and Diesslin 
have drawn our attention to some strengths 
and weaknesses of extension. By capitalizing 
on these strergths and working on the weak- 
nesses, extension can continue to play a major 
role in agricukure. 
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The Economic Environment for Agriculture in the 1980s 
(Dan Bromley, University of Wisconsin, Presiding) 


On the Power of Macroeconomic Linkages 
to Explain Events in U.S. Agriculture 


Bruce Gardner 


The significance for agriculture of mac- 
roeconomic events in the 1980s depends upon 
what elements in the macroeconcmy are most 
strongly linked to agriculture and how these 
linkages function. It is idle to say, for exam- 
ple, that inflation poses particularly serious 
problems for agriculture in the 1980s unless we 
have evidence that inflation generally causes 
particularly serious problems for agriculture. 
This paper concentrates on the past literature 
and current state of evidence on such ques- 
tions. The final section considers the possibil- 
ity of scientifically defensible forecasts for the 
1980s. It is short. 


Theories of **Sectoral Macroeconomics" 


Many economists have emphasized the impor- 
tance of not treating the farm sector as a 
partial-equilibrium island, and a few have 
worked diligently at building the needed 
analytical and empirical bridges. Notable early 
examples are Kirk, Schultz, Hathaway, and 
Firch (1964), all of whom linked agricultural 
instability to business cycles. The period in 
which Hathaway and Firch wrote was the 
high-water mark of the ‘‘Keynesian’’ ap- 
proach to these issues, which emphasized the 
uses of macroeconomic policy. Following the 
recent disintegration of the theory of mac- 
roeconomic policy, the theme of mac- 
roeconomic instability returns. Some promi- 
nent hypotheses are: ‘‘Instability in farm in- 
come has its origins chiefly in business fluctua- 
tions" (Schultz, p. 214). ‘‘Agricultural prices 
and income are not extremely sensitive to 
[macroeconomic] changes" (Lamm, p. 30). 
‘National inflation exerts a real price effect on 
the farming industry, reducing the parity ra- 
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tio" (Tweeten and Griffen, p. 10). There is 
also the denial of the preceding hypothesis 
(Schluter and Lee); ‘‘inflation dampens pro- 
ductivity growth’’ (Ruttan, p. 896); and the 
denial of this hypothesis (Johnson). Schuh 
(1974) saw the exchange rate as an important 
determinant of real farm prices. Other hypoth- 
eses are that ''inflation has contributed to a 
greater degree of inequality among regions and 
types of farms" (Robinson, p. 904); ‘‘the 
major long-run effect of inflation is perhaps in 
the way it affects the prices of fixed assets, 
primarily land for agricultural purposes” 
(Penn, р. 892); and that inflation ''leads farm- 
ers to expand their operations more aggres- 
sively” (Schertz and Harrington, p. 64). 

The derivation of these hypotheses tends to 
be theoretically ad hoc, as well it might be 
since standard macroeconomic theory pro- 
vides little guidance. The empirical evidence 
adduced has been sparse and contradictory. 
There is a general hypothesis that instability 
in aggregate demand causes instability in rela- 
tive commodity prices, which is supported by 
recent research (Vining and Elwertowski, 
Parks). Consequently, we expect real farm 
prices and incomes to be more variable when 
the general price level is more variable, as 
Firch (1977) indeed found. But the effect of 
macroeconomic disturbances on the level of 
real farm prices and incomes remains an open 
question. 

Systematic connections between  mac- 
roeconomic aggregates and sectoral variables 
may occur along the following lines: if an un- 
anticipated exogenous event occurs (such as 
accelerated growth in the money supply), 
there will be a sequence of price and interest 
rate adjustments throughout the economy that 
will affect some sectors earlier than others. If 
these transmission mechanisms are stable— 
perhaps functions of capital intensities, indus- 
try structure, prevalence of long-term con- 
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tracts, or other specific characteristics of the 
industry—then we expect a particular time 
path of adjustment in agriculture (and each 
other sector) in response to such shocks. 
Thus, farm prices will rise faster than nonfarm 
prizes if the transmission mechanism works in 
certain ways, e.g., if prices in competitive auc- 
tion markets adiust more quickly than prices 
in imperfectly competitive markets. 

The roles of long-term contracts and differ- 
ential changes in anticipations can be incorpo- 
rated in a general discussion of price elasticity 
of supply and income elasticity of demand as 
determinants of macroeconomic influence on a 
particular sector. The ideas go back at least to 
Cairnes, who associated price transmission 
with sector-specific demand impacts and 
short- and long-run supply elasticities (see 
Bordo). The predictions of this approach are 
not as straightforward as they may appear at 
first glance. For example, one might expect 
farm prices to increase rapidly in response to 
an unanticipated increase in aggregate demand 
because intended crop output is costly to 
change during the period when crops are grow- 
ing. On the other hand, shocks can be buffered 
by changes in stocks or international trade. 
Moreover, many nonagricultural goods are 
subject to relatively fixed capacity constraints 
in the short run, and long-term contracts with 
prespecified nomiral prices appear more prev- 
alent in nonagricultural industries. In short, 
while we expect sector-specific price effects of 
some kind, it is a matter of empirical investiga- 
tion to discover what these effects are. 

The null hypothesis in this situation does 
not incorporate a ‘“‘wrong’’ sign for any vari- 
able (hence two-tailed statistical tests are ap- 
propriate). Alternative null hypotheses are 
that 21] sectors respond to macroeconomic 
shocks at about the same rate; or that the 
differential responses are random, so that a 
sector that gains in one inflationary episode is 
just as likely to lose in the next. Unfortu- 
nately, independent inflationary episodes are 
scarce. While the years 1960—76, for example, 
contain sixty-eight quarters, they may contain 
only four or five underlying inflationary 
shocks, and hence give only a few degrees of 
freedom in studying sectoral redistribution. 
This is probably why Tweeten and Griffen can 
obtain ''statistically significant’’ results that 
the parity ratio falls under inflation, while 
Schluter and Lee find the opposite results for a 
more recent (but shorter) time period. 

While the fewness of inflationary episodes 
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suggests the use of a lengthy time series of 
data, this increases the likelihood that'struc- 
tural change has occurred during the period 
being considered. So we are presented with 
the following dilemma in empirical work: a 
short time series is unlikely to provide gener- 
alizable results about macroeconomic effects 
because there will be too few significant mac- 
roeconomic events; but in a long period the 
structure of agriculture may have changed so 
much that there are no generalizable results. 

Some macroeconomic hypotheses involve 
factor-market linkages, e.g., there is ‘‘an in- 
creasingly close link between the rural sector 
and the general economy by means of factor 
markets" (Gardner, p. 22). One of the few 
sectoral models to emphasize these linkages is 
Lamm. The ideas derive from Walrasian gen- 
eral equilibrium rather than Keynesian mod- 
els, involving sectoral linkages more closely 
related to standard supply and demand mod- 
els. In particular, we expect labor returns in 
the farm sector to be strongly influenced by 
nonfarm labor returns, and the rate of return 
to investment in agriculture to be closely 
linked to rates of return in the general econ- 
omy. 


Data on Agriculture in Recessions and 
Inflations 


Table 1 shows in calendar-year aggregates 
what happened in U.S. agriculture during re- 
cessionary and inflationary periods. A year is 
defined as recessionary if real GNP fell from 
the preceding year (except 1947 and 1949). To 
define an inflationary period, I considered two 
criteria. The first is the set of years when the 
year-over-year CPI increased 4% or more. 
The second is the set of years in which the 
actual rate of inflation exceeded the antici- 
pated rate of inflation, i.e., when unantici- 
pated inflation occurred. This criterion derives 
from the ''rational expectations" view that 
people adapt to anticipations such that only 
unanticipated changes in the inflation rate 
have real effects. For example, because of 
experience in the early 1970s, an inflation rate 
of perhaps 6% was generally anticipated for 
1977, so that interest rates, rental rates on 
capital, and so forth reflected this expectation; 
and had the inflation rate turned out to be 6%, 
all prices would have adjusted without disloca- 
tions of real economic activity. What makes 
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Table 1. Economic Indicators of the Farm Sector in Recession and Inflation 























s Real Real Real Real 
Real Net Farm Farm Nonfarm 
Farm Farm Real Land Wage Wage 
Year Prices? Income GNP Price Rate Rate 
og tt ee ee ee (% annual change) —---------------------- 
Regressions® 
1974-75 +14.4 —29.1 —1.8 +7.6 +11 —1.3 
1970 —4.0 —1.0 —1.4 -2.3 +15 —0.9 
1958 +3.6 +11.7 —1.4 13.6 42.9 11.9 
1954 —3.6 —5.2 —0.5 —4.3 -2.2 +1.8 
1949 —142 —36.9 +0.6 +3.2 —1.0 +4,6 
1938 —24.0 —35.1 —3.9 41.9 41.9 +1.9 
1930-32 —21.3 —35.0 —12.3 —2.0 —13.8 —0.6 
1927 -1.7 -2.2 —1.8 —1.1 +1.9 +1.9 
1924 —0.2 —4.6 —0.2 —3.0 +4.6 +3.5 
1921 —30.3 —46.1 —9.3 12.3 -1.1 +3.4 
1914 -1.3 +9.4 —3.9 -1.3 -1.3 =13 
Average 11.3 —24.2 —4.9 40.6 —5.2 +0.8 
Inflation years? 42.8 +0.9 +3.5 +1.3 +3.4 +2.2 
Unanticipated inflation® +3.1 +4.0 +3.4 +11 42.4 42.4 
All years, 1910-79 —1.1 —2.6 +2.9 +0.8 +1.3 +2.1 





a Real" means deflated by the consumer pric2 index. Sources of data: U.S. Department of Agriculture, U.S. Department of Commerce, 


and U.S. Council of Economic Advisers. 


> For definition of *'recession," ''inflation years," and “unanticipated inflation," see text. 


1977 an inflationary year is that the inflation 
rate accelerated to 9%. 

To estimate anticipated inflation, I fit an 
ARIMA model to natural logs cf the CPI. The 
anticipated rate of inflation is the forecasted 
value for each year from the differenced CPI 
time series. The ARIMA (1,1.1) model over 
the 1910-79 period is 


I, 20.3141, — 0.554 e1 + е, 
(0.158) (0.138) 


where /, (= change in log CPI) is the rate of 
inflation in year f, and e, is the forecast error. 
The numbers in parentheses are standard er- 
rors of the coefficients. The forecast for J; is 
made as soon as lı and e,.. are observed. 
This specification fits better than a simple 
first-order autoregressive or moving-average 
process (i.e., adaptive expectations), or a ran- 
dom walk as used in Parks (p. 90). But 
higher-order AR or MA lags do not sig- 
nificantly reduce forecast errors, and the au- 
tocorrelations of the residuals from the fitted 
model are not significant. 

Given the ARIMA forecast as the antici- 
pated rate of inflation, years of unanticipated 
inflation are defined as those in which the ac- 
tual rate exceeds the predicted rate by one 
standard error (3%) and in which the rate of 
inflation was positive (to exclude decelera- 
tions of deflation in 1922 and 1934). These 
years are 1916-20, 1941—42, 1946-47, 1951, 


1971, 1973-74, 1977-79. The years in which 
the CPI rose more than 4.096 are the same 
except that 1943, 1948, 1969-70, and 1975—76 
are added. Note that 1970, 1974, and 1975 are 
years of simultaneous recession and inflation 
under one or both criteria of inflation. And of 
course there are many years, forty-six out of 
seventy in the 1910-79 period (although only 
one in the 1970s), in which neither inflation 
nor recession is observed. 

The performance of agriculture during re- 
cessions is variable, as the table 1 data indi- 
cate, but on average the farm sector fares 
poorly during these episodes. Farm income 
tends to fall substantially more sharply than 
overall GNP, as do farm prices relative to the 
general price level and farm wage rates rela- 
tive to nonfarm wage rates. Thus, it appears 
that agriculture has an even greater stake than 
other sectors in avoiding recessions, although 
the differential effects are less pronounced 
since 1950. (The substantial farm income de- 
cline in 1974 is misleading, being measured 
relative to the extraordinary year of 1973. 
1974—75 was still well above 1970-72 in real 
farm income.) 

The effects of inflation are roughly similar 
under both criteria for inflation. For the non- 
farm variables and for farm wage rates and 
land prices, the inflationary periods do not 
differ appreciably from the seventy-year mean 
rates of growth. However, real farm product 
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prices and real farm income grow faster in the 
inflationary years, particularly in years of un- 
anticipated inflation. 


Econometrics of Macroeconomic Linkages 


Two serious deficiencies of the table 1 data are 
that they provide no indication of the statisti- 
cal significance of the observed differences, 
and they leave out everything else that hap- 
pened during recessions and inflation besides 
these macroeconomic events. Їп an attempt to 
remedy these deficiencies, this section devel- 
ops regression models for these data. Table 2 
shows results for real farm prices. Regression 
1 indicates effects of about the same mag- 
nitude as the averages reported in table 1, but 
the effect of inflation is not statistically sig- 
nificent. This is the same result found by 
Grennes and Lapp. 

Regressions 2—7 include other variables that 
may be influencing farm prices. The variables 
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added in regressions 2 and 3 pertain to long- 
term forces underlying U.S. farm prices, while 
regressions 4 and 5 add variables on output 
changes and exports, which may be more im- 
portant in determining short-term price fluctu- 
ations. Output changes clearly influence price 
changes but also are clearly endogenous vari- 
ables. However, it seems likely that output 
changes contemporaneous with farm price 
changes are caused primarily by weather, or 
similarly exogenous forces, rather than being 
production responses to contemporaneous 
price changes. Lagged output is included 
along with current output because the 
calendar-year basis of the price index results 
in two crop years being relevant to the ob- 
served price change. 

Exports also involve obvious problems of 
mutual determination with prices, but analysis 
of the time series did not detect causality going 
from prices to exports. For recent years, it is 
possible to include an additional export- 
related variable, the exchange rate of the dol- 


Table 2. Regression Coefficients Explaining Percentage Changes in Farm Prices Received, 


1910-78 
Independent 
Variables? (1) (2) (3) 
Recession —.12 —.11 —.11 
(dummy) (4.2)* (3.5) (3.4) 
Inflation 4+% ‚04 .03 
(dummy) (1.6) (1.0) 
Unanticipated ‚03 
inflation (0.9) 
Productivity -3.5 —3.8 
(0.9) (1.0) 
Nonfara .49 47 
wage (1.4) (1.3) 
Government 
programs .06 .07 
(dummy) (1.1) (1.4) 
Exchange rate 
Exports 
Output 
Lagged output 
R? 23 31 31 
Durbin- Watson 2.18 1.61 1.60 


Regressions 


(4) (5)? (6)° (7) 
—.10 —.004 GNP 1.28 1.28 
(3.6) (0.1) (2.3) (8.0) 

03 .002 CPI 1.47 47 
(.1) (0.1) (1.5) (1.6) 
-32 N 8.5 —.50 
(1.0) (0.2) (1.5) (0.2) 

AS ы -2.6 -.52 
(1.3) (0.6) (1.8) (1.8) 

.06 ~.01 
(1.3) (0.2) 

—.39 2.42 
(1.6) (2.1) 

0.5 .03 
(1.1) (0.9) 
=.12 20 66 —.44 
(0.5) (0.4) (1.6) Q.5) 
—.70 32 37 —.74 
(3.3) (0.6) (1.3) (4.8) 

43 2 44 70 
1.46 2.06 2.20 1.57 











а All continuous variables are percentage changes, so coefficients are clasticities. Definitions and sources of variables: recession and 
inflation dummies defined in text; productivity is USDA’s index cf total factor productivity, smoothed using a fitted fifth-degree 
polynomia. (no trend in 1910s, gradually rising in 1920s and 1930s, accelerating in 1950s and 1960s, decelerating in 1960s and 1970s); 
nonfarm wage is Department of Commerce hourly wage rate in U.S. manufacturing: government program dummy is 0 through 1932 and 1 
thereafter; 2xchange rate is the Federal Reserve Board's trade-weighted dollar; exports are U.S. Department of Commerce estimates of 
the value of agricultural procucts exported; output is USDA agricultural output index, 1967 = 100. All dollar variables except the 


exchange rate are deflated by the CPI. 
> Regressions containing the exchange rate cover 1956—78 only. 
e Өү? statistics. 
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lar for foreign currencies. An interesting litera- 
ture has grown up around Schuh’s hypothesis 
that an overvalued dollar was a prime cause of 
agriculture’s problems in the pre-_972 period. 
Of the variables that have been suggested for 
use in testing this hypothesis, the most attrac- 
tive is a trade-weighted dollar, an index of 
exchange rates of major currencies weighted 
by the share of trade accounted for by each 
country. Such a variable is included in regres- 
sion 5. Since it is only available after 1956, this 
regression covers a much shorter time period 
than regressions 1—4. 

The results are quite different for the shorter 
time period. Output, productivity, and non- 
farm wages all become insignificant.! The 
most significant variable is the exchange rate, 
whose coefficient indicates that a 196 fall in the 
value of the dollar generates a 0.476 increase in 


! The F value for the short-period residuals is 0.76, indicating 
insignificance for the regression as a whole. Seemingly much ‘‘bet- 
ter” results occur with regressions on levels rather than changes. 
Regressions 5-6 specified in terms of levels yield much higher R?. 
But the Durbin-Watson statistics are less than the R?, indicating 
that ‘‘significance’’ of results and apparent good fits may be spuri- 
ous. (See Granger and Newbold, pp. 202-14.) 
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real farm prices. Most important for the pre- 
sent discussion, there is no longer any sig- 
nificant effect of being in either a recession or 
an inflationary period. This bears out what the 
table 1 data indicate for recessions—that they 
no longer are as important to the farm sector 
as they once were. This is consistent with the 
findings of Lamm. Regressions 6 and 7 include 
real GNP and the CPI as continuous variables 
instead of dummies for particular episodes. 
The results are basically similar, but the 
t-ratios and R? generally improve. 

Table 3 contains regressions explaining real 
farm income, wage rates, land prices, and 
prices paid by farmers. The recession coef- 
ficients tell the same story as the raw data of 
table 1-the significant effects are to reduce 
the real farm wage rate by about 5% and real 
farm income 2396-2495. The effects of inflation 
are insignificant on all the real variables (also 
true for years of unanticipated inflation, al- 
though to save space these regression results 
are not shown). This conflicts with Tweeten, 
who found inflation to increase real prices paid 
by farmers. 

Regressions 9 and 13 show results for the 


Table 3. Regression Coefficients Explaining Annual Percentage Changes in Farm-Sector Vari- 





ables 
Dependent Variables? 
Real 
Prices Paid Real 
Independent Real by Farm Wage Real 
Variables* Net Farm Income Farmers Rate Farmland Price 
(8) (9) (10) an (12) (13) 
Recession —.23 —.14 -.03 —.03 .01 .003 
(4.0)* (1.2) (1.8) Q.21 (0.9) (0.1) 
Inflation (4%) —.002 .06 .004 .01 —.01 —.04 
(.04) (0.7) (0.3) (0.5) (0.4) (1.5) 
Productivity —2.6 26.6 — 1.87 —1.14 —2.49 -7.8 
(0.4) (2.3) (0.9) (0.5) (1.4) (2.5) 
Nonfarm wage 71 —2.8 29 -70 —.14 —.12 
(1.0) (0.5) (1.3) (2.7) (0.9) (0.1) 
Gov't. programs .05 .04 .05 .08 
(0.5) (1.3) (1.6) (3.6) 
Exchange rate —4.3 .34 
(6.0) (1.8) 
Exports .08 .07 .07 .04 
(0.8) (2.4) (2.0) (1.6) 
Output 1.02 1.09 .02 .39 
(2.2) (0.8) (0.2) (2.3) 
Lagged output —]1.35 .63 -.35 —.00 
(3.2) (0.4) (2.6) (0.0) 
R? .50 76 .32 41 34 31 
D-W 1.67 2.36 1.32 1.88 1.75 1.89 





з Same as in table 2. 





> Net farm income is the USDA’s estimated total net income from farming. Prices paid is the USDA index for production items. The farm 
wage rate is the USDA index, as is the farm real estate price. All are deflated by the CPI. 


e "t". statistics. 
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19:6—78 period. The recession effects are 
weaker in this period. Note that the ex- 
chenge-rate variable is highly significant, as 
it was in the catput-price regression. How- 
ever, in the land-price regression, the ex- 
change rate has a positive sign, which means 
that depreciation of the dollar is associated 
witn lower land prices, an unexpected result. 
Note also that tne land price is the only de- 
pendent variable in the table 3 regressions for 
which the government-program dummy has a 
significantly positive effect. The hypotheses 
that inflation increases the real prices of fixed 
assets and the rate of growth of farm size 
(Penn; Schertz and Harrington) lack eviden- 
tial support. While the raw data of table 1 
Show real estate prices rising 1% to 2% faster 
in inflationary years, regressions 12 and 13 
show no effects of inflation on real land prices. 

A` ternative econometric specifications to 
those of this paper include the following: one 
could model less aggregated commodities, as 
іп Caen; one could imoed the farm sector in a 
fuller model of the rest of the economy, as in 
Cromarty, Fox, Shei and Thompson, or 
Lamm; or the specification of the foreign mar- 
ket influences on the U.S. farm sector could 
be more complete, as in Grennes and Lapp. A 
detailed model of the agricultural sector, fully 
integrated with a model of the general econ- 
omy, would permit study of macroeconomic 
effeczs on agriculture simultaneously with the 
effec-s of agriculture on the rest of the econ- 
omy. An assumption of my regressions is that 
a fully specified model is not necessary to 
ident-fy macroeconomic effects upon agricul- 
ture. Because agriculture is a small part of the 
general economy, the dominance of causality 
from the general economy to agriculture 
seems plausible, but fuller models are neces- 
sary 1o test the assumption. 

A few small-scale simultaneous models 
have been developed, notably Lamm, Shei 
and Thompson, and Chambers and Just. I 
have found the results in these papers suggest- 
ive but inconclusive in establishing the nature 
of sectoral linkages. Chambers and Just find 
that *a sustainec 10 percent reduction in 
domestic credit would eventually evoke more 
than a 17 percent change in the level of wheat 
price, a 7 percent change in corn price and an 
11 percent change in soybean price" (p. 17). 
This is a quite implausible result, and it is not 
clear that the differences are statistically sig- 
nificant. Shei and Thompson conclude that 
Soviet grain purchases had a substantial effect 
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on the general price level in 1973, while over a 
longer time period Lamm concludes that 
"changes in the rest of the economy have 
large effects on agriculture, while the converse 
is not ordinarily the сазе”, (p. 32). Overall, the 
evidence adduced in these papers is far from 
settling the issues. 

Firch (1977) considers subperiods of data 
that are suggestive of structural change over 
time in macroeconomic influences on agricul- 
ture. He finds, for example, that inflation was 
а more prominent agent of instability in 1920- 
39 than in 1946-75. The weakness of his ap- 
proach is the lack of tests of significance for 
time-varying effects. 

Evidence on instability is obtainable by a 
modification of regression 7 above in which 
the log changes of price, the inflation rate, and 
other variables are squared. This transforma- 
tion generates a component of the log variance 
of price and other variables, so that a zero 
coefficient on an independent variable means 
that it contributes negligibly to variation in the 
dependent variable. A significantly positive 
coefficient on variability confirms the hypoth- 
esis of Parks that instability in the general 
price level generates instability in real sectoral 
variables. For the 1910—78 period, regression 7 
as transformed yields a statistically significant 
effect of price-level variability increasing the 
variability of real farm prices. The shorter pe- 
riod 1956-78 as respecified shows a smaller 
instability effect, but a null hypothesis of no 
structural change in the regression coefficient 
over time cannot be rejected. The overall 
result is to confirm for agriculture the Parks 
and Vining-Elwertowski results that mac- 
roeconomic instability has real sectoral ef- 
fects. But it remains the case that there is no 
predictable direction in which real farm prices 
are affected by general inflation. 


Implications for the 1980s 


In 1969, Egbert derived the following policy 
implication from his sectoral model: ‘‘Some 
form of production controls will continue to be 
needed in agriculture to maintain prices and 
incomes, at least for the next decade” (p. 31). 
The most convincing explanations of what 
happened to make this and similar forecasts 
look ridiculous in the 1970s are macroeco- 
romic linkages. Are we now equipped to 
speak with any better authority about the 
1980s? It would be rash to suppose so. But 
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there may be better prospects for preinterpre- 
tation of the 1980s, that is, projection of the 
kinds of influences that it will be most impor- 
tant to watch for, and forecasts conditional on 
salient contingent events. 

In the research to date I see three main 
channels of influence from the rest of the 
economy to agriculture. They are (a) ‘‘Walra- 
sian" influences—the forces associated with 
the attainment of neoclassical general equilib- 
rium between sectors, most notably equaliza- 
tion of rates of return in factor markets; (b) 
“Marshallian” influences—the effects of stan- 
dard shifters of supply and demand curves, 
such as consumers’ incomes or population; and 
(c) “Keynesian? influences—a catchall 
for the nonstandard hypotheses such as those 
of Schultz, Firch, and Schuh. 

The Walrasian view of agriculture’s connec- 
tion with the rest of the economy has not been 
аз prominent in the recent literature as the 
Keynesian hypotheses. Nonetheless, this ap- 
proach holds promise for preinterpretion of 
the 1980s. Schuh (1962) and many successor 
studies on farm labor indicate that the most 
important determinant of farm wage rates is 
nonfarm wage rates. More recent work, nota- 
bly Melichar, Hughes, and Feldstein, is estab- 
lishing the groundwork for similar conclusions 
in the capital markets. From this point of 
view, the most important determinants of the 
trend of farm factor returns in the 1980s will be 
factor returns in the general economy. 

The Marshallian linkages dominate the early 
sectoral models of Cromarty, Fox, and Eg- 
bert, although they were developed in con- 
junction with Keynesian macromodels. The 
inflation rate, for example, does not enter into 
the determination of relative farm commodity 
prices, nor does the exchange rate or other 
nonstandard influences. This continues to be 
. the case for large farm-sector models such as 
Chen's. Thus, preinterpretion of the 1980s 
using such models will not involve the issues 
which have been emphasized in this paper, 
except insofar as real GNP influences demand 
functions. 

The main “Keynesian” variables that ap- 
pear to possess explanatory power in the his- 
torical data are recessions and the exchange 
rate. But recessions are not important after 
1950 (and GNP is not that nonstandard any- 
way). Moreover, on further consideration it is 
dubious whether one can expect future fluctu- 
ations in the foreign value of the dollar to play 
a major role in the real well-being of the farm 
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sector in the 1980s. The reason is that the 
effect, for example, of the exchange rate in 
regressions 5, 6, and 9, above, results from the 
switch from a fixed to a flexible exchange-rate 
system, which took place in two steps in 1971 
and 1973. (This is revealed by the fact that an 
exchange-regime dummy that captures only 
the fixed versus floating contrast picks up vir- 
tually the whole exchange-rate effect, while 
the exchange rate itself, in the presence of the 
structural-shift dummy, becomes insignif- 
icant.) So one cannot use the exchange-rate 
coefficient to forecast effects of future ex- 
change rate fluctuations under the floating-rate 
regime. There may well be real exchange-rate 
effects, bu: these will turn on deviations from 
purchasing-power parity in exchange rates, a 
topic on which future research should be given 
high priority, but on which there is not yet 
enough knowledge to base forecasts. 

The ‘‘Keynesian’’ preinterpretations of the 
1980s that I have to offer are thus negative: 
even if I knew the future course of U.S. busi- 
ness cycles, inflation, and foreign value of the 
dollar, I could not predict any particular con- 
sequences for agriculture (compared to other 
sectors). Of course, to predict nominal prices, 
we need то forecast the general price level, 
and for this we need a macromodel. But there 
is no evidence that the best macromodel for 
the purpose has anything agricultural in it. 
Thus, there is no reason to believe that ag- 
ricultural economists can forecast better by 
expressing their models in nominal values (as 
most of the papers cited in the list of refer- 
ences do) and then incorporating determinants 
of the overall price level such as the money 
supply on the right-hand side. With further 
research this situation may change, but for 
forecasting the 1980s at our present state of 
knowledge, I believe it preferable to use the 
macroeconomists' models for the economy- 
wide variables and sectoral models with de- 
flated prices for agricultural variables. In 
short, the classical dichotomy between real 
and nominal values prevails in practical fore- 
casting of annual data. 
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Agricultural Land: Adequacy of Acres, 
Concepts, and Information 


Michael F. Brewer and Robert F. 


The authors were implicated to varying degree 
in the recent National Agricultural Lands 
Study (NALS). In addressing our assigned 
topic of the ‘‘adequacy”’ of agricultural land 
for the 1980s and beyond, we draw on the 
NALS experience. 

NALS was a multiagency federal study 
under the joint sponsorship of the U.S. De- 
partment of Agriculture (USDA) and the Pres- 
ident’s Council on Environmental Quality. 
NALS was charged with determining ‘‘the na- 
ture, extent, rate and causes of reductions in 
the land base of U.S. agriculture,’’ evaluating 
its ‘economic, social and environmental con- 
sequences,” and recommending ''administra- 
tive and legislative actions, if necessary, to 
reduce losses suffered by the nation as a re- 
sult.” As with previous efforts of this type, the 
root question prompting the investigation was 
whether the future consequences of current 
trends in land use warrant policy intervention 
in the processes that now allocate the re- 
source. 

This heavily publicized and widely reported 
exercise yielded multiple, and at times incon- 
sistent, products. These include findings from 
staff research, various pamphlets and ‘‘Inter- 
im Reports," and a separately drafted Final 
Report that was filed in the closing hours of 
the last administration. The latter contained 
new forecasts of future land requirements 
based on last-minute revisions of previous pro- 
jections by USDA. 

The study furnished graphic examples of 
difficulties researchers can encounter in 
exploring subjects that many perceive as arti- 
cles of faith, and that are suffused with vested 
interests and foregone conclusions (Cook 
1980, 1981). Regardless of what the NALS 
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search economist with the National Agricultural Lands Study. 
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Final Report advanced as findings and rec- 
ommendations, history suggests they will not 
lay the issue to rest. As with debates on the 
need to control population or the limits to 
growth, agricultural land adequacy seems to 
have a cyclical claim on the public's imagina- 
tion, anxiety, and credulity (Luten). We are 
not sanguine that the NALS will break that 
cycle. Efforts to determine the *'nature, rate, 
extent and causes of reductions in the land 
base," led NALS into a morass of inconsistent 
and conflicting numbers that left issues possi- 
bly more confused than previously. Instead of 
a broad “‘economic, environmental, and social 
evaluation" of the consequences of agricul- 
tural land conversion, the Final Report based 
the substantive case for a federal role in ag- 
ricultural land preservation almost solely on 
the question of when the nation ‘‘runs ош” of 
suitable agricultural land. 

This paper undertakes to (a) describe the 
current agricultural land situation, focusing on 
definitional and measurement problems; (b) 
discuss the adequacy of agricultural lands for 
the 1980s and beyond, where ''adequacy"' is 
defined by the standard criterion; and (c) 
explore whether other criteria might be pre- 
ferred. 


The Definitional Morass 


An initial task for the NALS staff was to de- 
velop a definition of ‘‘agricultural land" con- 
sistent with its mandate. The mandate was 
seen to arise out of the nationwide concern 
about the ''loss"' of private farmland and from 
federal, state and local efforts to stop it. The 
mandate was further perceived as relating al- 
most entirely to the private sector since most 
farmland is privately owned, and most land 
use conversions are the result of market deci- 
sions. In the final round, the definitions were 
also influenced by data availability. 
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NALS defined agricultural lands as "lands 
currently used to produce agricultural com- 
modities including forest products, or lands 
that have the potential for such production. 
These lands have a favorable combination 
of soil quality, growing season, moisture sup- 
ply, size, and accessibility. This definition in- 
cludes about 590 million acres of land that 
have no potentia! for cultivated crop use but 
are now in agricultural uses, including range, 
pasture, or forestland’’ (Final Report, p. 21). 
The measure of agricultural land that NALS 
adopted was expansive. It includes all nonfed- 
eral rural land not actually in ‘‘nonagricul- 
tural" uses—e.g., rural transportation rights- 
of-way, water impoundments, or other non- 
farm uses. Though chosen in good faith, it is 
clear in retrospect that both the definition and 
measure are flawed. 

Figure 1 presents the taxonomic breakdown 
used by NALS. It is based on definitions and 
statistics from the Soil Conservation Ser- 
vice's, 1977 National Resource Inventory 


(Million acres) 


NONFZEDERAL LAND 1,512 


RURAL LAND 1,443 


AGRICULTURAL LAND (1,361) 


FOREST LAND 
376 


CROPLAND RANGELAND 
413 414 


POTENTIAL CROPLAND- -KIGH AND MEDIUM POTENTIAL - 127 FROM: PASTURELAND · 51.4 


CROPLAND | 


413 CROPLAND BASE (540) 


PRIME FARMLAND (345) 


N CROP USE (23C) 





Figure 1. America’s land base in 1977 
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(NRI).! The first major division in figure 1 is 
between federal and nonfederal land. This di- 
vision was seen as consistent with the NALS 
focus on privately owned lands, since only a 
Minute amount of federal lands is used for 
crop production (Final Report, p. 27). 

The next division, ‘“гигаГ and "urban," is 
straightforward enough, except for continuing 
problems of defining and measuring urban 
lands. Rural land (1,443 million acres), less 
lands in rural transportation, other nonfarm, 
and water uses, yields the quantitative NALS 
measure of agricultural lands (1,361 million 
acres). 

This measure has at least two technical 
deficiencies as well as a major connotative 
problem. First, if agricultural commodities are 
defined to include forestry or grazing output, 
then the land base is undercounted by half a 
billion acres of federal lands that contribute 
importantly to both timber and livestock pro- 

1 [n addition to the definitional issue, there are also concerns 
that quantitative differences among NRI and other source statis- 


tics on land use or land use change. There are discussed in McGill, 
Hidlebaugh, Yovino; Boxley; Brewer end Boxley. 


TOTAL 
751 U.S 


(2.263) 


FEDERAL LAND 


URBAN LAND 
NONFEDERAL LAND 
(1,512) 


RURAL TRANSPORTATION-26 
OTHER NONFARM-47 
WATER-9 


RURAL LAND (1,443) 


RANGELAND - 38.9 
FORESTLAND  - 30.9 
OTHER LAND - 58 
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duction.? Second, the definition is in part a 
tautology. Agricultural land, as defined, has to 
have some minimally favorable combination 
of soil quality, growing season, and moisture 
supply; otherwise the land would be barren. 
But sufficient climatic and soil characteristics 
to support, however tenuously, a range or 
forest biome does not necessarily signify eco- 
nomic importance (supramargina: productive 
capacity), as the last part of the definition im- 
plicitly recognizes. 

The connotative flaw arises from insufficient 
distinction between ‘‘agricultural land," 
"cropland," and ''farmland," inviting their 
confusion. Though the Final Report avoids 
equating these different categories, few other 
reports, including several issued by NALS, 
observe the distinction. Rarely, if ever, is 
"farmland'" defined? Тһе  szgriculturalist 
probably equates ‘‘farmland’’ to the 1.05 bil- 
lion acres the USDA and census count as 
“land in farms.” For others it might as easily 
connote the 465 million acres of cropland and 
cropland pasture enumerated by ERS or the 
387 million acres of cropland used for crops in 
1980. Clearly—and unfortunately—the Final 
Report does not clarify the babel of tongues 
about agricultural land. 

Although not emphasized, NALS also re- 
ported on ''prime farmland.” Its Agricultural 
Land Data Sheet includes the 345 million acres 
of prime farmland enumerated in the 1977 
NRI, of which 230 million are cropland. This 
category is simply defined as “the best land 
for farming." The ambiguity of the prime 
farmland concept has been well noted 
(Woods, Smith and Barrows). 


Agricultural Land Conversion 


All of the above might be dismissed as hair 
splitting except for the uses made of the num- 
bers. Two recent sources of statistics on land 
use change were available to NALS—the 1975 
Potential Cropland Study (PCS) and the 1977 


? The Final Report (p. 27) estimates that about 500 million acres 
of federally owned land is ‘‘agricultural land"' (i.e., used for crops, 
grazing, or forests). It then goes on to ignore this huge quantity of 
land, saying: ‘‘The NALS mandate covers the Nation's entire 
1.36 billion acre agricultural land base. . . ." (p. 38). 

3 The following titles provide examples: ‘‘Where Have the 
Farmlands Gone? (NALS pamphlet), “The Protection of Farm- 
land” (a report to the National Agricultural Lands Study from the 
Regional Science Research Institute), ‘Disappearing Farmlands” 
(National Association of Counties Research Foundation) ‘Land 
and Food, The Preservation of U.S. Farmland" (American Land 
Forum). 
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National Resource Inventory (USDA). NALS 
elected to use the PCS as the source of land 
use change data, primarily because different 
enumeration procedures were used in the 1977 
inventory (Brewer and Boxley). Data from the 
PCS indicate that for all categories of what 
NALS defines as agricultural land, about 3 
million acres were converted to nonagricul- 
tural uses annually between 1967 and 1975. 
This formulation poses a '"'bait-and-switch"' 
problem for the unwary. Almost invariably, 
the press and the pamphleteers report this as 
farmland conversion. Lauren Soth, for exam- 
ple, writes: ‘Тһе government's recent Na- 
tional Agricultural Lands Study found that 3 
million acres of farmland are lost to urban 
developments each year.’’* A more lurid ver- 
sion has it: ‘‘In the war between the bulldozer 
and the plow, one million acres of America's 
prime farm land are urbanized each year. ... 
In addition to the prime land loss, we are los- 
ing another two million acres of lesser quality, 
nevertheless productive, agricultural land to 
nonagricultural conversion each year" 
(‘‘Where Have the Farm Lands Gone?” p. 8). 
Another major paper interprets it as: “‘The 
Agricultural Department says conversion of 
actual and potential cropland to nonfarm use is 
at the rate of three million acres a year... 
Wall Street Journal). 

Of the 1.4 billion acres of agricultural land 
defined by NALS, 856 million acres have 
either low or zero potential for cropland (268 
and 588 million acres, respectively). The PCS 
estimates that about 675,000 acres of cropland 
were converted to urban-type uses annually 
between 1967 and 1975. The conversion of 
rangeland, forest, or other land in farms with 
high or medium potential for cropland use was 
not enumerated separately but is estimated to 
have been perhaps 200,000 acres annually. 
Thus, the conversion from the 540 million 
acres ‘‘cropland base” of figure 1 was around 
875 thousand acres annually between 1967 and 
1975. Since it is these 540 million acres against 
which questions of future adequacy are 
judged, the ''loss" by conversion should be 
related to this cropland base rather than the 
essentially meaningless measure of “‘agricul- 
tural land.” 

A related and important issue partially 
explored by the NALS research staff ques- 
tions the appropriateness of past rates of 


4 The author does, however, go on to point out that only 1 
million of the 3 million acres are cropland. 
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change as harbingers of the future (Brewer 
and Boxley). AIl the statistics on land conver- 
sion were generated in a period that differs 
substantially from the present; it is unlikely 
that the pressures for land conversion in the 
1980s will remain the same. We anticipate that 
the 1982 National Resource Inventory will 
shed light on more recent land use trends. 


Potential Cropland 


In 1980, the total amount of cropland used for 
crops (387 million acres) was back at the peak 
quantity reached in 1949. These are not, of 
course, identical acres because U.S. agricul- 
ture experienced major geographic shifts in 
the intervening vears (Horsfield and Land- 
gren). Nevertheless, if food and fiber demands 
materialize in the 1980s as projected, we will 
be moving onto a segment of the supply curve 
for land for which we have no previous obser- 
vations. 

The only estimates of what the source of 
new cropland might be are the Soil Conserva- 
tion Service surveys of 1975 and 1977. The 
1977 NRI estimated that the nation had 36 
million acres of land with high potential for 
crop use and 91 million acres with medium 
potential (fig. 1). The 1975 study found slightly 
less land with high or medium potential (111 
million acres), but the relative proportions of 
high io medium potential cropland was re- 
versed (Diderickson, Hidlebaugh, Schmude, 
p. 5). Unfortunately, the price-cost assump- 
tions zhat went into the construction of these 
estimates were not well-specified. Building on 
some initial work by Robert Otte, Fox and 
Clayton showed that the change in relative 
proportion of high- to medium-potential crop- 
land for the two years was consistent with the 
change in the ratio of the index of prices re- 
ceived to the index of prices paid in the years 
preceding each survey (the ratio was 117 in 
1974 and 97 in 1976». Based on these relation- 
ships, Fox and Clayton then extrapolated a 
supply relationship for cropland under five 
price-cost relationships (p. 74). 

These relationships are vague, as Fox.and 
Clayton note, because they are based on 
neither absolute levels of prices paid or re- 
ceived nor on net farm returns. The point to be 
made is the paucity of well-founded economic 
data for estimating future land availability for 
agricultural production. 
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Future Land Requirements 


Acknowledging the imprecision of measures 
of supply and uncertainty about flow of ag- 
ricultural land services, we move on to the 
demand side of the equation. At the beginning 
of NALS, several major assessments of future 
land requirements were underway (notably 
the program assessments of the Forest Service 
and the Soil Conservation Service, USDA; the 
Globai 2200 report; and at Resources for the 
Future). These assessments were used to pre- 
pare baseline projections in an NALS research 
paper (Boxley). In addition to these projec- 
tions, the Final Report contained year 2000 
forecasts of demand growth, crop yields, and 
plantec acreage requirements based on work 
by O’Brien (p. 52). 

These studies defy easy summarization. 
Suffice to say, the estimates of additional crop- 
land requ red to meet year 2000 demand pro- 
jections at constant real prices range from a 
low of 36 million (Boxley, p. 139) to a high of 
113 millioa acres (Final Report, p. 59). 

The assessments reviewed reveal the fol- 
lowing characteristics: 

(a) In contrast to projections made in the 
1960s and 1970s, recent projections are more 
expansive in estimating demand growth and 
more cons2rvative, or at least more hedged, in 
projecting yield or technology increases. 
Thus, they are less optimistic, or more ''scar- 
city" "-orierted than projections of just a few 
years earlier. A tendency to weigh the recent 
past most aeavily in projecting the future can 
be seen clearly. Whether this is a belated, but 
warranted, adjustment of expectations or an 
overreacticn to the near term remains to be 
seen. 

(b) Most of the projections are based on 
comparativ2-static, constant-price analysis. 
The essence of this analytical technique is, 
first, to calculate the expected future change in 
commodity demand, given certain assump- 
tions about demand shifters deemed most im- 
portant (U.S. and world population growth, 
changes in tastes and preferences, interna- 
tional trade »atterns and policies, and, in some 
models, indation) Second, the expected 


growth in supply owing to increased crop 
yields, productivity, or changing factor com- 
binations o? nonland inputs is calculated. 
Since virt1ia ly every future scenario of recent 
vintage anticipates the rate of demand growth 
will exceed the rate of yield or productivity 
increases, land becomes the equilibrating fac- 
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tor. Thus, the third step of the projection 
technique is to calculate the change in the land 
base (net of ‘‘losses’’ to urban or other nonag- 
ricultural uses) required to restore equilibrium 
between the projected quantities demanded 
and supplied. 

This standard methodology has major short- 
comings. In a market economy, price is the 
principal equilibrating mechanism. Only with 
an infinitely elastic supply of land would the 
real world track the projection. With a less 
than infinite elasticity, the process of equilib- 
rium entails movements along the demand and 
supply curves. As noted above, reliable mea- 
sures of land supply elasticity are unavailable. 
It is neither surprising nor inappropriate that 
predicted land requirements are greeted with 
distrust. 

A further problem with this technique is the 
burden placed on land as the residual equilib- 
rator and, by implication, as the dominant pol- 
icy instrument. With respect to the first point, 
every item in the vectors of demand and sup- 
ply shifters is subject to unceriainty or vul- 
nerability to change. The comparative-static 
nature of the model is inadequate for dealing 
with multiple sources of uncertainty. The 
power-function nature of possible combina- 
tions and permutations of these shifters is in- 
consistent with the conventioral process of 
constructing scenarios to reflect a range of 
possible outcomes. To say that the range of 
possible additional cropland requirements by 
the year 2000 is between 36 and 113 million 
acres is unlikely to strike manv as a reassur- 
ingly precise estimate. 

Reliance on land as the equilibrating factor 
also implies that agricultural land preservation 
is the most important policy instrument for 
dealing with questions of adequacy. It clearly 
is not. The highest estimate of edditional crop- 
land likely to be converted tc urban use by 
2000 is 20 million acres (Boxley. p. 138). A land 
preservation program that could halve that 
rate of conversion undoubtedly would be con- 
sidered highly successful. Yet, the additional 
output from 10 million acres could alterna- 
tively be achieved, for example, with about 
0.2596 increase in the annual rate of growth of 
crop yield, as calculated by O'Brien (Final 
Report, p. 59). 

If the issue is assurance of adequate pro- 
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agricultural land preservation programs on 
aggregate production capacity grounds may be 
ignoring considerable opportunity costs. 


Adequacy of Agricultural Lands 
for the Future 


‘* Adequate” is an elusive concept. If the ques- 
tion is physical adequacy, then most combina- 
tions of numbers (however imprecise) that we 
have discussed in the previous two sections 
suggest that we have a physically adequate 
stock of agricultural lands. But the issue is 
economic, not physical. 

An economically adequate supply may be 
taken to mean sufficient to meet commodity 
demands without imposing significant in- 
creases on the costs of their production. If this 
criterion is employed, the question of ade- 
quacy of agricultural lands for the future has 
important normative dimensions: (a) The cost 
criterion implies normative ‘‘correctness’’ of 
current or traditional production costs. (b) 
Demand growth is normatively unconstrained; 
supply must rise to satisfy it. (c) The choice of 
a time horizon involves normative as well as 
technical choices. Failure to deal with these 
normative matters relegates moral questions 
to the status of technical issues, increasing the 
likelihood of conflict over questions of agricul- 
tural land adequacy. 

Aside from the inevitability of normativism 
in any discussion of adequacy," we are im- 
pressed by the continuing reoccurrence of the 
issue.5 Since the end of World War II, the 
question of natural resource adequacy has 
been repeatedly addressed (Lansburg, Fisch- 
man, Fisher; Smith). Past experience has 
consistently been to overestimate demand 
growth and underestimate supply responses 
(Heady, p. 4). 

Despite the post-World War П record of 
agricultural surplus and the persistent wrong- 
ness of some thirty years of accumulated fore- 
casting experience, the adequacy issue con- 
tinues to reoccur. Why?® And why have the 


5 The question of adequacy of agricultural land in the United 
States is, of course, only a part of the larger limits-to-growth 
debate. As Luten notes, the question of limits of growth and 
optimism and pessimism regarding the human prospect has been 
debated, without consensus, for a good two hundred years (Luten, 
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commissions, studies, and conferences failed 
to lay the issues to rest for more than a short 
period? Luten, in an interesting article, pro- 
poses that the source of the conflict lies in 
differences between social and natural scien- 
tific faiths that cause the former to be eternal 
optimists and the latter to be pessimists. Luten 
argues that the optimists believe in their fore- 
casts and wish them to come true and assume 
that all forecasters, including pessimists, be- 
lieve and wish similarly. The pessimistic 
forecaster, however, has the opposite intent: 
to cause a public to become concerned and to 
persuade it to change its conduct so as to 
avoid a bleak future. Differences evident 
among NALS staff, and in the perspective of 
the two major sponsoring organizations of the 
stucy, would appear to support Luten’s hy- 
pothesis. 

Ir addition to conflicts in scientific faiths, 
the National Agricultural Lands Study was 
subject to another failing: bias toward the na- 
tional accounting stance and quantifiable ob- 
jective functions. This bias, common to argu- 
ments pressing the case for agricultural land 
preservation, often leads to oversimplification 
of complex, multidimensional issues. 

In a recent paper Hite and Dillman speak on 
this issue. They propose that ideology, not 
economics, is at the root of the agricultural 
lands protection movement, and ‘‘the rigorous 
quantitative analysis which is the dominant 
methodological approach of contemporary ag- 
ricultural economics does not lend itself read- 
ily to dealing with questions of values, tradi- 
tions. and national character” (pp. 3-4). 

They continue, observing that ‘Тһе agricul- 
tural land protection issue is not of a single 
piece of cloth: some of the best, and most 
universally felt, reasons for protection have 
little to do with food prices and production 
efficiency; attempis at rational analysis are 
confounded by differences in accounting 
stance (local, regional, national, and world); 
and some of the arguments having the greatest 
emotional appeal are based upon extremely 
weak premises." 


of economists to tackle the issue using the same economic model 
as before but with conviction that this time it will be done ‘‘right.”” 
Beyond -his, however, is the observation that the issue tends to 
wax following wars, natural disasters or, as in the last case, 
economic disruptions—which suggests a tendency to overreact or 
to react with extreme pessimism to bad news. In the case of the 
OPEC ой embargo of the early 1970s, the dire predictions of a 
return to preindustrial agriculture clearly did not materialize and 
the actual adjustments within the agricultural sector have been 
more moderate than many predicted (Heady). 
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In addition to national or global concerns 
about adequate food supplies, Hite and 
Dillman enumerate six reasons for land reten- 
tion programs frequently put forward at the 
local level. Three of these reasons (local 
self-sufficiency, production dispersion, and 
preservation of specialized agriculture) re- 
quire national accounting stance for validity. 
The standard economic model, however, can- 
not address these issues and seldom provides 
support for local planners who would argue 
them. 


Are There Better Procedures? 


We do not have a comprehensive procedure 
for bridging the gap between the social and 
biological science perspectives as identified by 
Luten or for addressing the ideological issues 
raised by Hite and Dillman. In reflecting on 
the National Agricultural Lands Study, how- 
ever, we offer three proposals we think could 
at least advance rational debate in the next 
iteration, which is sure to come. 


Assess Carefully the Irreversibility of 
Land Use Change 


In 1964, Ciriacy-Wantrup wrote about the 
** problem of irreversibility” in relation to pro- 
jections of future social needs. He proposed a 
land-use strategy based on a ''safe minimum 
standard” of present performance specified in 
such a way that maximum possible future 
losses are avoided (p. 257). Wantrup likened 
his proposal to an insurance policy against 
serious losses that resist quantitative mea- 
surement. Rather than maximizing some quan- 
tifiable net gain, the objective is to choose 
premium payments and benefits in such a way 
that maximum possible losses are minimized. 
Two dimensions of Wantrup's formulation are 
pertinent: (a) the existence of an irreversibil- 
ity that makes conversion a present issue for 
land policy, and (b) the balance of program 
costs and benefits. 

Without disputing its existence, we feel the 
irreversibility of land conversion has been ac- 
cepted too uncritically. The common practice 


7 They are: (a) protection of agriculture as an important local 
industry; (b) maintain local food supplies or self-sufficiency; (c) 
provide dispersion of food production to prevent national food 
Shortages: (d) preserve specialized soils and climatic zones; (e) 
p-ovide open space, recreation, wildlife habitat, air and water 
recharge capacity, and aesthetics; and (f) promote orderly growth 
of urban areas. 
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has been to consider all conversions of land to 
nonagricultural uses as irreversible, and, by 
implication, to equate “‘irreversible’’ with ‘‘ir- 
replaceable.’’® 

“Irreversibility” has both physical and eco- 
nomic dimensions. Where true physical ir- 
reversibility threatens, then the relevant issue 
would appear to be ‘“‘replaceability.”’ Al- 
though the existence of unique agricultural 
microclimes are asserted to exist (tart cherry 
orchards on Grand Traverse Bay, Michigan, 
artichokes in California) these would appear 
to be sufficiently rare and localized to warrant 
individual treatment under a regional or state 
accounting stance. 

Economic reversibility rightfully involves 
changes in land use at some future time. This 
requires a complete economic accounting of 
the discounted flow of income during the in- 
tervening years of the converted use as well as 
the discounted cost of future reconversion. If 
the issue is seen as a loss of "critical mass” or 
"agricultural infrastructure," an economic 
accounting is obligated to consider and weigh 
the cost of prospective future obsolescence of 
the present infrastructure against the cost (and 
efficiency) of building a new infrastructure 
when it becomes needed. 

It may be that careful exemination might 
warrant the conclusion that for all practical 
purposes the loss of any land to U.S. agricul- 
ture is irreversible, as the NALS Final Report 
asserts. The point is that сгор.апа irreversibil- 
ity 1s a quantifiable concept that does not have 
to rest on assertion. One irony of the land 

' preservation drive is that society, in seeking to 
prevent land conversion by removing certain 
rights of ownership, may in fact create institu- 
tional or legal barriers that will prove truly 
irreversible, even into perpe-uity. 


Gauge the Opportunity Costs of Agricultural 
Land Preservation 


Another aspect of Wantrup’s ‘‘safe minimum 
standard’ strategy is the weighing of future 
benefit and cost streams. He considered Cali- 
fornia irrigated agriculture and identified as 
"insurance premium” the higher construction 
costs necessitated if urban-industrial devel- 
opment is diverted from the alluvial plains to 


% For example, the executive summary of the NALS Final Re- 
port says: '"The United States has be2n converting agricultural 
Jand to nonagricultural uses at the rate cf about three million acres 
per year. . . . For practical purposes, tne loss of this resource to 
U.S. agriculture is irreversible." | 
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the benches, foothills, or otherwise inferior 
locations. Wantrup concludes: ‘‘There is, 
however, some evidence that, in balance, the 
costs are not too high and are likely to de- 
crease in the future’’ (p. 259). 

Seventeen years later Hite and Dillman re- 
turned to the same theme in another area. 
Asserting that ‘‘our efforts as agricultural 
economists should be focused not so much on 
attempts to estimate the benefits to such land 
preservation as on attempts to estimate its 
costs” (p. 17), they cite a study by Cousins of 
the cost of resorting to second-best industrial 
sites in the Greenville-Spartanburg (S.C.) 
SMSA. Their comments are worth quoting di- 
rectly: 


To our knowledge, however, his are the only num- 
bers we have of what the opportunity costs of pre- 
serving prime agricultural lands might be, and if they 
are at all indicative of such costs, they suggest to us 
that the price tag on protecting prime lands will not be 
low. Indeed, the agricultural use-value, estimated by 
discounting present net farm income, in perpetuity, of 
all the prime lands in Greenville County now oc- 
cupied by industrial plants is only about 8 percent of 
the minimum added site-preparation costs that 
would have been forced upon the industries if they 
had been required to resort to non-prime sites, Before 
the nation or any locality embarks upon an extensive 
agricultural lands preservation program, agricultural 
economists would seem to have an obligation to de- 
termine what the opportunity costs are likely to be 
and make certain the decision makers can gauge just 
how much prime land they can afford to protect. 
(Hite and Dillman, p. 18-19) 


Recognize Limitations of Statistical Measures 
and the Ability to Track Changes 


In Luten's discussion of the Malthusean corol- 
lary, he observes that under conditions of 
compounded growth, it makes little difference 
how accurate the estimates of resource mag- 
nitude are; scarcity is rarely remote and it 
comes abruptly (p. 139). He makes the point 
by retelling the riddle of the lily pond. The 
pond's open water represents remaining 
natural resources. Assume exponential growth 
(so that the water lilies, if unchecked, will 
cover the pond in thirty days) and that one can 
estimate the magnitude of open water only to 
within 10 percent (a generous estimate, Luten 
believes, of attainable precision for measuring 
natural resource stocks). For 25 days, open 
water will not diminish within our ability to 
measure it with certainty; its value remains at 
100 percent. Only on the 26th day does growth 
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approach measurement error (93.75% remain- 
ing open water). On day 27, 87.5% remains; on 
day 28, 75%. Clearly something is happening! 
On day 29, perhaps it becomes clear that there 
is a need to deal with the growth, but there is 
no reason to panic; after all the pond still has 
half of all the open water it ever had (p. 147). 

In a less catastrophic sense, we feel the 
para»le may have applications to the question 
of agricultural lands adequacy. Citizens who 
observe what is happening to rural land 
around them also are aware that similar phe- 
nomena are occurring elsewhere. How accu- 
ratelv are we tracking the aggregate effect of 
all o? the disaggregated land-use decisions? 
Are the SCS statistics on urban land for 1958, 
1967, 1975, and 1977 correct, or are we observ- 
ing only measurement errors? One strong im- 
pression that we carry from the National Ag- 
ricultiral Lands Study is the need to improve 
the ration's systems for inventorying and 
monitoring natural resources. 


Objective Inquiry in Adversarial Settings 


The NALS raises important issues of process 
as well as fact. Can special analyses of agricul- 
tural land adequacy, or other controversial 
policy issues, be assured of objectivity? Many 
interested parties have a stake in the conclu- 
sions and recommendations of such inquiry. 
Payoff can be in the form of expanded bureau- 
cratic turf, larger budgets for particular agen- 
cies, public sanction of particular tools for 
constraining local development, reduced taxes 
on rurél properties, or personal enhancement. 
Absent a strong and neutral oversight body to 
shield researchers and assure that professional 
procedires are followed, their work is vulner- 
able to influence, to misrepresentation in the 
public media, or to being withheld entirely 
from the public. 

Should this occur, the tradition of science is 
to wait until the work of scientists and schol- 
ars elsewhere erodes the credibility of those 
accounts. When there is momentum for politi- 
cal action, this process may take too long. 
Misguided policies, programs, or executive 
orders may result. Procedures for immediate 
repudiation are less well-established. Absent 
effective quality control of accounts of scien- 
tific inquiry, a loss of public confidence will 
rob science of its ability to guide public deci- 
sions. No short-run payoff can compensate for 
such a loss of national steerage. 
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On the Power of Macroeconomic Linkages 
to Explain Events in U.S. Agriculture: 


Discussion 
Robert L. Thompson 


I am very pleased to see a paper on the mac- 
roeconomic setting of agriculture in the 1980s 
on the program. We agricultural economists 
tended to take a provincial sectoral or partial 
equilibrium view of the world until events of 
the early 1970s forced us to recognize that 
there exist some strong linkages between the 
agricultural sector and the rest of the econ- 
omy. We found that agriculture’s small per- 
centage of the gross national product (GNP) 
generated, and of the labor force employed, 
did not qualify it for such partial equilibrium 
treatment after all. Macroeconomists discov- 
ered zt about the same time that they needed 
to worry about agriculture. At the time this 
was realized, no macromodel contained a si- 
multaneous agricultural component, and no 
agricu_tural sector model contained simulta- 
neous links to the macroeconomy except 
through deflated prices. 

Gardner's paper contains basically three 
parts: ‘а) a review of the growing theoretical 
and empirical literature on the links between 
agriculture and the rest of the economy, (5) 
some criginal empirical analysis on the sub- 
ject, and (c) some conclusions and implica- 
tions concerning forecasting in the 1980s. I 
will comment briefly on each of the three sec- 
tions. 

Gardner's literature survey contains a use- 
ful and fairly complete catalog of the literature 
which has begun to grow quite rapidly in this 
area over the past decade. It reveals that much 
of the work done to date on the interrelations 
between agriculture and the rest of the econ- 
omy has had ad hoc theoretical foundations 
for those hypothesized relationships which in 
turn have been confrented with data. Agricul- 
tural economists who began working in this 
area of ‘‘sectoral macroeconomics” were frus- 
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trated when they turned back to their mac- 
roecononxc theory to find that it dealt only 
with a composite aggregate real output of the 
economy, Y, and aggregate price level, P. Any 
differentia! sector impacts of shocks to the 
system were assumed away. Unfortunately, 
Gardner's list of theoretical transmission 
mechanisms that may generate differential ef- 
fects across sectors is rather short. One alterna- 
tive would be that of Shei, who has taken a 
monetary approach to the links between ag- 
riculture ard the rest of the economy, focusing 
on differences in marginal propensities to ab- 
sorb goods from different sectors. This causes 
differential effects across sectors as consum- 
ers attempt to adjust existing real balances 
toward desiced real balances in response to a 
shock to the system. This is but one possible 
alternative, and much more is clearly needed 
to provide more secure underpinnings for em- 
pirical work in the area. 

In reviewing the existing empirical work, I 
agree with Gardner that much of the empirical 
evidence is mot strong, and that the same data, 
appropriately; massaged, can support con- 
tradictory hrpotheses. We clearly have far to 
go in this regard. The empirical work (i.e., the 
regression analysis) presented in this paper 
does provide some interesting perspectives. 
Nevertheless, the specification and estimation 
of such singke-equation regression ''models" 
without fully specifying an underlying struc- 
tural model leaves me uneasy. It is not clear to 
me why ‘И stems unnecessary to strive for a 
fully specifiec model." Without this, the spec- 
ification ends up quite ad hoc, and the basis for 
including or excluding certain variables is not 
clear. 

More problematical is the failure to clearly 
define the hypothesized lines of causality, and 
to delineate clearly which variables are exoge- 
nous and which are simultaneously deter- 
mined with th» dependent variable in the re- 
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gression. To me, at least, it is not attractive to 
refer to inflation or recession as exerting a 
causal influence on agricultural prices. Ag- 
ricultural prices are a component of the gen- 
eral price level and are simultaneously deter- 
mined with all other components. Both re- 
spond to shocks to the system such as a 
change in the money supply. 

If one wishes to estimate the reduced-form 
equation for one endogenous variable, its cor- 
rect specification is clear after specifying the 
structural model. This also would help avoid 
having to resort to terms like ‘‘quasi- 
exogenous.” It is not clear to me that all vari- 
ables on the right-hand side are sufficiently 
exogenous to apply OLS regression in this 
case. Before the present approach is followed, 
it would at least be desirable, following Sims, 
to apply the available tests of exogeneity 
rather than assuming that all right-hand side 
variables are at least quasi-exogenous. 

A couple other points which need to be 
made concerning the empirical analysis: 

(a) The quasi-stepwise regression proce- 
dure in tables 2 and 3 is not terribly appealing. 
If there is such a thing as a ‘‘correct’’ concep- 
tual model underlying the specification, all but 
one of these sets of results suffers from spec- 
ification error and their coefficient estimates 
should be biased. 

(b) In deriving his measure of ‘‘anticipated 
inflation," Gardner assumes ‘‘quasi-rational 
expections," to use Nerlove's term, on the 
part of consumers and employs an ARIMA 
model to generate his measure of anticipated 
inflation. However, there do exist survey data 
collected by Livingston (see Carlson) on ac- 
tual inflationary expectations which could 
have been used. This would have avoided hav- 
ing to make any assumptions about economic 
agent's rationality or quasi-rationality in their 
formulation of inflationary expectations. 

While Gardner's results provide some in- 
teresting insights, I would make a plea for 
more structural modeling of the interactions 
between sectors including monetary linkages. 
Two recent theses—by Shei at Purdue and 
Hughes at Texas A& M—have made starts at 
general equilibrium modeling of these link- 
ages. Shei's work emphasized monetary link- 
ages and Hughes', the financial market link- 
ages. Much more needs to be done. 

Finally, turning to Gardner’s conclusions 
and implications for the 1980s, I do not find the 
evidence nearly as compelling as he does that 
the classical dichotomy between real and nom- 
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inal prices holds. There are very good reasons, 
as he points out early in the paper, to expect 
the effects of monetary shocks on prices to be 
nonneutral across sectors, at least in the short 
run. As Bordo has pointed out, the necessary 
conditions for neutrality to hold aze stringent. 
“If monetary changes were perfectly antici- 
pated—and if all prices were perfectly flex- 
ible and we were to ignore distribution ef- 
fects . . . as well as the effect that the ex- 
pected rate of inflation will have on the real 
rate of interest anc on cash intensive relative 
to other goods . . .—then, the introduction of 
new money would not produce any ‘real’ ef- 
fects" (p. 1089). Furthermore, Barnett re- 
cently applied several causality tests to the 
relation between money supply and the ratio 
of food to nonfood components of the CPI. 
His results showed a significant positive 
causal link from money to relative prices with 
a five-month lag. No causality ran the other 
way (p. 108). He also found strong causal links 
running from money supply to nominal ag- 
ricultural prices and none the other way. This 
goes against those who argue that the inflation- 
ary effect of real shocks, such as a crop fail- 
ure comes from ex post validation of the re- 
sulting price increase by the monetary author- 
ity. 

From the available evidence, I reach the 
opposite conclusion from Gardner—that if we 
utilize agricultural sector models which are fit 
with deflated prices to project real agricultural 
prices and then apply separate projections of 
the overall rate of inflation to ‘‘reflate’’ those 
values, we are destined to miss the mark in our 
nominal price forecasts. Moreover, results 
such as those of Barnett cited above suggest 
that there are some potentiallv serious prob- 
lems with deflating our data series to “‘remove 
the effects of inflation" when doing economet- 
ric modeling, for example. If monetary shocks 
affect nominal prices differently, the analyst 
may actually be perverting the data series by 
deflating by a price index, thereby biasing the 
coefficients estimated from such series. 
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Agricultural Land: Adequacy of Acres, 
Concepts, and Information: Discussion 


Philip M. Raup 


The approach taken in the National Agricul- 
tural Lands Study to the question of the ade- 
quacy of agricultural land is full of hidden 
agendas. Little wonder that the conduct of the 
study generated sharply conflicting interpreta- 
tions of past trends and future prospects. 
Brewer and Boxley’s (hereafter BB) report 
from the trenches of that conflict gains value 
from its immediacy and invites reflection upon 
some of the unresolved issues that haunted the 
study from the beginning. 

A primary concern emerges from the evi- 
dent inadequacy of statistical data on shifts in 
land use. This is illustrated by continuing con- 
fusion in the interpretation of land use data 
when classified as ‘‘rural,’’ ‘‘agricultural,”’ 
“farmland,” and ‘‘cropland.”’ 

The NALS Final Report (р. 2) says "the 
most recent available data show that about 3 
million acres of agricultural land are converted 
each year to urban and built-up uses—of this 3 
million acres an estimated 675,000 acres is 
from the 413 million acres classified as existing 
cropland.”’ 

These data for 1967—75 come from the Po- 
tential Cropland Study, published in 1977 by 
the USDA. That study does not call the 3 
million acres ‘‘agricultural land.” Instead, it 
refers to the converted acres as “‘rural’’ land. 
This improper use of ‘‘agricultural land” to 
characterize rural land is repeated on p. 13 and 
in table 5 of the NALS Final Report. The 
correct figures (from the Potential Cropland 
Study) are again cited in the text, but the in- 
correct use of the designation ‘‘agricultural 
land” is retained throughout the Final Report. 

Since the figure of 3 million acres lost to 
agriculture annually has acquired widespread 
currency, it is important to set the record 
straight. Table 1 shows that the (nearly) 3 
million acres converted annually were *'rural" 
lands, of which 30% was not ‘‘agricultural.”’ 
Only 23% (683,000 acres) came from ''crop- 
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land,” and of that, only 606,000 acres (21% of 
the total) were converted to urban use. The 
National Agricultural Lands Study has intro- 
duced confusion when it could have promoted 
clarity in interpreting admittedly deficient 
land-use data. BB treat this issue, but they 
could have been more emphatic in stressing 
the extent to which cropland losses have been 
overstated by a media and agency preference 
for shocking statistics. We are not losing 3 
million acres of farmland annually, as the 
media now almost universally report. 

A further distortion imbedded in the NALS 
data that BB analyze grows out of confusion 
between the physical and the economic supply 
of land. Data on physical supply are given 
economic interpretation by the use of current 
prices and this generation's tastes and prefer- 
ences. These time-specific data then become 
the basis for long-run projections. The effect is 
to freeze the supply of land in terms of current 
patterns of use. This is contrary to all histori- 
cal evidence. 

This view of the land base has been rein- 
forced by the analytical procedures used to 
project the demand for land. Most of the dis- 
cussion of the adequacy of agricultural land 
has drawn upon partial equilibrium analysis 
for its theoretical support. Much of the argu- 
ment in favor of policy measures to preserve 
agricultural land also reflects a Ricardian view 
of the "natural and indestructible powers of 
the soil." In this view, the supply schedule for 
agricultural land is fixed. In conventional eco- 
nomic graphics, it is a vertical line, unrespon- 
sive with respect to price. 

The significance of the distinction between a 
physical and an economic concept of land 
availability is suggested by the following quo- 
tation from the NALS Final Report. *‘There 
are nearly 14 million acres of prime land in the 
Northeast, more than in either the eight Moun- 
tain states or five Pacific Region states’’ (p. 
20). 

Note the likely influence of proximity to 
markets, accessibility, and related cultural 
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panicked by threats of scarcity. This is the 
background to the National Agricultural 
Lands Study. 

It is regrettable that these hype-oriented 
pressures for spectacular statistics have 
obscured the real problems associated with 
growing competition for agricultural lands. In 
seeking to dramatize the problem, the NALS 
has weakened the credibility of nationally 
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funded research undertakings. This seems to 
be the main lesson to be read out of the 
Brewer-Boxley paper. 
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Modern Agriculture in the Old South 


(Richard A. King, North Carolina Siate University, Presiding) 


Commercial Agriculture in Historical 


Perspective 


W. W. McPherson and Max R. Langham 


Achievement is a pleasant spectacle when it has been made in spite of obstacles. 


Our session title suggests that agriculture in 
the ‘Old South" can be treated as an entity.! 
To do so requires such great generalization 
that one soon realizes that much of what is 
said about modern agriculture in the South can 
be said about other agricultural regions of the 
United States. That is as it should be since 
forces from our political economy which in- 
duce adjustment in southern agriculture are 
also those which affect all agriculture. 

Unique features of the ‘‘Old South” include 
the purpose and organization of the initial set- 
tlements by Europeans and the influence of 
these features on subsequent developments. 
Initial settlements employed systems of in- 
dentured servants and slaves to produce prod- 
ucts for export to Europe. These features have 
made the adjustment problems in the South 
somewhat different and probably more 
difficult than those elsewhere. 

We consider the “‘Old South" to include 
those areas in which the slavery system pre- 
vailed prior to the Civil War. It includes most 
of the states of Virginia, North Carolina, 
South Carolina, Georgia, Alabama, Missis- 
sippi, Louisiana, Arkansas, Tennessee, and 
Kentucky. Parts of Maryland, northern 
Florida, eastern Texas, and central Missouri 
were in the Old South, but are excluded here 
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the Farm Sector, reveal the inter- and intrastate complexity of the 
agriculture of a region that extends across states. 
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for we аге working with data at the state level. 
For convenience, we have also used regional 
data as reported for three of the USDA Farm 
Producticn Regions—Appalachian (West Vir- 
ginia, Vi-ginia, North Carolina, Kentucky, 
and Tennessee), Southeast (Alabama, Geor- 
gia, Sout: Carolina, Florida), and Delta States 
(Arkansa:, Louisiana, and Mississippi). 

We begin with an historical sketch of the 
Old Soutk to provide a background of how 
southern agriculture has been transformed 
from earlv settlements until the 1940s. We 
then look at post-World War II changes and 
conclude vith some speculation about the fu- 
ture. 


Early Settlement 


Attempts to colonize the South in the seven- 
teenth centary were for the purpose of produc- 
ing produc-s for export to Europe—rice, in- 
digo, tobacco, forest products, and cotton. 
*"The typical institutions—servitude, slavery, 
the plantation system, and the credit 
system—were not peculiar to the South nor 
established by the English race" (Gray, p. 
301). Throughout the West Indies, Central 
America, and South America, the French, 
Spanish, Dutch, and Portuguese nations en- 
gaged in the establishment of similar economic 
enterprises under similar institutional sys- 
tems. According to Gray (p. 341), these enter- 
prises were m part the outgrowth of nationalis- 
tic ambitions but were promoted and made 
possible by investors from the nobility, gen- 
try, and bourgeoisie who were essentially in- 
terested in deriving profits from investments. . 
But, these colonial enterprises were unprofit- 
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able largely because of unfamiliarity with this 
new environment and difficulties of communi- 
cation and administration from across the At- 
lantic. 

Land settlement for profit was then at- 
tempted by subordinate associations of 
capitalists. This approach failed also and pri- 
vate plantations followed. These private en- 
terprises ‘‘had the advantage of experience 
with the new environment and the opportunity 
in some cases to acquire at small cost the 
lands, improvements, and equipment of un- 
successful colonizing agencies. With the de- 
velopment of regular trade, the planter was 
provided not only with market outlets for his 
products, but also a means of procuring on 
credit the requisite servants, slaves, and 
equipment” (Gray, p. 341). 


Farming Systems and Agricultural Growth 
to the 1860s 


Traditional farm enterprises included cotton, a 
dominant crop throughout the Old South; to- 
bacco in Virginia, the Carolinas, and parts of 
Kentucky and Tennessee; rice in South 
Carolina and Georgia; and sugarcane in Loui- 
siana. Cotton and tobacco were the major ex- 
ports. Corn was the major subsistence crop— 
it was the primary feed for work animals and 
subsistence livestock and was widely con- 
sumed for food. These crops were highly 
labor-intensive. Estimates of the annual man 
hours per acre for about 180€ and 1840, re- 
spectively, are as follows: cotton, 184 and 135, 
and corn, 86 and 69 (McElroy, Hecht, Gavett, 
p. 3). The use of slaves was a system in which 
landowners were able to acquire labor for 
working areas in excess of what the owner's 
family could cultivate. Hired labor was not a 
feasible alternative since moving to the fron- 
tier and working one's own lard was an option 
for free persons. 

In 1850, the ten states that we include in the 
Old South contained 34% of the total popula- 
tion and 91% of the slaves in the United States 
(U.S. Census Office, p. 248). The U.S. popu- 
lation was 14% slaves compared to 37% in the 
Old South. Among the ten states, slaves as a 
percentage of total state populations ranged 
from 2296 in Kentucky to 5896 in South 
Carolina. 

Labor, obviously, was the limiting factor of 
production during this era. The acquisition of 
additional slaves was a means of rapidly ex- 
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panding commercial output for export to 
Europe so long as additional lands were avail- 
able. By 1860, westward expansion of cotton 
production had moved well into Texas and 
Missouri. While growth in output and wealth 
was taking place, the degree of inequality of 
income distribution also was increasing be- 
cause slaveholders were able to expropriate 
any surplus over bare subsistence produced 
by the slaves. Ransom and Sutch (p. 4) esti- 
mated that the distribution of output on large 
slave plantations in 1859 was as follows: inter- 
est and depreciation on capital, 7.7%; salary of 
management, 3.4%: land rent, 35.796; food, 
clothing, etc. for slaves, 21.726; and expropri- 
ation by slave owner, 31.596. 

Two farm organizational systems were in 
operation: (a) the small one-family farm on 
which the operator and his family provided 
most of the labor, and (b) the plantation on 
which labor was provided by slaves. There 
was a wide range in the sizes of farms worked 
by slaves, from those with a few slaves to 
those with hundreds. One-family farms oc- 
cupied the less productive lands and had 
poorer access to the infrastructure, such as 
transportation, communication, and educa- 
tion. They were largely self-sufficient with 
small quantities of output sold to meet low 
cash expenses. 

The number of slaveholders (319,143) was 
equal to 60% of the total number of farms 
(534,800) in 1860. However, the distribution of 
slaves among slaveholders was highly skewed. 
About 50% of the slaveholders owned five or 
fewer slaves each and, as a group, 10% of the 
total number of slaves. At the other size ex- 
treme, 1% of the slaveholders also held 10% of 
the slaves. 

There have been several attempts to mea- 
sure the economies of scale in cotton produc- 
tion during the slavery period. (See, for exam- 
ple, Ransom and Sutch, pp. 73-78, and Gray, 
pp. 462-80.) There is no reason to believe that 
economies of scale existed beyond very small 
levels of production at the farm level, for only 
simple hand and animal implements were 
used. Economies in ginning would occur up to 
the capacity of a gin unit, and possibly in mar- 
keting and financing up to rather large outputs. 
However, the main factor that contributed to 
the growth of the plantation system was the 
ability of the landowner-decision maker to ex- 
propriate the surplus produced by slave labor. 

The main technological factor that influ- 
enced agriculture in the Old South prior to 
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the Civil War was the invention of the cotton 
gin in 1793, which reduced processing cost 
dramatically and increased farm-level de- 
mand. This event occurred at a time when the 
prices of rice, tobacco, and indigo were declin- 
ing and plantations were facing serious 
difficulties. In 1793, the South produced 10 
thousand bales of cotton and exported 4 thou- 
sand; in 1810 production had increased to 178 
thcusand bales and 124 thousand were ex- 
ported (Vance, p. 42). Production of cotton in 
18€0 was 3.8 million bales. These rather amaz- 
ing increases in production were accomplished 
by employing r-ore labor and traditional in- 
puts on additional acreages of land. Of total 
U.S. production in 1860, the Old South pro- 
duced about 90% of the cotton, 100% of the 
rice, 72% of the tobacco, and 100% of the 
sugarcane. Thus the Old South was export- 
oriented throughout the slavery era. Interna- 
tional forces were also operating on the input 
side as capital markets were based largely in 
England. 


Sharecropping Era, 1860s to 1940s 


Immediately following the Civil War, planta- 
tion owners attempted to reestablish opera- 
tions by hiring freedmen for wages.? How- 
ever, low cotton prices (due to a release of 
cotton stored during the war) and serious 
droughts in 1866 and 1867 resulted in a sharp 
drop in wages paid. These decreases in wages 
ranged from 7% in South Carolina, where 
wages were lowest, to nearly 4096 in Missis- 
sippi (Ransom and Sutch, p. 65). Plantation 
owners and hired workers were displeased 
with the wage labor system and it was very 
rapidly replaced ty the sharecropping sys- 
tem—a system in which both landowner and 
sharecropper had a vested interest in seeing 
the crop through ihe harvest. By 1880 only 
995 of the agricultural land in crops in the 
Cotton South was cultivated in units that 
could be considered plantations worked with 
hired labor (Ransom and Sutch, p. 87). 
Ransom and Sutcà (p. 7) estimated that, on 
the average, a slave who became a sharecrop- 
per had an increase in welfare of 80% to 105% 
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provided an opportunity for ‘‘poor whites” to 
work on the better Jands of the plantations. 
Apparently this opportunity was a superior 
alternative for many white families. In 1935, 
there were 368,406 black sharecroppers and 
347,846 white sharecroppers in the whole 
South. In the Old South, there were 338,000 
black sharecroppers and 279,000 white share- 
croppers. The black sharecroppers accounted 
for 48% of farms operated by blacks and 14% 
of all farms in these states. The white share- 
croppers accounted for 16% of all farms oper- 
ated by whites and 11% of all farms. All tenant 
classes included 4596 of the whites and 7996 of 
the nonwhites. 

Social status was identified with land tenure 
status, from lowest to highest: hired laborer, 
sharecropper, share tenant, cash tenant, and 
landowner, and among landowners social 
status varied directly with acreage owned. 

The sharecropping system reached a peak in 
the early 1930s and began to decline rather 
rapidly in the late 1930s. From 1935 to 1940, 
the number of white sharecroppers declined 
25% and nonwhites 17% as migration from 
farm to nonfarm employment accelerated. 
This labor adjustment was due to acreage al- 
lotments on cotton, tobacco, and peanuts— 
major crops in the sharecropping system—and 
to increasing off-farm opportunities. 

In 1940 there were nearly 22 thousand plan- 
tations (defined as multiple-farm units on 
which 5 or more farm families, including at 
least 1 cropper or tenant family, are regularly 
employed), coritaining 242 thousand farm 
units—11% of all farms (U.S. Dep. of Com- 
merce, 1940). These farms produced 28% of 
Һе cotton harvested. Also, 42% of all farms 
were classified as subsistence farms—defined 
as farms on which production for home use 
was the major source of income. In the re- 
mainder of the United States, 27% of the farms 
were in the subsistence category. 

Throughout the sharecropping period, the 
land per farm family changed very little. The 
production systems for traditional crops of 
cotton, tobacco, and peanuts for cash and 
corn for subsistence were essentially ones in 
which inputs were combined in fixed propor- 
tions of labor, land, mules, plows, hoes, and 
other traditional inputs. The number of mules 
in the Old South began to decline after 1935 
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substitution of tractor power. The introduc- 
tion of tractor power in cotton and tobacco 
production lagged behind its use in grain pro- 
duction. Peak manpower loads in the produc- 
tion of cotton and tobacco occurred during 
harvesting and, in the early stages of mechani- 
zation, tractor equipment that would substi- 
tute for manpower in harvesting was not de- 
veloped. Also real labor costs, related to the 
social constraints on the outmigration of 
blacks (especially discrimination in education 
and lack of acceptance in many occupations), 
lagged in the Old South. The Old South had 
only 7% of all farm tractors in 1930 and 6.3% 
in 1940. However, by the early 1940s farm 
wage rates were beginning to rise faster than 
other costs as the migration of workers from 
sharecropper and other tenant families accel- 
erated. 

With the deterioration in soil Zertility under 
continuous row cropping, the use of chemical 
fertilizers was an important factor. From 1932 
to 1937, 5196 to 5896 of the commercial fer- 
tilizer used in the United States was applied on 
farms in the Old South. 

Cotton acreage and production reached a 
peak in the United States and in the Old South 
in the period 1926 to 1930. This region's share 
of acreage and production between 1911-15 to 
1926-30 dropped from 5796 to 4896 and from 
63% to 57%, respectively. The most rapid in- 
creases occurred in new areas of Texas, Okla- 
homa, and Missouri. The Old South's shares 
increased in 1935-40 as a result of the histori- 
cal base used to calculate acreage allotments 
under the agricultural adjustment program. At 
the same time, the expansion of cotton acre- 
age in California and Arizona was getting 
underway. 

Five-year average yields of lint-cotton fluc- 
tuated from a high of 201 pounds per acre in 
1911-15 to a low of 151 pounds in 1921-25. 
Soil erosion and the boll weevil and later the 
pink boll worm were major factors that af- 
fected yields. The boll weevil entered Texas in 
1892; by 1903 it had spread over most of Texas 
to the Louisiana border; by 1912 it had crossed 
Oklahoma, Arkansas, Mississippi and was 
halfway into Alabama, and by 1922 it covered 
the entire southern cotton belt (Ransom and 
Sutch, p. 173). In Louisiana, Mississippi, 
Alabama, Georgia, and South Carolina, the 
averages of the first four years after infestation 
compared to the four years before infestation 
showed reductions of 27.4% in acreage and 
31.396 in yield (Ransom and Sutch, p. 175). 

Cotton prices were highly influenced by the 
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international market and there were wide fluc- 
tuations. Exports that reached a peak of 10.9 
million bales in 1927 dropped to 3.3 million in 
1939. The 1930-34 price of cotton was 51% of 
1925-29. The price of food grains, which 
dropped by 50%, was the only price that fell 
relatively more than the price of cotton. Thus 
it should not be surprising that the cotton and 
wheat areas were able to achieve a unification 
in political support—they had many prob- 
lems in common, such as being heavily depen- 
dent on the export market, low prices and 
subsequent accumulation of large carryover 
stocks. In 1939, the carryover of cotton ex- 
ceeded annual production for the first time in 
history. 

Tobacco was second to cotton in terms of 
cash income produced in the South. Although 
the average U.S. acreage of tobacco was only 
4% of that for cotton іп 1926-30, the farm 
value of tobacco was 22% of that for cotton. In 
the Old South the income from tobacco rela- 
tive to cotton increased from 17% in 1911—15 
to 32% in 1926—30 and to 61% in 1935-40. Soil 
conditions for tobacco are more restrictive 
than for cotton; the Old South production was 
concentrated in the Atlantic Coastal Plain and 
the Appalachian areas. North Carolina and 
Kentucky continuously produced about 70% 
of the farm value of tobacco from the Old 
South, but their shares have changed because 
of the increased demand for cigarettes relative 
to other uses of tobacco. In 1911-15, Ken- 
tucky produced 43% and North Carolina 28%; 
in 1935-40, North Carolina produced 48% and 
Kentucky 23%. Acreage of tobacco harvested 
increased in all but one five-year period from 
the Civil War until 1926-30. Subsequently, 
acreage was reduced by allotments. There is 
no indication of a trend in yield per acre until 
the reduction in acreage in the 1930s. 

Sugarcane production was essentially lim- 
ited to Louisiana until the late 1920s when 
production was started in Florida. Production 
increased consistently from the Civil War until 
1898; thereafter there were wide fluctuations. 
The peak year between 1870 and 1935 was in 
1904 with 803 million pounds of raw sugar, and 
the low year was 1926 with 96 million pounds. 

Soil, water, and temperature requirements 
limited rice, another one of the early settle- 
ment crops, to a rather small geographic area. 
Early commercial production was mostly in 
South Carolina and Georgia. By 1890, Louisi- 
ana had surpassed South Carolina as the lead- 
ing rice-producing state. Subsequently, as cot- 
ton became more competitive, rice production 
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moved out of South Carolina and Georgia and 
expanded in Arkansas and Texas (Holder and 
Grant, pp. 1-3). 

Peanuts is a more recent cash crop of impor- 
tance in the Old South. In 1933—42, there was 
an annual average of 3.0 million acres planted 
in the United States, of which 1.1 million were 
picked and threshed. Eighty-three percent of 
the total acreage and 89% of the picked and 
threshed acreage were in the Old South; the 
remainder was in Texas and Oklahoma. 

In summary, the early agriculture of the 
South was based on trade. Indeed, plantation 
agriculture would never have developed with- 
out a strong European demand for tobacco, 
indigo, and cotton. Between 1910-14 and 
1936—40, the valve of cotton and tobacco ex- 
ports ranged from 48% of the U.S. total ag- 
ricultural exports in 1921-24 to 66% in 1936- 
40. in 1905-09, 65% of the cotton production 
was exported. This quantity dropped to 40% in 
1935-39. 

Economic forces combined so that agricul- 
ture in the Old South expanded rather con- 
tinucusly from the Civil War until the late 
1920s. In the 1930s, in the face of reduced 
exports and low prices, the Agricultural Ad- 
justment Administration (AAA) played a 
major role in the zeduction of acreages. 

In-he next section we look at agriculture in 
the modern South. There are indications that 
the South's, and indeed U.S., agriculture will 
again face greater dependence on international 
forces and greater risks. 


Modern Era, 1940s to Present 


During the last of the 1930s through the 1960s, 
the Old South and the producers of the 
"basic" commodities (cotton, tobacco, pea- 
nuts, and grains) elsewhere in the United 
States were somewhat insulated from the 
internetional markets via price supports and 
acreage allotments. There was an acceleration 
in changes, especially in the Old South. With 
the development of mechanical power and 
equipment for all operations from land prep- 
aration through harvesting, chemical weed 
control, and decreased supplies and increased 
costs o? labor in agriculture, sharecropping as. 
an institutional arrangement and source of 
labor aad mules as a source of power disap- 
peared in the late 1950s and early 1960s. Thus 
the Old South essentially disappeared. 
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Number and Size of Farms 


The number of farms in the South has de- 
creased more rapidly than in any other major 
region of the United States. During the period 
1950-60, the South lost 4076 of its farms. From 
1960 to 1970, it lost 4896 of those remaining 
(U.S. Dep. of Commerce, 1980, p. 688). By 
1980 there were 626,500 farms in the 10 states 
of the Old South, with an average farm size of 
203 acres. This size compares to 244 for the 
Corn Вей (Illinois, Indiana, Iowa, Missouri, 
and Ohio). 

During the five years 1974-78, farms with 
sales of vnder $2,500 decreased in number in 
contrast with the rest of the United States. 
The largest size group (sales above $100,000) 
increased 48% and the $2,500-$9,999 group 
increased 19%. The data suggest a growing 
bimodal distribution of sizes in both the 
United States and the South. The lower peak 
of the bimodal distribution seems to be form- 
ing at somewhat higher sales levels in the 
South in contrast to the rest of the nation. The 
categories are consistent with a pattern of 
small, pari-time farms supplemented with off- 
farm income and large, full-time farms. This 
pattern is also consistent with the trend of 
more farm family income coming from non- 
farm sources— 5246 during the 1974-79 period 
compared with 31% in 1950 for the United 
States. 


Inputs 


The basic trends in input use in the South 
cannot be distinguished from the rest of the 
nation or, for example, the Corn Belt. Non- 
purchased inputs (mainly land and labor) have 
declined sharply relative to purchased inputs. 
The purchased inputs increased as capital in 
the form of equipment has been substituted for 
labor, and improved seeds, fertilizer, and pes- 
ticides have been substituted for land. The 
index of interest payable per acre in U.S. ag- 
riculture has increased thirtyfold since 1945, 
sixfold since 1967. Some of the increase is due 
to increasec interest rates but most is asso- 
ciated with ncreased capital use. 

Fertilizer 1se per acre (especially nitrogen) 
in the three-region South has been heavier 
than in mest other agricultural regions (USDA 
1981a). This use is associated with high valued 
crops and older, more marginal soils. The ag- 
riculture of zhe South also uses about three 
times as much pesticide and 17% more total © 


McPherson and Langham 


energy per crop acre as the non-South (USDA 
1977, p. 22). It is a high cost agriculture and 
one of considerable risk. As a consequence, 
land used for crops in the South has been more 
variable than in the rest of the United States 
or, for example, the Corn Belt. Cropland mov- 
ing out of production in the mid-sixties sug- 
gests that the southern region has relatively 
more marginal soils than in the rest of the 
country. 

Labor use data in agriculture suggests a 
large release of surplus labor to nonfarm em- 
ployment during the 1950s and 1960s. Labor 
use in the South remains higher per crop acre 
than in the rest of the country: in 1945 versus 
1979, the hours per acre were 68 and 13 in the 
three-region South and 16 and 5 in the non- 
South. The difference is in part due to the fact 
that some crops grown in the South—espe- 
cially tobacco—remain labor intensive and in 
part to smaller average size farms which 
utilize smaller-scaled equipment. 


Output 


Farm output in the Delta region, as defined by 
USDA, has shown more growth than on U.S. 
farms. Growth in farm output in the Southeast 
region has been similar to that for the nation 
and the Corn Belt; the Appalachian region has 
lagged other regions. Since 1945, acres of 
corn, cotton, peanuts, tobacco, and hay have 
decreased. The acres planted to corn and har- 
vested for hay declined as animal power de- 
clined. Corn acreage in the Old South de- 
creased from 25.3 million in 1934—43 to little 
more than 7 million in 1978. Cotton acreage 
declined largely because of a comparative ad- 
vantage in the Southwest. The newly devel- 
oped mechanized power and equipment and 
chemical weed control was much better 
adapted to the large irrigated farms in Califor- 
nia and Arizona, the large farms in Texas and 
Oklahoma, and the Delta areas than to the 
rainfed, smaller, and, frequently, hilly farms in 
the Southeast. In the Old South, cotton has 
been reduced essentially to the Delta areas. 
Georgia, the ‘‘heart’’ of the Old South with 4.8 
million acres of cotton in 1911-15, had only 
111 thousand acres in 1978. Peanut and to- 
bacco acreage declined in large part because 
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increased and the acreage of timber on south- 
ern farms has declined. In terms of produc- 
tion, peanuts, soybeans, and wheat have in- 
creased while corn, cotton, and tobacco have 
declined (USDA 1980). 

Indexes of farm output indicate that live- 
stock output has grown more rapidly in the 
South than crop output. This result is in con- 
trast to what has happened in the United 
States in general and in the Corn Belt. Cattle, 
poultry, and egg production have been the big 
gainers. Hog numbers are down over early 
post-World War II years and milk production 
has declined 40% over the past thirty years. 


Productivity 


The Old South has an image of a poor agricul- 
tural region of small farms. This image derives 
in large part from the sharecropper era and the 
plight of the **Cotton South" during the boll 
weevil infestation. The index of farm produc- 
tivity indicates that the agriculture of the Mis- 
sissippi Delta has outperformed U.S. agricul- 
ture and that of the Corn Belt in terms of 
relative change. The Southeast and Appala- 
chian regions have performed about the same 
as the Corn Belt and the country in general 
(USDA 1981b). 

Yield increases of crops of primary impor- 
tance to the South and the fertilizer use data 
suggest a progressive innovative agriculture; 
for example, peanut yields in Georgia have 
increased by a factor of 4.8 since 1945. Cotton 
yield in Mississippi have increased by a factor 
of 1.9, and tobacco yields in North Carolina 
have increased by 1.8. Although not directly 
comparable, soybean and corn yields in Il- 
linois have increased by factors of about 1.8 
and 2.8, respectively, during the same period, 
and cotton yields in California have increased 
by a factor of 1.5. 

The Old South has made considerable prog- 
ress but it still contains many poor farmers. 
There are in all regions great interfarm varia- 
tions and this is perhaps more true in the 
South than in other regions. Small farms in 
terms of acreage mean a relatively low equity 
base. On 1 January 1979, the equity per farm 
in the South was only 2596 that of the average 
farm in the remainder of the U.S.— $85,300 

i is low resource 
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Low net returns mean less funds for invest- 
ment purposes, and the cycle of relatively 
small units is perpetuated. 


Institutional Factors 


In terms of human capital investments, the 
South remains behind. In 1976, about 57% of 
the population above eighteen years of age 
gracuated from high school in the South com- 
pared to 67% in the United States. Expendi- 
tures in public schools per pupil are relatively 
low and only Virginia ranks in the upper half 
of the states on the basis of expenditure per 
pupi: in average daily attendance (U.S. Dept. 
of Commerce 1980). 

Earlier we suggested that the agriculture of 
the South was a relatively high risk enterprise, 
and ‘we agreed with Schuh that risks in U.S. 
agriculture are increasing. Historicallv, the 
South has effectively used agricultural pro- 
grams to maintain or increase income and to 
reduce risks. A greater proportion of cash re- 
ceipts plus value of home consumption in the 
South came from government payments dur- 
ing the fifties and sixties than for agriculture 
outside the South. In 1945 and since 1975, this 
proportion in the South was lower than in the 
non-South. 

We hasten to point out that government 
payments are an imperfect measure of net ef- 
fectiveness in the use of policy. The South 
also has been placed at a disadvantage by pol- 
icy. Perhaps the best example was when the 
Southwest was able to obtain public invest- 
ments in water project development which en- 
abled that region to obtain a comparative ad- 
vantage in cotton production. The distribu- 
tional aspects of this policy are particularly 
disturbing because the advantage went to large 
farms at the expense of small farms. 

The body politic of the South has recog- 
nized a payoff to policy and developed power 
by exp.oiting the tenure system in Congress. 
Tobacco politics stand cut. The result is a 
contradiction in policy, with the USDA en- 
couraging production at a time when tobacco 
use is being discouraged by the Department of 
Health and Human Services. 

There is evidence that the agricultural sector 
in the South is exercising power in state legis- 
latures to obtain funds for research and exten- 
sion act:vities. For example, in 1979, the state 
appropriations in Arkansas, Louisiana, and 
Mississipi for extension work and for state 
agriculttral experiment stations reported re- 


Amer. J. Agr. Econ. 


search exceeded appropriations in the mid- 
western states of Ilinois, Iowa, and Missouri. 
Collectively, the three southern states out- 
appropriated the three midwestern states by 
30%. On a per farm or per capita basis, the 
South out-appropriated the midwestern states 
by a factor of 3. 


Concluding Remarks 


Agriculture today is characterized by a set 
of increasing international linkages. These 
strengthened linkages are most apparent in the 
commodity markets. Indeed, one only has to 
look at U.S. agricultural exports, which have 
grown to the $40 billion range, to be amazed at 
this rapid development during the last decade. 
Schuh has argued effectively that changes in 
the national and international financial mar- 
kets are also increasing the number and 
strength of ties between the agriculture and 
nonagricultural sectors in an international 
arena. 

Schuh also has argued that growing inter- 
dependencies between agriculture and nonag- 
ricultural sectors have increased risks in ag- 
riculture and that national and international 
economic policies will do more to condition 
what happens to agriculture in the future than 
will traditional commodity programs. 

While the international arena is now looking 
more like the pre-1930s era, the position of the 
Old South has changed. In 1935—40, cotton 
and tobacco accounted for 66% of the total 
value of farm exports. These two crops ac- 
counted for little more than 10% of the total in 
1978, and a much smaller share of the cotton 
was produced in the Old South. 

Every agricultural region has its problems, 
but in addition to problems that face agricul- 
ture in general, the South perhaps experiences 
more biological risks than many other parts of 
the nation because of its warm, moist climate 
which is attractive to pests, and, except in the 
Delta, because of its older, more leached soils. 

There probably will be some further migra- 
tion of farm labor to nonfarm employment. 
But as many persons seek less congestion, and 
in many instances a warmer climate in which 
to live, labor markets are created which pro- 
vide nonfarm employment for resident farm 
labor. We expect this market for surplus farm 
labor to become an increasingly important 
mechanism for adjustment and labor migration 
that requires moving to an urban setting, less 
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important. This adjustment mechanism will 
increase further southern agriculture’s inter- 
dependence with the nonfarm sector. 

Population migration to the Sun Belt has 
placed greater demands on the indigenous re- 
source base in parts of the South. In these 
places, water, noise, space, and nonpoint pol- 
lution problems will occur increasingly at the 
interface of the farm and nonfarm sectors. 
These trends, too, will add to risks in southern 
agriculture as migration to the Sun Belt con- 
tinues. 

Agriculture of the South effectively used 
commodity policies from the 1930s to reduce 
price and income fluctuations. What happens 
to its agriculture in the 1980s will, by and large, 
depend on the technological and institutional 
mechanisms which are created to accommo- 
date adjustment to its more risky environ- 
ment. It may be that expected net income to 
farmers will increase sufficiently to make ele- 
ments contributing to risk seem less impor- 
tant. This may be the case if the international 
demand for food shifts faster than new tech- 
nology and resources can shift supply. In re- 
cent years, such a scenario seems more realis- 
tic than it did in the mid-1960s. If relative food 
prices increase, U.S. consumer interests may 
take a more explicit role in agricultural policy 
issues. U.S. consumers may find it to their 
advantage to encourage policies that increase 
agricultural output internationally as well as at 
home. 
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Changes in the Black Community 


Paul L. Wall 


The Division of Behavioral Science Research 
at Tuskegee Institute is concluding a followup 
investigation of Charles S. Johnson’s classic 
study of southern rural blacks, entitled 
"Shadow of the Plantation." The study was 
published in 1934. The area selected for study 
was Macon County, Alabama—one of the 
"black belt" counties which historically 
formed the region of cotton culture in the 
Sou:h. It is also the county in which Tuskegee 
Institute is located. The results of this study 
provide the base line data for our current re- 
study of the same area almost fifty years later. 

At the time of the original study, the planta- 
tion system, under which blacks had lived for 
generations, was seen as a sick and dying in- 


stitution, unable to compete successfully with: 


other cotton-raising areas in the world market. 
The blacks who were the subjects of the study 
were seen as folk people. Given these concep- 
tualizations, Robert E. Park, in his introduc- 
tion to Shadow of the Plantation, proposes a 
conceptual framework which guided the 
study: 


It has been observed that as long as their social 
institutions are functioning normally, primitive 
реор.е ordinarily exhibit an extraordinary zest in the 
life they lead, even when that life, like that of the 
Eskimo in the frozen North or the pigmies in the 
steaming forest of Central Africa, seems to be one of 
constant privation and hardship. 

On the other hand, when some catastrophe occurs 
which undermines the traditional structure of their 
society, they sometimes lose their natural lust for life, 
and tkat euphoria which enabled them to support the 
hardships of the primitive existence frequently de- 
serts them. (p. xiii) 


The demise of the plantation system was 
seen as one such catastrophe. A recurring 
theme in this original work is the loneliness, 
the apathy, and the monotony of life observed 
among the black tenants who lived in relative 
isolation on the plantation and farms and who 
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were so completely dependent upon their land- 
lords. 

The study is based on 612 families located in 
eight settlements in Macon County. These 
families represented about 10% of the black 
population in the county in 1930. The eight 
settlements were neither political nor adminis- 
trative divisions. In their isolation, they rep- 
resented communities to which the people felt 
they belonged and where "they lived almost 
within sight of the passing world, dully alive, 
in an intricate alliance with a tradition which 
has survived the plantation itself" (p. 12). 
Johnson's essential observation in his study is: 


. that the Negro population of this section of 
Macon County has its own social heritage which, in a 
relatively complete isolation, has had little chance for 
modification from without or within. Patterns of life, 
social codes, as well as social attitudes, were set in 
the economy of slavery. 

. . . The strength and apparent permanence of this 
early cultural set have made it virtually impossible for 
newer generations to escape the influence of the pat- 
terns of work and general social behavior transmitted 
by their elders. 

. . . It is unquestionably the economic system in 
which they live, quite as much or even more than the 
landlords, that is responsible for their plight (p. 16). 


With respect to the people, Johnson ob- 
serves not one but nine types of family struc- 
ture: stable old families; families with strong 
maternal dominance; female heads; male 
heads of transient families; stable nonlegal 
unions; nonagricultural families; stable legal 
unions; disorganized legal unions; stable 
familes with advanced standards. This range 
of social groupings was viewed as atypical if 
the family as a universal pattern is defined as 
consisting of father, mother, and their chil- 
dren. Furthermore, the family was seen as 
matriarchal in character (p. 29). 

With respect to the economic life of the 
community, it was essentially agricultural, 
with the occupation of almost every member 
of the community old enough to work being 
that of farming. While there were indeed black 
farm owners and black farm managers, the 
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vast majority of blacks worked as tenant farm- 
ers and farm laborers. 

With respect to shelter, the dwellings that 
were available to tenant farmers presented a 
dreary monotony of weatherworn cabins. The 
physical form varied little; there were few al- 
ternative models available to stimulate interest 
in anything else. 

With respect to education, Johnson ob- 
serves that literacy is not not an asset in the 
plantation economy. Reading and figuring 
carry elements of danger to established rela- 
tionships. The tradition that an education was 
unnecessary persisted strongly. However, the 
younger generation at the time of the study 
saw education for their children as an escape 
from their own dismal economic plight. But 
the costs associated with education of the 
children made the odds formidable ones. 

About 25% of the male heads of households 
were illiterate and about 20% of the 579 
women heads—either joint or sole—were illit- 
erate. Almost 50% of the male heads were 
“bare literates,’’ i.e., they had had from one 
to five years of schooling. Whea education is 
related to income, it is obvious that the more 
economically successful families were those 
who were neither illiterate nor possessed more 
education than the system required or was 
allowed. 

These brief references to some of the salient 
observations made by Johnson and his col- 
leagues in 1930 reflect the then current exter- 
nal pressures on the plantation system itself. 
Johnson concludes that ''the fate of the tenant 
is but an aspect of the fate cf the southern 
farmer generally, and the plight of all of those 
await a comprehensive planning, which affects 
not merely the South but the nation” (p. 212). 

Any investigation seeking to trace out social 
change requires as a starting point not only 
base line data but the identification of sources 
of change as well. Johnson observes in 1930 
that changes were occurring slowly and that 
they could be observed and measured. He in- 
cludes as sources of cultural penetration into 
the community, the school, the church, the 
influence of people educated outside the 
community, return migrants and exposures to 
extension and demonstraticn programs in 
health and agriculture (p. 209). The latter 
largely eminated from Tuskegee Institute. 

In our current restudy, two types of changes 
occurring in the area since 1930 have been 
identified: ^ political/legal changes and 
technological/material chang2s. 
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Among the political/legal changes are the 
penetrations into the area of larger forces as- 
sociated with such efforts as the New Deal 
programs, resettlement efforts as, for exam- 
ple, those associated with launching TVA and 
the establishment of model farming com- 
munities of the ‘‘40 acres and а тше” type. In 
Macon County, some of these efforts were 
successful while others failed. World War II 
not only provided cultural exposures for the 
eligible males far beyond the isolated limits of 
these rural settlements but also benefits for 
those returning as veterans in relation to hous- 
ing and education. More important, this expo- 
sure provided them a heightened awareness of 
prevailing social injustices and the stimulus to 
redress them. 

The case of Brown vs. Topeka, Kansas in 
1954 eventually resulted in the closing of the 
one- and two-room rural schools, the emer- 
gence of a consolidated county school system 
as wel as a system of private, white 
academies which thwarted efforts aimed at 
achieving racial integration of public schools. 

In 1957, Alabama Legislature Senate Bill 
$291 became law. It was designed to limit 
political participation of blacks by eliminating 
from the City of Tuskegee through gerryman- 
dering, approximately 3,500 black citizens. It 
would eliminate 400 of the city's 409 regis- 
tered black voters. This effort to disenfran- 
chise rural black citizens was ruled unconsti- 
tutional four years later in February 1961, 
in Gomillion vs. Lightfoote. 

Three years later, in 1964, the impact of 
Mrs. Rosa Parks' refusal to relinquish her seat 
on a public bus to a white passenger sparked 
the mounting discontent of blacks of their po- 
sition in a segregated society—not only in 
Alabama but across the nation. 

The 1960s were the years of the Great Soci- 
ety, which ushered in the creation of social 
programs within Macon County that were to 
change many patterns of living among the 
rural black citizenry. 

Other observable changes of the techno- 
logical/material type included an enormously 
improved county road system, the exposure 
to mass culture through the medium of tele- 
vision, the availability of rural electricity, pro- 
pane gas, indoor plumbing, public health fa- 
cilities, improved housing, and the automo- 
bile. 

Concurrently, the loss of farm land own- 
ership among blacks continuted to increase 
while the economic base of the state, in gen- 
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eral, and Macon County, in particular, shifted 
frem reliance on a single staple crop— 
co:ton—to reliance on more diversified ag- 
ricultural efforts including soybean production 
and cattle raising. 

The decade of the 1970s has been heralded 
as a decade of change for rural America. Em- 
ployment opportunities expanded and 
broadened, a reversal occurred in the long- 
time trend of гота! outmigration, and techno- 
logical advances in transportation and com- 
munication transformed rural life. During this 
decade, considerable progress was made in 
the quantity and quality of public facilities and 
services available to rural people. Despite this 
progress, rural America continues to lag be- 
hind urban America in social and economic 
well-being as observed in such diverse prob- 
lem areas as education, health, nutrition, 
unemployment, civil rights, land retention, 
and the list continues. 

It is true that the annual growth rate of rural 
areas has averaged about 1.3%—exceeding 
the rate of growth in urban areas by more than 
40%. Rural emplovment is growing and diver- 
sifying with new jobs being created at a faster 
rate than in urban areas. Rural America is 
growing, but too many rural residents have 
failed to benefit from that growth. A dispropor- 
tionate share of the nation’s poor still lives in 
rural areas and virtually all of the nation’s 
persistently poor counties are rural. Addi- 
tionally, a disproportionately large number of 
lower income rural residents are blacks, His- 
panics, or Native Americans. 

In general, the achievements of blacks dur- 
ing the 1970s have been difficult to assess. It 
has been observed that sharp differences exist 
between white and black views regarding the 
quality of life of blacks in America. 

In а 1980 Gallup Poll, 75% of whites 
thought that during the past decade the quality 
of life for blacks had gotten better, while 45% 
of blacks thought it had remained about the 
same or gotten worse. Proponents of the 
"dramatic improvements thesis" rely on in- 
come and occupational data to support the 
notion that more blacks are now comfortable 
members of the middle class. Yet, Vernon 
Jordan of the National Urban League pro- 
vides a competing assessment: 


For black Americans tie decade of the 1970's was a 
time in which many of their hopes, raised by the civil 
rights v.ctories of the 1950's, withered away; a time in 
which they saw the loss of much of the momentum 
that seemed to be propelling the nation along the road 
to true equality for all its citizens. 
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In our society, advancement is ultimately 
measured in terms of earned income and, by 
extension, jobs. 

And tais brings me to опе of the most sig- 
nificant patterns that is emerging in the analysis 
of the data in our restudy of rural blacks in 
Macon County, Alabama. 

Our semple consists of 199 families and in- 
cludes socioeconomic data on about 3,000 in- 
dividuals. Over half of these families lived in 
still-existing communities that were included 
in the original study. 

With respect to employment, 50% were un- 
emploved, about 27% were retired or disabled, 
about 17% were employed full-time, and about 
396 were employed part time. 

While there was greater diversity in the 
range of occupations, 21% of the men were 
farm labcrers and 25% of the women were 
farm housewives. The remaining occupations 
could be classified as service workers, textile 
workers and nonfarm laborers. 

With respect to income, over 70% earned 
less than 53,000 annually. 

In 1959, the total median family income for 
the State >f Alabama was $3,927; in 1969, it 
was $7,262; and in 1975, it was $11,785. How- 
ever, wher these figures are broken down by 
race, the tlack to white median income ratio 
revealed that in 1959, blacks earned 4296 of 
what whites earned; in 1969, 49% and in 1975, 
58% of what whites earned. 

This inecuality seems to be a persistent pat- 
tern in the state, and there is no indication that 
the ratio wal differ significantly when the 1980 
Census is published. 

Fifty yezrs after Johnson's observations, 
the plight pf these rural black families in 
Macon County, Alabama is stil] awaiting the 
comprehensive planning which he concludes is 
needed—not merely for them, but for the rural 
South and the nation as a whole. Any effort at 
comprehensive planning must address the in- 
equality inherent in these persistent, systemic 
economic forces. 
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Deregulation and Its Consequences for Agriculture 
(Orlo Sorenson, Kansas State University, Presiding) 


Impacts of Regulatory Change on Financial 
Markets for Agriculture 


Peter J. Barry 


The beginning of the 1980s is a landmark in 
U.S. financial markets because of changes in 
the regulatory environment thet mark this 
time. Especially important was passage of the 
“Depository Institutions Deregulation and 
Monetary Control Act of 1980" (DIDMC). 
Also under consideration is liberalization of 
geographic restrictions on banking and further 
modifications of regulations for financial in- 
stitutions. Other issues specific to financial 
markets for agriculture include passage of the 
Farm Credit Act Amendments of 1980, a more 
conservative role for government credit pro- 
grams, and outside equity financing in the farm 
sector. 

My purposes here are to evaluate the possi- 
ble consequences of regulatory change for ag- 
ricultural finance and to consider implications 
for research and policy. The regulatory envi- 
ronment of the financial services industry is 
reviewed with emphasis on debt capital for 
agriculture. Specific regulatory issues then are 
analyzed, including the distribution of finan- 
cial services among farm lendezs and between 
private and public channels. 


Financial Services and Regulations 


The major services provided by financial mar- 
kets include (a) an efficient payments mecha- 
nism for transactions, (b) a means of allocat- 
ing and bearing risks, and (c) an intermedia- 
tion system for channeling savings into in- 
vestment. The intangible nature of these ser- 
vices and related financial assets requires 
confidence, trust, and stability among the 
markets’ participants in order for financial 
markets to function effectively. Accordingly, 


Peter J. Barry is a professor of agricultural finance at the Univer- 
sity of Illinois. 

The author gratefully acknowledges the review comments and 
suggestions provided by C. B. Baker, Michael Boehlje, John Hop- 
kin, and George Irwin. + 


these markets experience considerable regula- 
tion for purposes of safeguarding savers and 
investors, standardizing instruments and prac- 
tices, modifying competition, responding to 
imperfections and gaps in financial services, 
and providing for effective monetary policy. 
Regulations take many forms: restraints on 
geographic expansion, as in branching and 
holding company regulations; mandatory 
specialization in some services (housing or 
farm lending, transactions accounts); portfolio 
diversification through reserve and capital re- 
quirements, loan limits and asset allocations; 
interest rate controls on deposits and loans; 
special borrowing privileges; fair trade prac- 
tices; and public programs for credit and in- 
surance. 

Regulations yield many positive effects, as 
intended. However, they also may impose 
substantial costs on participants in financial 
markets as changes occur in economic, social, 
and institutional conditions. Inequities can 
arise that discourage savings, impede flows of 
funds, and destabilize fund availability from 
some intermediaries. Achieving equitable reg- 
ulations among different intermediaries is 
difficult. High costs of compliance cause lower 
efficiency of intermediation. Regulations also 
have induced financial innovations to circum- 
vent government policies, thus further distort- 
ing and destabilizing financial markets. 

When these costs of regulations become ex- 
cessive, as is the case in recent years, the 
stage is set for substantial regulatory change. 
Numerous conditions have prompted the cur- 
rent changes. Included are disintermediation 
problems associated with high inflation and 
interest rates, increasing competition among 
financial institutions, new entrants to the 
financial services industry, new electronic 
technologies in funds flows, changing methods 
of implementing monetary policies and attri- 
tion of banks from the Federal Reserve Sys- 
tem, and disadvantages of small savers. 
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in financial markets for ‘agriculture, the 


stresses brought by these conditions, along: 


with strong growth in farm debt, have fallen 
mostly on smalier banks that are heavily in- 
volved in farm lending and on their farm and 
farm-related borrowers (Barry; Hughes et al.). 
About half of total farm loans at commercial 
banks are held by 6,000 or so banks with total 
assets less than $100 million, in which farm 
loans comprise more than 25% of total loans. 
Moreover, the nearly 13,000 of these small 
banks hold more than 70% of total farm Joans 
at tanks. These banks rely heavily on local 
markets for sources of loan funds and have 
experienced losses of deposits in times of ris- 
ing interest rates. Their growth in loan de- 
mand has frequently exceeded growth in lend- 
ing capacity, and they are especially vulnera- 
ble zo changes in local farm income condi- 
tions. These concitions have caused periodic 
stresses in bank liquidity, large swings in fund 
availability, and increased financial risks for 
farmers. One indicator of these stresses is the 
sharp decline in banks' share of total non-real 
estate farm debt from a high of 52.2% in 1974 
to about 38.396 in 1981. 

In contrast, other major farm lenders, like 
the Cooperative Farm Credit System (FCS), 
the U.S. government, life insurance com- 
panies, and many merchants and dealers, are 
large in size, regional or national in scope, and 
organized to obtain nonlocal sources of funds 
for rural markets. Among these, FCS has be- 
come the dominant lender in farm credit mar- 
kets, holding more than 3096 of total farm 
debt, with federal land banks showing strong 
growth in real estate debt. Shares of total 
non-real estate farm debt held by government 
through the Farmers Home Administration 
(FmHA), Commodity Credit Corporation 
(CCC), and Small Business Administration 
have also grown rapidly, totaling about 2296 in 
1981, up from about 5% in 1974. 

The strong growth in farm loan demand, 
along with substantial variability in farm in- 
comes, have severely tested rural financial 
markets as channels through which agricul- 
tural banks generate funds. These conditions 
heighten the need for access to nonlocal 
sources of funds, especially during times ad- 
verse to farm income. However, agricultural 
banks have had much difficulty in developing 
this access. Instead, nonlocal funds, from 
government loan programs especially, have 
flowed abundantly іо agriculture in recent 
years, thus shifting the balance to heavy re- 
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liance on public channels. In this light, the 
regulatory changes that are occurring will 


-have: profound implications for relationships 


among farm lenders and for the provision of 
financial services to agriculture. 


The 1980 DIDMC Act 


The 1980 DIDMC culminated a decade-long 
process of regulatory review by various com- 
missions, congressional debate, and the finan- 
cial services industry (Federal Reserve Bank). 
Major elements of the act include the imposi- 
tion of uniform Federal Reserve requirements 
on similar classes of reservable liabilities at all 
depository institutions, provision for the or- 
derly phase-out by 1986 of interest rate ceil- 
ings on deposits, nationwide authorization of 
interest-bearing transaction accounts, tempo- 
rary preemption of state usury laws on certain 
types of loans, immediate increases in federal 
insurance coverage on deposits and accounts, 
more liberal investments and lending limits of 
thrifts, and requiring the Federal Reserve to 
price competitively its individual services and 
grant all depository institutions access to these 
services. 

Preliminary appraisals indicate that the 1980 
act should have the greatest impact on smaller 
banks which have greater problems in fund 
availability and less flexibility in balance sheet 
management (Miller). Smaller agricultural 
banks, especiallv, should gain loanable funds 
from reduced reserve requirements and should 
eventually be able to compete more equitably 
for savings funds in local markets, especially 
when interest rates are high. Pressure to inno- 
vate in acquiring local funds will be lessened 
during these periods with more market- 
oriented pricing on loans, services, and 
sources of funds. 

If, however, more equitable access to local 
deposits comes at much higher interest costs, 
then smaller banks will be hard pressed to 
compete in farm lending, even if profit margins 
are lower because of greater competition. 
How much the cost of funds will increase as 
the DIDMC phases in is difficult to foresee. 
Federal Reserve data show that a relatively 
high portion of agricultural banks’ costs of 
funds already reflects market factors from 
growing use of money market certificates and 
30-month certificates of deposit, both having 
ceiling rates indexed to yields on U.S. gov- 
ernment securities. Recent studies also indi- 
cate that community banks have held their 
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profit margins through the stresses of 1979-80 
and are adjusting successfully to interest- 
bearing transaction accounts as did New Eng- 
land banks earlier. But, the case could differ 
for agricultural banks that compete with other 
farm lenders like FCS and the federal govern- 
ment. 


Structural Change in Banking 


Conditions now are favorable for significant 
structural changes in the geographic structure 
of banking. Federal laws about tanking struc- 
ture reflect an historic concern about undue 
concentration of economic power, competi- 
tive equality between state and national 
banks, and state sovereignty in setting restric- 
tions. These concerns are expressed in the 
McFadden Act, which prohiktits interstate 
branching and reserves intrastate branching 
policies to each state; and in the Douglas 
Amendment to the Bank Holding Company 
Act of 1956, which prevents bank holding 
companies from buying or establishing out- 
of-state subsidiaries unless authorized by the 
states. The result is a diverse set of state lim- 
itations on branching and holding companies. 
A presidential task force has comprehen- 
sively studied the effects of these regulations, 
and in a 1981 report to Congress concluded 
that the McFadden Act and the Douglas 
Amendment are “increasingly ineffective, in- 
equitable, inefficient, and anachronistic, and 
that the existing de facto system of interstate 
banking should be ratified and further 
liberalized through a phased relaxation of cur- 
rent geographic restraints’ (U.S. Treasury 
Dep., p. 17). The Report recommends a 
phased liberalization to avoid serious in- 
stabilities, initially modifying the Douglas 
Amendment and later the McFadden Act. 
The report is based on research findings that 
liberalization (a) could improve competition in 
local markets without significant increase in 
undue concentration of economic power; (b) 
would increase the range of firancial services 
inlocal communities; (c) woulc improve bank- 
ing performance through greater actual and 
potential competition; (d) does not sig- 
nificantly threaten the viability of small banks, 
the safety and stability of the banking system, 
or dual chartering; and (e) would create more 
equitable competition betweer bank and non- 
banking institutions. Anticompetitive behav- 
ior resulting from geographic liberalization 
should be offset by greater reliance on anti- 
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. trust laws, increased potential competition 
from other banks, and growing nonbank com- 
petition. -— 

The report’s research findings indicate that 
smaller, independent banks historically have 
withstood competition from new bank com- 
petitors, albeit with the pro-competitive ef- 
fects of lower prices for services and lower 
earnings. Evidence is cited that unit banks in 
statewide branching states use more of their 
resources for loans than do similar banks in 
unit banking states and that average returns on 
total assets decline with increasing bank size, 
are highest in unit banking states and lowest in 
statewide branching, and are higher for banks 
in non-SMSAs. Factors explaining the survi- 
val and prospering of small and medium size 
banks faced with large, branch bank competi- 
tion include their location in rural or nonmet- 
ropolitan markets where earnings are higher 
and competition apparently less, their compet- 
itive pricing of necessary services often 
through correspondent arrangements, loyalty 
of customers, and innovations in operations 
and policies. These factors are consistent with 
earlier views that rural unit banks have made 
important use of mechanisms designed to cope 
with problems in financing farmers (Brake and 
Melichar). 


Farm Credit Act Amendments of 1980 


Passage of the Farm Credit Amendments cul- 
minated a long legislative process that yielded 
new insight on the competitive pressures in 
farm credit markets. Major provisions in the 
act, designed to update and improve the oper- 
ation of FCS, include (Wilkinson): (a) au- 
thorization for Banks for Cooperatives (BCs) 
to finance agricultural export activities benefit- 
ing U.S. cooperatives; (b) reduced require- 
ments in farmer-member eligibility in certain 
cooperatives financed by BCs; (c) provision of 
Federal Land Banks (FLB) and Production 
Credit Associations (PCA) to finance more 
fully the processing and marketing activities of 
eligible borrowers; (d) expanded limits for 
FLBs on loans guaranteed by a federal or state 
agency; and (e) increased cooperation be- 
tween FCS, commercial banks, and other 
lenders. 

Most of these changes should have rela- 
tively minor effects on financing in the farm 
sector; however, impacts on nonfarm financ- 
ing may be greater depending on FCS re- 
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sponses to the first three provisions. The in- 
creased cooperation with commercial banks 
involves further development of loan partici- 
pations between banks and PCAs, and new 
authorization for participations between FLBs 
and banks. Significant revisions also occurred 
in the authority for Federal Intermediate 
Credit Banks (FICBs) to loan to or discount 
loans from other financing institutions (OFD, 
including commercial banks, through direct ar- 
rangements or agricultural credit corpora- 
tions. The statute now clearly indicates that 
FICB services are to be reasonably available 
to OFIs that (а) are significantly involved in 
agricultural or aquatic lending, (6) have lim- 
ited access to regional or national capital mar- 
kets, (с) have continuing need for supple- 
mentary funds for agricultural and aquatic 
lending, and (4) do not use FICB services to 
expand other types of lending. These revisions 
are intended to put OFIs in essentially the 
same position as PCAs in their ability to use 
FICE services. 

Hew commercial banks will respond to 
these revisions is uncertain, although FCS an- 
ticipates an expanded use of loan participa- 
tions and OFI discounting as regulations for 
these programs are formulated. The develop- 
ment of FICBs in 1923 was to provide rural 
banks with new funds by discounting their ag- 
ricultural loans. Because FICBs were little 
used by banks, Congress authorized the estab- 
lishment in 1933 cf PCAs who were also to 
obtain loan funds from FICBs and who would 
later gain ownership and control. 1971 legisla- 
tion also allowed PCAs to participate with 
banks on agricultural loans. The volume of 
OFI Ciscounting and bank participations has 
remained low, amounting in 1980 to about 
4.5% of FCS outstanding non-real estate debt. 
Thus, the renewed interest by commercial 
banks in using FCS as a source of loan funds, 
expressed in part bv debate on the 1980 act, is 
set against a long history of relatively low use 
by barks and differences among the FICBs in 
their willingness to consider OFI relation- 
ships. 

In a broader context, the debate on the 1980 
act brought to light substantial differences in 
the regulatory environment for commercial 
banks and the FCS that influence their com- 
petitive balance in farm credit markets (Webb, 
Barry). Included among these differences 
were the effects of income tax obligations, 
ranges of financial services and borrowing 
clientele, legal reserve requirements and lend- 
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ing limits, geographic restrictions, stringency 
of regulation and supervision, and access to 
national financial markets. It is especially 
difficult, however, to evaluate competitive 
equality among depository and nondepository 
institutions using similar evaluative criteria 
when these institutions also serve different 
clientele and provide different services. 


Government Credit Programs 


The recent growth in government's farm lend- 
ing has softened the impacts of volatile credit 
markets and variable farm incomes on the 
farm sector. However, much concern has sur- 
faced about special credit treatment in agricul- 
ture, the proper balance between public and 
private sectors, the degree of subsidy in- 
volved, and the resulting tax burdens. Also 
important are the kinds of farmers involved 
and the relationships with commercial lenders. 
A recent study indicates that larger propor- 
tions of funds in FmHA's Economic Emer- 
gency Program went to farmers with relatively 
large net worths and strong income potential 
than occurred in the traditional FmHA loan 
programs (Hughes et al.). Thus the actual or 
potential availability of loan funds on conces- 
sionary terms from the government encour- 
ages farmers to use or to become eligible for 
these programs, attracts customers away from 
commercial lenders, and discourages partici- 
pation of some lenders. Some observers (Lee, 
Gabriel, Boehlje; Benjamin) suggest the past 
structure of farm credit markets, including the 
prominence of government programs, has re- 
sulted in overfinancing of the farm sector, thus 
constraining resource adjustment, shifting risk 
bearing to the government, and capitalizing 
the effects of concessionary financing terms 
into higher values of land and other farm as- 
sets. 

The new administration has sought to re- 
duce the magnitude and subsidy in FmHA 
programs and largely return its role to a lender 
of last resort. Besides the high taxpayer cost 
of government programs, these changes are 
also based on stronger financial performances 
anticipated for the farm sector and more mod- 
erate growth in farm debt than occurred in the 
late 1970s (Hughes, Barry); expanded use of 
new Federal Crop Insurance Programs for di- 
saster protection; more effective use of loan 
guarantees in private credit programs, tailored 
to beginning farmers or other target groups; 
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and greater innovation by commercial lenders 
in acquiring loan funds and in countering busi- 
ness and financial risks in agriculture. In con- 
trast, credit supplied by CCC likely will not 
change much. Their programs represent a 
sophisticated financial control system that 
combines buffering of price fluctuations for 
many commodities with valuable liquidity and 
flexibility for farmers in marketing their crops. 


Implications for Financial Markets and 
Farmers 


Less extensive involvement by Government in 
the 1980s should enhance farm lending by pri- 
vate sector lenders, especially if long term 
farm income conditions remain favorable. 
Moreover, the 1980 DIDMC should enable 
smaller, agricultural banks to compete more 
equitably for savings that have been channeled 
away from local markets. However, competi- 
tion among depository institutions will in- 
crease from the expanded authorities of the 
thrift institutions. Costs of funds and interest 
rates on farm loans should remain high and 
volatile, reflecting closer integration of local 
and nonlocal markets, greater use of price ver- 
sus non-price responses by lenders, and con- 
tinued implementation of monetary policies in 
terms of monetary aggregates. Agricultural 
banks that experience high, more volatile 
costs of funds along with vulnerability to local 
farm conditions will have strong competition 
from FCS lenders. Intense price competition 
will occur in some cases, nonprice competi- 
tion in others, and participation or discounting 
arrangements in still others. {f competition 
and high costs of funds severely depress bank 
operating margins, the press for bank mergers 
and large size will increase. In any case, 
smaller banks will continue to need reliable, 
cost effective access to nonlocal sources of 
funds. Liberalization of geographic restric- 
tions on banking may offer greater flexibility 
for tapping nonlocal funds, and also yield 
pro-competitive effects on bank performance. 

Evaluating the impacts of these regulatory 
changes on performance of financial markets 
and intermediaries is a rich setting for new 
research. Especially important are innova- 
tions in pricing and funds acquisition, evaluat- 
ing the impacts of geographic liberalization on 
farmers and other borrower groups, and 
exploring the differences between banks and 
nonbank lenders of the loan-deposit feedback 
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phenomenon and its impacts on pricing poli- 
cies, terms of competition, and market shares 
as regulations change. Moreover, interest 
rates should become a stronger determinant of 
farmers’ loan demand and choice of lender. 
Banks and PCAs, for example, traditionally 
were considered to be in segmented markets 
(Thompson). The narrow spreads between 
their farm loan rates until the late 1970s meant 
farmers’ loan decisions were largely based on 
nonprice factors, with banks benefitting from 
strong reliance on interest-free demand de- 
posits. As table 1 shows, these spreads on 
gross loan rates have changed sharply 
(Webb). The wider spread in favor of FCS is 
attributed to banks’ growing reliance on 
higher-cost time deposits with variable ceiling 
rates. Moreover, the FCS practice of pricing 
loans with variable rates that are adjusted pe- 
riodically for changes in average costs of 
funds, the average maturity of which likely 
exceeds banks’, moderates the pace and mag- 
nitude of their rate changes. 

Differences between lenders in rate compo- 
sition are also important. Table 2 indicates 
average costs of money, lending costs, losses 
or loss provisions, taxes, and earnings per 
loan dollar for banks and FCS lenders in 1979. 
Bank data are from the functional cost analysis 
reports on commercial and agricultural loans 
of 349 banks with total deposits less than $50 
million. FCS data are from annual reports for 
425 PCAs and 12 FLBs. The data are not 
strictly comparable because of differences in 
accounting methods, types of loans, loss 
treatment, tax omissions for banks, omission 
of stock and deposit balances, and other fea- 
tures of the deposit relationship. Still, they 
show important differences for these lenders. 
Costs of money were a lower proportion of 
total lending costs in 1979 for banks than for 
PCAs. Operating costs per loan dollar were 
higher on average for banks, although substan- 
tial differences occur among some PCAs. 

The largest difference in rate composition 
between bank and FCS lenders is in earnings 
rates. The before-tax return on Joan assets for 
the reporting banks averaged 3.02% in 1979, 
equivalent to a 34.6% before-tax return on 
equity for these banks’ ratio of equity to total 
assets. In 1979 banks could sustain these 
favorable earning rates while remaining com- 
petitive with PCA rates on farm loans because 
of differences in their costs of money. Sharp 
increases in banks’ money costs along with 
their need or desire to keep earnings rates at 
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Table 1. Interest Rates on Farm Loans from Banks and Farm Credit System Lenders 
Non-Real Estate 
Loans Real Estate Spreads 
Large Other Banks Banks Banks 
Banks Banks PCAs FLB (Other)-PCA (Large)-PCA (Other)-FLB 
1950-59 (average) 6.5 6.4 4.1 0.1 0.1 2.4 
1960—69 (average) 7.0 6.9 5.2 0.1 0.1 1.8 
1970—76 (ауегаде) 8.4 8.3 6.9 0.1 0.1 1.5 
1977 I 8.3 8.9 8.2 8.5 0.7 0.1 0.4 
II 8.1 8.9 8.1 8.4 0.8 0.0 0.5 
III 8.4 8.9 7.9 8.3 1.0 0.5 0.6 
IV 9.1 9.0 8.0 8.3 1.0 1.1 0.7 
1978 І 9.3 9.1 8.4 8.2 0.7 0.9 0.9 
II 9.6 9.2 8.7 8.3 0.5 0.9 0.9 
III 10.4 9.3 9.0 8.3 0.3 1.4 1.0 
IV 11.7 10.0 9.2 8.4 0.8 2.5 1.6 
1979 I 12.5 10.4 10.0 8.7 0.4 2.5 1.7 
TI 12.8 10.7 10.6 9.0 0.1 2.2 1.7 
П 12.9 10.9 10.9 9.3 0.0 2.0 1.6 
n 16.2 13.1 11:0 9.3 2.1 5.2 3.8 
1980 1 16.0 13.7 12.1 9.8 1.6 3.9 3.9 
II 18.5 17.1 13.8 10.6 3.3 4.7 6.5 
ш 12.8 13.7 13.4 10.6 0.3 —0.6 3.1 
IV 16.3 15.3 12.2 10.3 3.1 4.1 5.0 
1981I 19.9 17.5 13.1 10.6 4.4 6.8 6.9 


Source Melichar and Wzldheger. 


earlier levels appear to explain the widening 
spread in farm loan rates. Hence, banks’ abil- 
ity tc sustain their positions in farm lending 
under current conditions rests on several fac- 
tors: reductions in earnings, provision of other 
financial services, nonprice factors including 
gains from the loan-deposit feedback, price 
discrimination between farm and nonfarm 
loans, and farmers' responses to different 
levels and volatilities of rates. 

The current financial environment also 


brings new considerations about the funds- 
generating capacity of rural markets, with em- 
phasis on banks' access to nonlocal funds. The 
needs for this access—overline loans, sea- 
sonal factors, liquidity pressures—continue 
despite the recent regulatory changes. A re- 
cent symposium gave an in-depth look at ''Fu- 
ture Sources of Loanable Funds for Agricul- 
tural Banks" through correspondent banking, 
“he federal government, the Federal Reserve 
System, the Farm Credit System, banking in- 


Table 2. Interest Rate Composition on Farm Loans 








Commercial Bank Production Federal 
$0 to $50 mill. Deposits Credit Assoc. Land Banks 
Cost components 
Cost of money 5.90 9.04 7.46 
(intzrest, noninterest) 
Operating expenses? 1.61 1.21 .51 
Losses ог loss provision® 32 .62 .20 
and taxes 
Net earnings 3.02 _ 96 84 
Gross yield 10.35 11.83 9.01 
Yield components 
Interest 10.70 10.71 8.65 
Other income or adjustments 45 38 36 
Patronage refund, FICB -74 








з Operating expenses for incividual PCAs ranged from .36 to 3.62. 
^ Net 10525 for reporting banks; loss provision and federal and other income taxes for PCA and FLB. 
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novations in balance sheet management, and 
forming a new intermediation system for 
groups of banks. Preferences appear strong for 
developing funds access through commercial 
channels either by more reliable corre- 
spondent arrangements, joint ventures, or 
other types of direct access to national and 
secondary markets. However, a strong 
paradox is emerging in that the most stable, 
efficient, cost-effective, and  farm-related 
source of funds for agricultural banks likely is 
the Farm Credit System, which also is re- 
garded as the main competition in farm lending 
for these banks. 

The future may bring increasing need for 
policy makers to come to grips with relation- 
ships between FCS and banks in intermediat- 
ing funds to agriculture. Regulatory differ- 
ences cited earlier warrant further study. 
Moreover, stronger demand by banks for OFI 
discounting and loan participations would in- 
crease and destabilize FCS' own needs for 
funds, thus jeopardizing their relatively un- 
constrained access to the national financial 
markets, especially in current times of short 
maturities on financial assets. However, de- 
signing a new national intermediation system 
for agricultural banking seems to duplicate 
needlessly FCS facilities unless it accommo- 
dates a broader range of loans. 

The recent banking legislation also had no 
impact on banks' legal lending limits, which 
often constrain the capacity to finance fully 
their most valued farm customers. New poli- 
cies could be considered to preempt limits on 
farm loans that are protected by commercial 
or public insurance. Smaller banks could then 
avoid being compelled by regulation to involve 
other lenders or decline large loan requests. 

Further innovation within banking of new 
financial instruments, institut ons, secondary 
markets, and loan practices should help re- 
solve the funding problems. Research can play 
an important role in monitoring new develop- 
ments, evaluating their feasibility, considering 
regulatory schemes, and analyzing market 
performance. Modeling procedures and empir- 
ical measurement techniques also are suited to 
evaluating flows of funds ir local markets, 
loan-deposit relationships, local business ac- 
tivity, and individual intermediaries (Boehlje, 
Harris, Hoskins). Outside equity financing in 
agriculture also warrants further attention. 
Some parts of agriculture have long attracted 
outside equity through direct investment, lim- 
ited partnerships, common stock and agency 
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services, with their appeal resting on profit 
potential and tax sheltering of high incomes. 
Newer channels are associated with foreign 
investment, pension funds, life insurance 
companies, and equity participation loans 
considered by some lenders. The low inci- 
dence of regulation for these channels could 
change in the future with important implica- 
tions for the structure of agriculture and its 
financing. 

Evaluating the impacts of financial regula- 
tions on the farm sector also provides a rich 
agenda for future research. Farmers should 
find farm credit markets more in the hands of 
private and cooperative lenders who will com- 
pete more vigorously for their market shares. 
High levels and volatility of interest rates will 
continue to bring high financial risks in the 
farm sector, although rate variability should 
partially displace the past variability of fund 
availability from agricultural banks. Differen- 
tial loan pricing among farm customers should 
increase to reflect more fully their credit and 
liquidity risks and lending costs. Skills in 
liquidity and risk management must improve 
in response to added risks in financial markets 
and curtailment of credit reserves from gov- 
ernment programs. 

Impacts on the distribution of debt capacity 
among different sizes and types of farms will 
depend strongly on their relative skills in risk 
management. Larger operations likely will 
continue to show favorable performance, al- 
though management and entrepreneurship will 
be more crucial than government programs. 
Further growth in size, specialization, and 
capital intensity of farming operations should 
impact on the structure of financial institutions 
by further concentrating farm loan portfolios 
and favoring the risk bearing advantages of 
larger, geographically dispersed lending in- 
stitutions. For banks, the pattern of agricul- 
tural financing may follow closely the evolving 
structure of agriculture with larger farming 
operations seeking larger agricultural banks. 
Finally, in aggregate analysis, changes in 
interest rates resulting from forces in national 
markets, public policy, and the general econ- 
omy should become more prominent deter- 
minants of capital investment and productivity 
in agriculture. 
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Impacts on Agriculture of Deregulating the 
Transportation System 


Marc A. Johnson 


The term ‘‘deregulation,’’ used in reference to 
surface transportation, is a useful, one-word 
slogan representing a significant increase in 
commercial freedom for the transportation in- 
dustries. However, the term does not imply an 
institutional shift from the current, regulated, 
common carrier structure to a completely un- 
regulated, competitive market structure. 
When constructing the Staggers Rail Act of 
1980 and the Motor Carrier Act of 1980, Con- 
gress had no intention to terminate surface 
transportation regulation. The intent was to 
loosen the grip of government rules, allowing 
carriers and shippers to responc more fully to 
opportunities available in an increasingly 
competitive market environment. 

The purpose of this paper is to assess the 
likely effects of transportation regulatory re- 
form on transportation opportunities of ag- 
ricultural shippers and rural communities. 
This purpose requires consideration of three 
topics: (a) criteria for maintaining economic 
regulations, (b) tests of agricultural transpor- 
tation markets against the criteria for regula- 
tion and (c) the legislated regulatory changes. 
This approach also will provide implications 
for the effects on agriculture of complete 
transportation economic deregulation. 


Criteria for Regulation 


Transport regulation in the Urited States de- 
veloped along with public utility regulation. A 
public utility is considered an ‘‘essential’’ in- 
dustry with a tendency toward monopoly. As 
such, utilities are publicly sanctioned and sup- 
ported as virtual monopolies, protected from 
competitors in return for public-spirited ser- 
vice. The public utility approach has created a 
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transportation system based on the protected 
common carrier, including all railroads and 
most for-hire motor carriers. 

The common carrier structure is charged 
with raising rate levels above cost, distorting 
relative transport rates, creating associated 
resource waste and yielding miserably low 
productivity growth in the transportation in- 
dustries (e.g., Caves, Christiansen, Swanson; 
Friedlaender; Levin 1978; Moore; Spann and 
Erickson; Stigler). However, proponents of 
regulation anticipate monopoly abuses in a 
free market structure. Criteria for maintaining 
regulations are discussed next to provide a test 
of these conflicting views. 

Regulation is the exercise by the state of the 
power to prohibit or compel actions by per- 
sons or firms. Three theories have been devel- 
oped inductively to explain why the state 
exercises regulatory powers. First, the public 
interest theory suggests that the state inter- 
venes to protect the public from market 
power. Second, the public finance theory ar- 
gues that the state finances ‘‘worthwhile’’ pro- 
jects through cross-subsidy where the market 
otherwise would fail (Posner). Thus, criteria 
for maintaining transport regulation are to be 
found in market power and market failure. A 
third theory, capture theory, states that rent- 
seeking industries capture the ccercive power 
of the state to protect cartel arrangements, 
i.e., to protect market power (Buchanan, 
Stigler). Capture theory is important because 
railroads and motor carriers have been iden- 
tified as cartels protected by regulation 
(Moore, Spann and Erickson, Stigler). How- 
ever, the theory offers no criteria for maintain- 
ing regulations. 


Market Power 


Market power in transportation may arise 
when only one feasible shipment alternative is 
available. This may occur in industries with 
decreasing long-run average costs where con- 
solidations are continually justified or when 
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traffic volume will support only one carrier, 
leaving shippers captive to that carrier 
(Seneca). Thus, criteria for regulation of mar- 
ket power are two: (a) evidence of decreasing 
long-run average cost over the relevant output 
rangs of transportation industries and (b) a 
lack of more than one shipper alternative for a 
significant number of shippers in the long run. 

Fist, the decreasing cost hypothesis can be 
rulec out. Trucking has been shown to be a 
slightly increasing cost industry after account- 
ing for capacity utilization factors (Koenker, 
Moore, Spady and Friedlaender). The mini- 
mum average cost of operation lies at an an- 
nual output level near six to eight million 
ton-miles, suggesting economy in trucking 
firms with 2 to 5 tractor-trailers. Economies in 
trucking come not from firm size but from the 
capacity utilization achieved with longer hauls 
and heavier loads. Strictly limited entry has 
left acquisition and merger as the only viable 
means to achieve longer hauls, therebv forcing 
mergers beyond efficient firm size to achieve 
economies of utilization (Spady and Fried- 
laender). 

Whether railroading is a decreasing or con- 
stant cost industry is unclear from empirical 
studies (Harris). However, Spann and 
Erickson have shown that railroad firm behav- 
ior prior to the Interstate Commerce Act was 
not representative of a decreasing cost indus- 
try. Also, a recent empirical study reveals that 
railroads, like trucks, have an average cost 
which is largely determined by capacity utili- 
zation factors (Harris). Traffic density is a 
major determinant of average cost; operating a 
given amount of traffic over a larger network 
raises average cost. 

While the decreasing cost criterion for regu- 
lation can be discarded, cost studies show 
clear efficiencies in capacity utilization. One 
should look for impediments to capacity utili- 
zation which represent barriers to achieving 
least-cost operations. 

The second potential source of monopoly 
power is where either traffic density is low 
enough to support only one feasible carrier or 
access to more than one carrier is restricted. 
This is the ‘‘captive shipper” problem consid- 
ered critical by some (Shaffer, Breimyer). The 
criterion for regulation in this case is the com- 
petitiveness of trensportation alternatives. 
Competition is the lack of supplier control 
over price and is reflected in price elasticity of 
demand for freight services faced by particular 
transport firms. 
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Market Failure 


The second motivation for regulation is to 
prevent market failure. This may occur if 
transportation is largely a public good or if 
transportation markets yield externalities. 

Public goods are those which are nonexclu- 
sive in consumption and have zero marginal 
cost of production. Highways and waterways 
have problems with exclusion. But this is a 
user charge and taxation issue. There is no 
problem excluding shippers from the means of 
conveyance. The zero marginal cost criterion 
of public goods also is not realistic in transpor- 
tation. Marginal cost in operations would be 
zero only in the case of persistent excess 
capacity, which would not occur in an unin- 
hibited market (Johnson and Pasour). Thus, the 
public good criterion for regulation is irrele- 
vant for the operating segments of transporta- 
tion industries. 

Externalities might be another source of 
market failure where transportation influences 
are (a) beyond the direct concern of carriers 
and shippers and (b) incapable of being ac- 
counted for by side contracts between carriers 
and indirectly affected consumers. Examples 
given of transportation externalities include 
local economic development potential, popu- 
lation settlement patterns, fuel conservation, 
and employment effects (Shaffer). The cross- 
subsidy approach to handling externalities in- 
volves two problems: (a) identification of a 
true externality and (b) the relative ability of a 
centralized agency to perceive costs and pref- 
erences. 

Identification of a true, Pareto-relevant ex- 
ternality is not possible if one accepts the real- 
ity that transaction costs are nonzero in con- 
tract negotiation (Dahlman). Access to the 
ability to bargain allows carriers and consum- 
ers of indirect transportation products to con- 
sider the benefits and costs of a contract which 
would internalize the effects, e.g., a state 
highway department subsidizing a rail branch 
line to prevent road deterioration anticipated 
with traffic diversion to trucks. If the parties 
are free to negotiate and a contract is not 
struck, this implies not the persistence of ex- 
ternality but the inadequacy of anticipated ben- 
efits to cover anticipated costs of negotiation 
and carrying out a contract. Parties may make 
mistakes due to imperfect information, but 
this is a part of the entrepreneurial decision 
process. For an outside observer to identify a 
no-contract situation as evidence of persistent 
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Pareto-relevant externality is to say that the 
outside observer thinks he knows more about 
the risks, opportunity costs, and preferences 
of the participants than the participants them- 
selves do. The roles of government are to es- 
tablish initial rights and to insure the ability to 
bargain. 

If the inability to identify externality were 
not enough, consider the relative ability of a 
central authority to accumulate enough infor- 
mation to solve one if found. A central author- 
ity must undertake considerable investigations 
to understand the situation and the interests 
involved in an indirect products case, and 
even then, be left incapable of accurately es- 
timating opportunity costs and preferences 
(Hayek, p. 524). Also, having to start each 
case without prior knowledge of specific, local 
circumstances makes it difficult for a central 
authority to render timely decisions which 
permit rapid adaptation to constantly changing 
market environments. | 

The criterion for regulation to prevent mar- 
ket failure is the presence of market restric- 
tions on bargaining between carriers and non- 
shippers. When bargaining is prevented, ex- 
ternalities may persist even in the presence of 
low transaction and operational costs. 


The Criteria Applied to Agriculture 


Three criteria for regulation have surfaced in 
the preceding discussion: (a) impediments to 
capacity utilization, (b) competitiveness of 
transportation alternatives, and (c) restric- 
tions on bargaining. Agricultural transporta- 
tion markets can be evaluated against these 
criteria by mode of transport. Opponents of 
“deregulation” have supplied two hypoth- 
eses: (a) that market barriers to entry and 
capacity utilization will leave rural com- 
munities without adequate truck service, and 
(b) that insufficient competitive shipper alter- 
natives exist to protect agricultural com- 
munities from railroad monopoly behavior. 


Rural Truck Service 


There is evidence that rural communities are 
being served rather well by trucking services 
in spite of, rather than because of, common 
carrier obligations, and that market barriers to 
entry and capacity utilization are not as great 
as regulatory barriers. The experience of tem- 
porarily exempting fresh dressed and frozen 
poultry and frozen fruits and vegetables from 
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truck regulation during the 1950s is an 
exemplary controlled experiment on the price 
effects of ‘‘deregulation’’ (reported in Moore, 
p. 59). During the period of exemption, truck 
rates on fresh poultry, frozen poultry, and fro- 
zen fruits and vegetables dipped an average 
33%, 36%, and 19%, respectively. A recent 
survey of the exempt livestock trucking indus- 
try shows that service prices are very near 
USDA-budgeted cost estimates (Hoffman, 
Boles, Hutchinson). Despite near-cost prices, 
these firms had the following characteristics: 
an average life of eighteen years, average 
capacity utilization in a seasonal business of 
94,000 miles per year per vehicle, and an eco- 
nomic average firm size of five tractor-trailers. 

Free entry of firms into an industry encour- 
ages a competitive environment which affects 
service quality as well as prices. A recent sur- 
vey of livestock shippers shows that shippers 
are generally complimentary of service qual- 
ity; only 20% of the market has gone to private 
carriage (Boles). Based on several survey 
studies, Allen concludes that the quality of 
less-than-load service to rural communities is 
due chiefly to the fill-in services of the United 
Parcel Service and contract and private car- 
riage rather than to the fulfillment of common 
carrier service obligations. 

There appear to be neither economic nor 
marketing advantages which would give large, 
national carriers an advantage over local car- 
riers in providing local, rural transportation 
services. In fact, free entry and removal of 
specific authority restrictions on commodities, 
routes, and service points will tend to create 
lower general rates, a broader variety of rate- 
service alternatives responsive to shippers’ 
specific logistical demands, and enhanced 
capacity utilization (Johnson and Tyng; U.S. 
Senate, pp. 124-28). 


Rural Rail Competition 


The public interest view holds that railroads 
are regulated to prevent abuse from 
monopolistic practices. However, five catego- 
ries of empirical studies provide strong evi- 
dence that there are close substitutes for the 
services of particular railroad companies, pro- 
viding both intermodal and intramodal compe- 
tition. These studies relate to evaluations of 
(a) rail line abandonments, (b) seasonal rail- 
road rates, (c) rail-barge competition, (d) 
fresh fruit and vegetable rail demand, and (e) 
interrailroad competition. 
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The first groug: of studies evaluates the ef- 
fects of rail abandonments on the grain econ- 
omies of the Midwest and the Plains (Baumel, 
Miller, Drinka; Berglund and Anderson; 
Johnson; Larson and Kane; Tyrchniewicz and 
Tosterud). Although in a few cases portions of 
lines studied are marginally viable, the maxi- 
mum abandonment alternative is usually the 
most efficient because there are less costly 
transportation alternatives. These alternatives 
include trucking. truck-rail and truck-barge 
combinations, ard truck assembly at subter- 
minals for subsequent unit-train shipment. 
These studies suggest that on rail lines of low 
density, cross-subsidy inherent in rail mainte- 
nance is the only force inhibiting economic 
adjustment of the grain collection and fertilizer 
distribution system. In fact, there is evidence 
that removal of regulatory protection on lines 
can stimulate adjustment and growth (Miller, 
Baumel, Narigor.). 

Seasonal railroad rate feasibility studies, 
conducted in Oklahoma and North Dakota, 
found that grain traffic would not be smoothed 
by seasonal rates because shipment alterna- 
tives did not permit rail rates to rise 
sufficiently to encourage additional storage 
construction (Shouse and Johnson; Wilson, 
Hvinden, Cosgritf). Both studies assume his- 
torical elevator patronage and uniform rail rate 
increases, prohibiting consideration of inter- 
railroad competition. In Oklahoma, localized 
owr-price elasticities of demand for rail ser- 
vices during the harvest period ranged from 
—1.02 to —3.7 (Shouse and Johnson, p. 23). In 
North Dakota, regional railroad demand is in- 
elastic (—0.629) with an elastic cross-price re- 
lationship with truck service (Wilson, Hvin- 
den, Cosgriff, pr. 37-39). 

Railroad-barge competition is effective over 
a broad territory. The truck-barge alternative 
offers competitive rates (equal or below rail 
rates) for wheat shipment from the entire state 
of Kansas, excerpt for the southwestern coun- 
ties (Babcock, Johnson and Mennem). Barge 
competition also effectively limits rail rate in- 
creases for Kansas wheat moving to eastern 
flour mills, and truck competition limits rail 
rate increases for Kansas flour to numerous 
consumer markets (Babcock). In the Pacific 
Northwest, the rrice elasticity of truck-barge 
grain demand is estimated to range from — 1.27 
to —5.20, and cross elasticities of truck-barge 
demand with respect to rail rates are estimated 
to range from 1.46 to 5.30 (Logsdon). 

Fruit and vegetable transportation studies 
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on the West Coast also support the contention 
that competitive transportation alternatives 
exist for agricultural commodities. Truck and 
rail services demanded for movements of 
western fresh cherries and apples have modal 
demands which are own-price elastic with 
mutual cross-price elasticities with other 
modes which are positive and greater than 
unity (Miklius, Casavant, Garrod). Early evi- 
dence on the effects of exempting fresh fruits 
and vegetables from rail regulation two years 
ago shows that rail rates fell, rail volume and 
market share increased, and considerable rail- 
road management activity has been devoted to 
creating rate-service options to compete in the 
cross-country fresh produce transport market 
(Manalytics, Inc.). 

The last group of studies is the most con- 
vincing in support of the hypothesis that rail- 
roads face substantial competition in rural 
transport markets. A simulation of ‘‘deregula- 
Поп”? strategies applied to 1972 conditions and 
rates reveals the power of interrailroad com- 
petition to limit rail rate increases on agricul- 
tural products in the absence of maximum rate 
regulation (Levin 1981a, b). If rate restraints 
were removed without dismantling collective 
rate making, rail rates on field crops would 
climb 40% to 80% and produce rates would 
rise slightly. However, with a moderate de- 
gree of interrailroad competition, field crop 
rates would fall slightly and produce rates 
would plummet. 

Two localized investigations reinforce the 
power of interrailroad competition to limit rail 
rate increases without regulation. Fuller and 
Shanmugham observe the effects of rail rate 
increases for wheat in western Kansas, Okla- 
homa, and Texas. When all railroads raise 
their rates simultaneously by 10%, arc price 
elasticities of demand for rail service in five 
subregions range from 0.0 to —4.4 (— 1.47 for 
the region). However, when only the domi- 
nant railroad raises rates by 10% while other 
railroads and trucks hold rates and facilities 
constant, the own-price elasticity of demand 
for the dominant carrier ranges from — 1.2 to 
—8.7 (—5.6 for the region); cross elasticities 
with respect to other railroad carriers range 
from 1.7 to 3.8 (2.9 for the region). In the long 
run, when river and port storage facilities can 
be expanded, a 1096 rail rate hike would re- 
move railroads from the market. 

Case studies for corn and soybeans in east- 
ern and western Iowa yield similar results 
(Miller, Baumel, Drinka) When corn and 
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soybeans are kept on the farm for marketing 
flexibility and all railroads raise rates 20%, 
farmer cost increases 6.8¢ per bushel in west- 
ern Iowa and 3.6¢ per bushel in eastern Iowa. 
But when only the dominant carrier raises 
rates 20% while other railroads do not change 
rates, farmer cost increases are only 2.0¢ per 
bushel in the west and 0.7¢ per bushel in the 
east. In the latter case, own-price elasticity of 
demand for the dominant carrier is —4.0 in 
both Iowa regions and cross-price elasticities 
with respect to other railroads are 7.0 in the 
west and 3.5 in the east. The Iowa study sug- 
gests that with a flexible marketing strategy, 
farmers have the capacity to deliver grain to 
elevators located on railroads with the best 
rates. This is the source of interrailroad com- 
petition. 

The preceding summary of evidence, gener- 
ated in numerous independent investigations 
using a variety of analytical methods leads to 
the following conclusions regarding the crite- 
ria for regulation: (a) internal firm cost econ- 
omies provide strong incentives toward max- 
imum capacity utilization; and (6) competi- 
tively priced alternatives to local rail carrier 
service are broadly available. There likely will 
be specific instances where service will di- 
minish in small communities and rail shippers 
will have to cease operations. However, there 
appears to be no strong evidence to justify 
maintenance of pervasive transportation regu- 
lation for agriculture. Specific complaints of 
monopoly behavior or discrimination can still 
be taken to the ICC, the Department of Jus- 
tice, or the court system. 


Regulatory Reforms 


Preparations are now complete to evaluate the 
effects of transportation regulatory reform on 
rural communities. Regulatory reforms in 
transportation are chiefly contained in the 
Railroad Revitalization and Regulatory Re- 
form Act of 1976 (4-R Act), the Staggers Rail 
Act of 1980, the Motor Саглег Act of 1980, 
and various initiatives of the ICC. 


Motor Carriers 


The Motor Carrier Act of 1980 focuses on 
reducing regulatory entry ba-riers. The act di- 
rects the ICC to streamline the common car- 
rier certification process and to ease the crite- 
ria for approval. Fully certificated carriers 
must prove themselves ‘і, willing and able" 
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to serve and that they will serve a ‘‘useful 
public purpose," presumably much less strict 
than the ‘‘public convenience and necessity" 
standard. Protestors must be directly involved 
in the type of carriage proposed, and evidence 
of potential traffic diversion from existing car- 
riers is no longer sufficient to prevent entry. 
Under expedited procedures, existing carriers 
can expand their authority to cover more 
commodities, intermediate delivery points, 
round-trip routing and larger territories; many 
specific routing and gateway restrictions are to 
be removed immediately. Mixing of contract 
and common carrier loads and exempt and 
regulated commodities in the same load is 
permitted to add loading flexibility. 

Three motor carrier entry provisions are es- 
pecially important for agriculture. First, 
cooperatives can haul up to 25% of tonnage 
from nonmember, nonexempt commodities, 
instead of 15%, which improves backhaul po- 
tential. Second, more agricultural inputs have 
been exempted from regulation, including 
animal by-products not for human consump- 
tion, livestock and poultry feed, and agricul- 
tural seeds and plants. Third, a new class of 
"fitness only" carriers has been established 
for those performing the following services: 
(a) serving a town recently losing a railroad or 
not served by a regular carrier, (b) hauling 
government property, (c) hauling small pack- 
aged freight and (d) owner-operators hauling 
food products, agricultural limestone and soil 
conditioners, and agricultural fertilizer. These 
services are presumed to fulfill the ‘‘useful 
public purpose" criterion, and applications 
will be reviewed only on the merits of the 
carriers’ fitness to serve these functions. All 
three provisions provide flexibility for exempt 
and cooperative haulers to extend their sea- 
sons of operation and to organize backhauls to 
the country. 

Previously, evidence suggested no appre- 
ciable market barriers to motor carrier entry 
or capacity utilization. New regulatory rules 
greatly reduce regulatory barriers to entry and 
capacity utilization. Now all classes of truck- 
ers can apply for, and expec: to be granted, 
authority to haul the traffic for which they can 
compete in the market. City to country back- 
haul potential is much improved, especially 
for exempt haulers, with relaxation of access 
to food, feed, and fertilizer. Because truck 
costs are so sensitive to capacity utilization, 
eased entry can be expected to reduce truck- 
ing costs. Access to traffic and lower trucking 
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costs will enhance competitiveness within the 
agricultural trucking industry and place lower 
rate ceilings on railroads. 


Railroads 


The Staggers Rail Act cf 1980 focuses on rail- 
road-pricing flexibility and protection of bar- 
gaining channels. The act sets a minimum rate 
standard at variable cost and limits ICC juris- 
diction on maximum rates to those cases 
where the railroad has ‘‘market dominance.”’ 
A rate falling below a rate-to-variable-cost ra- 
tio threshold is sufficient to show a lack of 
market dominance. In shipper-initiated com- 
plaints, the burden of proof is on the shipper. 
Consequently, railroads are currently free to 
adjust rates in a considerable band. In addi- 
tion, l.mited liability rates and rate premiums 
for special car services provide flexibility to 
construct rate-service options. Rate flexibility 
provis.ons already have been used to lower 
short-haul rates to meet truck competition and 
to lower long-haul vates for grain. 

Three provisions are especially important 
for agriculture. First, two classes of carriage 
previously available to motor and water car- 
riers are formally recognized for railroads: 
exemp: and contract carriage. ICC initiative 
previously exempted fresh fruits and vegeta- 
bles and piggyback shipments from regulation. 
Contrazts make possible “he direct negotiation 
of specific shippers and carriers for specific 
rate and service packages designed to shipper 
and carrier logistical needs. 

Second, a pair of provisions stimulates in- 
terrailroad competition, previously shown to 
be very important in market rate control. One 
provision’ restricts the activities of rate 
bureaus. preventing discussion and voting on 
single-line rates and, after 1983, discussion of 
joint rates by other than ‘‘practicably par- 
ticipating’’ carriers. Another provision estab- 
lishes a quick procedure by which shippers 
can petition for reciprocal switching agree- 
ments between railroads. This means that 
shippers in two-railroad towns who are lo- 
cated on only one railroad can obtain access to 
both railroads with obvious competitive value. 

Third. rail abandonment procedures are 
made speedier than previously, but more mar- 
ket options are made available to shippers and 
groups who truly value the line. These options 
included (а) carload surcharges on low-traffic 
lines, (b) rail-affiliated truck services to com- 
munities losing rail lines (previously truck al- 
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lowances applied only to communities with 
rail lines), and (с) forced sale of deteriorating 
branch lines to local groups. 

Previously, evidence showed that with 
moderate interrailroad competition, railroad 
rate freedom would not harshly affect agricul- 
ture, generally. Through rate bureau lim- 
itations and reciprocal switching agreements, 
interrailroad competition is enhanced. Rate 
flexibility can and is being used to enter new 
markets offering shippers savings. Contracts 
and exemptions open a new field of 
negotiated, tailored rate-service packages to 
shippers yielding enhanced capacity utiliza- 
tion for railroads and improved service for 
shippers. Shippers and local community 
groups are now allowed greater flexibility in 
bargaining directly with railroads on means to 
preserve lccal rail services where options 
were restricted before. Railroad regulatory re- 
form offers many new opportunities for cre- 
ative marketing and procurement in agricul- 
tural industries. 


Conclusion 


Transportation regulatory reforms represent 
opportunities for agriculture. As with any 
change of rules, there will be cases of individ- 
uals losing while others gain as a result of 
regulatory reform. But evidence does not re- 
veal any fulfillment of the criteria for maintain- 
ing regulation in the agricultural transportation 
markets. These markets are competitive. Cost 
incentives encourage capacity utilization. The 
profit motive encourages entry and bargaining 
for service. Agriculture would be well served 
if remaining motor carrier entry restrictions 
and railroad rate limits were removed on a 
peth toward true deregulation. 

Regulation has been largely counterproduc- 
tive for agriculture. A layer of restrictions on 
competitive market processes has been sub- 
stantially removed; direct bargaining between 
firms promotes transmission of clearer market 
signals. ‘‘Dezegulation’’ offers many oppor- 
tunities for agricultural firms to adjust market- 
ing and procurement strategies to reflect a 
greater range of transportation price and ser- 
vice options. 
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Impacts of Regulatory Change on Financial 
Markets for Agriculture: Discussion 


Dean W. Hughes 


Peter Barry has done a good job of summariz- 
ing recent changes in legislation and discuss- 
ing the impacts of these changes on the 
suppliers of agricultural credit. Therefore, I 
have only a few additional points to make re- 
garding the impact of these changes on the 
sources of farm credit. I would then like to 
expand his analysis to discuss more fully their 
impacts on the farm sector. 


Some Additional Market Changes 


At least four recent financial innovations not 
mentioned in Barry’s paper are having an im- 
pact on rural credit markets. The first is the 
introduction of financial futures markets, 
which should allow for some reduction in the 
anticipated growth in interest rate risks. The 
second is the emergence of a service provided 
by financial intermediaries wherein small 
banks’ certificates of deposit are packaged to 
offer in the national money markets (II- 
lingworth). This service will reinforce the 
other trends that Barry suggests will more 
fully integrate rural financial markets with the 
national economy. The third is that non- 
member banks gained access to the Federal 
Reserve System’s discount window with the 
enactment of the Depository Institutions De- 
regulation and Monetary Control Act of 1980. 
Such access may provide a source of credit to 
some nonmember rural banks that they have 
not had in the past. Finally, the rapid growth 
of money market mutual funds has decreased 
the flow of funds in rural credit markets over 
the last two years (Gramley). But in the fu- 
ture, as new equilibriums are established and 
alternatives evolve for rural banks to tap na- 
tional money markets, this problem likely will 
decline in importance. 


Dean W. Hughes is a staff economist at the Federal Reserve Bank 
of Kansas City. 

The views expressed in this paper are the author’s and do not 
necessarily reflect those of the Federal Reserve Bank of Kansas 
City or the Federal Reserve System. 


Impacts on the Farm Sector 


Barry’s paper suggests that there will be at 
least four substantial impacts of recent and 
anticipated legislative changes on rural credit 
markets including: (a) less quantity rationing 
(both in aggregate and on the individual loan 
level), (Р) higher interest rates, (с) more vari- 
able interest rates, and (d) a decline in the 
importance of government lending.! 

A decrease in fund availability problems at 
rural banks would decrease the likelihood that 
short-run changes in financial markets would 
have dramatic impact on the ability of farmers 
to produce food and fiber. It also would accel- 
erate the concentration of the farm sector. If 
the laws on branch banking are significantly 
altered, local banks’ capital and surplus lim- 
itations may impose fewer restrictions on the 
size of individual production loans. In addi- 
tion, one of the automatic stabilizers of farm 
sector concentration will be removed. In past 
times of limited fund availability, agricultural 
lenders’ priorities have been to make operat- 
ing loans first and to postpone farm ownership 
loans. Thus, farmers deciding to quit during a 
time of credit rationing would have a difficult 
time finding buyers who could arrange 
mortgages. They might then produce for an- 
other year and later find their financial position 
improved. If, in the future, credit is rationed 
only by interest rates, those who are ''cred- 
itworthy’’ (normally those who are already 
wealthy) will be able to borrow to buy the 
assets of exiting farmers at all times. 

Higher interest rates in rural credit markets 
will require larger farm incomes. Highly lever- 
aged operations will be faced with higher 
interest expenses. But the need for higher in- 
comes will not be restricted only to farmers 


who rely heavily on debt financing. Higher 


1 These impacts are пос predictions of the future, but differ- 
ences caused by changes in legislation. For example, while inter- 
est rates may not increase above those currently faced by farmers, 
they will be higher in the future than they would be if the laws had 
not changed. 
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interest rates will be available on the alterna- 
tives to investing equity funds in farming, so 
the entire sector will have to be more profit- 
able. Investment projects will have to be dis- 
coun-ed by higher costs of capital, and there- 
fore fewer may be accepted. All else equal, the 
subsequent slowing of the adoption of new 
techrologies will slow the rate of increase in 
farm output and farm prices should increase. 
An increase in the variability of interest 
rates can best be analyzed as an increase in 
financial risk (Penson and Lins, Gabriel and 
Baker). Two consequences are suggested by 
such analysis. First, farmers likely will want to 
reduce their borrowing to some extent. This 
will add to the slowing of adopting new 
techrologies and may tend to depress the rate 
of increase in farm real estate values. Second, 
farmers may try to reduce their production 
risks. Marginally profitable land which is sub- 
ject to unusual weather risks may be removed 
from production. And farmers will likely de- 
mand increased coverage from government 
and private insurance companies. The concen- 
tration of the farm sector also will be speeded 
up bv these increases in risk. Large farmers 
with substantial equity buffers and wealthy 
nonfermers will be more willing to accept the 
increased financial risks than small- to 
medium-sized farm owners who rely on farm 
income as their primary means of support. 
A sudden reduction in government lending 
could have dramatic effects on the farm sec- 
tor. Currently, the federal government holds 
over 12% of all farm debt. Any program that 
would rapidly decrease government lending 
would likely send many farmers into bank- 
ruptcy, reducing farm real estate values, and 
to some extent decreasing farm output. Even 
if the reductions occur more slowly, such that 
there is minimal disruption of production and 
real estate values, there will be an acceleration 
of the concentration of the sector and an in- 
crease in the risks of farming. The Farmers 
Home Administration (FmHA), the primary 
government lender to agriculture, must by law 
lend to farmers who cannot get credit else- 
where. Assuming, then, that their clients 
truly could not find credit from other sources, 
a reduction in FmHA lending will lead their 
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borrowers to leave the sector. Because the 
vast majority of FmHA loans have been made 
to small farmers, any reduction in their role 
will increase average farm size (Hughes et 
al.). A decrease in the commitment of the gov- 
ernment to lend to farmers will also increase 
the risks of farming in an ultimate economic 
sense. There likely will be an increase in farm 
failures in coming years as the accumulation of 
farmers who have been ''bailed out" by 
FmHA over the last few years are allowed to 
leave the sector. Some normal failure rate 
probably will then be reasserted. 


Conclusions 


With few exceptions, Barry's paper does a 
good job tracing the impacts of recent regula- 
tory changes on the institutions that supply 
credit to the farming sector. Simple extensions 
of his analysis suggest that the farming sector 
itself will be affected in several ways. It is 
likely that the deregulation of rural financial 
markets will speed the movement to a more 
concentrated farming sector. In addition, the 
adaption of new technologies probably will be 
slower than otherwise would occur. Farming 
will need to be more profitable to justify con- 
tinued investment and to offset anticipated in- 
creases in financial risks. And finally, farm 
output likely will grow more slowly and farm 
prices increase more rapidly than would be 
expected if no change in banking regulations 
had occurred. 
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Impacts on Agriculture of Deregulating the 
Transportation System: Discussion 


Jerry E. Fruin 


I concur with the general conclusions of 
Johnson’s paper. Transportation deregulation 
was long overdue. Regulation was ineffective 
and, in some instances, counterproductive to 
agriculture, rural communities, and the regu- 
lated carrier. There will be individual losers as 
adjustments are made to less regulation, but 
the total result for agriculture will be positive. 
However, I have several reservations about 
the overall thrust of rail deregulation. 

Johnson states two justifications for regula- 
tion of the transport industry. One is the need 
for the cross-subsidization of services that the 
transport firm could not or would not oth- 
erwise supply. The other is the argument that 
the state must protect the public from the 
market power of the industry. Two examples 
that the opponents of deregulation use to show 
that agriculture and rural communities require 
transportation regulation are then discussed. 
These are (a) that market barriers to entry will 
leave rural communities without adequate 
truck service, and (b) that insufficient compe- 
tition exists to protect agriculture from rail- 
road monopoly behavior. 

With regard to truck service to small com- 
munities, he concludes, and I fully concur, 
that ‘‘free entry and the removal of specific 
authority restrictions on commodities, routes, 
and service points will tend to lower rates, 
improve service, and enhance capacity utiliza- 
tion." The barriers to entry for trucking came 
more from the regulatory requirements than 
from market barriers. The Motor Carrier Act 
of 1980 removed many of these restrictions. 
The act will have.little impact on agriculture 
and rural communities, and the impact that it 
does have will be positive. That is also true for 
airline and intercity bus deregulation. The 
airways and highways are publicly owned, and 
freedom to enter a market can provide compe- 
tition. Rail is different. The roadbed is private- 
ly owned. That provides monopoly power. 
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Will sufficient competition exist to protect 
agriculture from railroad monopoly behavior? 
Johnson concludes that although there may be 
some harm, there is no strong evidence to 
maintain transportation regulation for agricul- 
ture. He cites a number of studies to back his 
conclusions, but each addresses specific is- 
sues and not the total deregulation package. 
That package went much further than thought 
possible two years ago. Consequently, rail de- 
regulation may have gone too far. 


I agree with the rail abandonment studies 
that conclude that the maximum abandonment 
case is most efficient considering the eco-. 
nomic variables studied. However, I am not 
convinced that the distribution of the eco- 
nomic returns will be equitable. How much of 
the savings will stay in the rural areas? What 
will happen to land values 40 miles or more 
from a subterminal? Will subterminal own- 
ership become controlled by the limited num- 
ber of regional or national firms that have the 
access to the capital required to build train- 
loading facilities and the market power to 
negotiate favorable contract rates? Do these 
studies adequately account for the cost of 
Maintaining our road network as grain is 
moved longer distances to subterminals and 
the vehicle mix and routes traveled change? 

The Staggers Act did not leave the ICC and 
the states enough discretion on abandon- 
ments. There still is no master plan with hard 
decisions on abandonment versus the rehabili- 
tation of marginal lines. The last branchline in 
an area frequently will have operating profits 
after competing branches are abandoned if it is 
rehabilitated at railroad or public expense, 
but the ICC cannot force a sensible ra- 
tionalization of the rail system. 

Some of the studies center on interrailroad 
competition holding down rates. But, will we 
really have effective interrailroad competition 
in 1990 with only six or eight major rail sys- 
tems? Mergers as a method of rationalization 
are encouraged by the Staggers Act, but we 
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can no longer be assured of open gateways and 
joint rates. as in the past. Rather, surcharges 
and combination rates may become the rule. 
Some of the railroads will have monopoly 
power over larger areas than envisioned in 
these studies. We cannot count on barge 
transportation being as effective in holding 
down rates in the future. Waterway user 
charges have been legislated and are now in 
place. Currently, they have little or no effect 
on Lbarge-rail competition. However, if full 
cost recovery is legislated, rails will gain a cost 
advantage over large areas. 

A key feature of the Staggers Act is the 
legalization of contract rates and the release of 
the railroads from their absolute common car- 
rier status. Although a number of safeguards 
were included for agricultural shippers, the 
end result is that a railroad is free to discrimi- 
nate, i.e., choose whom it will sign contracts 
with. These contracts could give a limited 
number of shippers low-cost volume rates 
while others pay higher single-car rates. These 
contracts, once approved, cannot be appealed 
to the ICC. Clearly, there will be increased 
concentration in the grain-marketing channel. 
Time will tell if this is good or bad for agricul- 
ture. 

An important implication of deregulation for 
agriculture and for the national economy was 
not discussed. The combination of rate- 
making freedom and contract rates will de- 
stroy the existing railroad rate structure in the 
United States. Furthermore, the loss of anti- 
trust immunity for rate bureaus (with which I 
agree) will preclude such a rate structure from 
being reestablished. Much of this value-of- 
service based railroad rate structure is over 
100 vears old, having roots that predated the 
ICC. This structure includes provisions like 
transit rates and port equalization differen- 
tials. It had tremendous stability because of 
precedents established in ICC hearings and 
supreme court decisions. It was reinforced by 
protests from affected constituents when even 
minor changes were proposed. Such stability 
hindered locational and technological adjust- 
men:s. For example, there is general agree- 
men: that the transit privilege slowed the relo- 
cation of the grain processing industries. 

The big changes for agriculture resulting 
from the destruction of the old rail rate struc- 
ture will be in changed cost and locational ad- 
vantages for food processing and manufáctur- 
ing. Consider the impact of changes in the rate 
structure for sugar on the optimal locations for 
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industries like baking, canning, and confec- 
tionaries and soft drinks. The existing struc- 
ture was defined by the ICC Sugar Cases of 
1922 and 1933. This rate structure was de- 
signed to ‘‘equalize’’ competition in the Mid- 
west between cane sugar refiners in East 
Coast ports, New Orleans, and San Francisco, 
and to allow them to compete with domestic 
sugar beet refiners. Most of the cane sugar 
was, of course, from Cuba. This rate structure 
survived the Great Depression, sugar ration- 
ing, consumer acceptance of beet sugar, Cas- 
tro's takeover of Cuba, and the development 
of the 120,000-pound airslide car. 

The basic rate relationships of the 1933 ICC 
proceedings were that rates for a hun- 
dredweight of sugar shipped from New Or- 
leans or Baltimore to Chicago were equal, the 
rate per 100 pounds from Philadelphia to 
Chicago was 1g more than from New Orleans, 
and from New York to Chicago 3g more. 

Althcugh the sugar rates from New Orleans 
and Baltimore to Chicago almost tripled from 
34g to 95g during the forty years from 1933 to 
1973, the differentials remained unchanged. It 
still cost only 3? more per hundredweight to 
ship sugar from New York to Chicago than 
from New Orleans to Chicago. This did not 
happen by accident. The ICC responded to 
industry protests each time there was a gen- 
eral rate increase and set the maximum rate 
increase for sugar equal to the increase from 
New Orleans to Chicago. The promotion of 
competition, if it ever did exist, evolved into 
protectionism. 

These rate relationships caused sugar con- 
sumers on the East and West Coasts to sub- 
sidize midwestern sugar consumers, and 
caused sugar-using industries such as candy to 
locate in the Midwest rather than in the coastal 
sugar-refining centers. 

The justifications for low sugar rates from 
the East to the Midwest center on Mississippi 
waterway competition. I was always puzzled 
over that because the commercial barge lines 
will not even consider hauling sugar. How- 
ever, I recently found this quote by McPher- 
son (pp. 371—2): ‘‘The railroads point out that 
the suger rates cannot be made higher to the 
cities on the Mississippi and Ohio Rivers, as 
they are now at the limit above which the 
boats would take the traffic." Note the use of 
the term ‘‘boats,’’ not “‘barges,’’ as that was 
written in 1909. Also, I have been collecting 
rates for a sugar substitute, fructose, from 
Minnesota to locations including Baltimore, 
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The view that futures contract prices for stor- 
able agricultural commodities are rationally 
held expectations of subsequent cash prices 
has been widely accepted since Holbrock 
Working first explained commodity market 
intertemporal price behavior in these terms 
in 1958. Subsequent analyses by Brennan, 
Weymar, Tomek and Gray, and others adopt- 
ed and extended Working’s interpretation. 
Yet, despite its acceptance, implications of 
the rational expectations view have been all 
but ignored in econometric modeling efforts 
directed at explaining and predicting intertem- 
poral price relations. 

The purpose о? this paper is (a) to propose 
an econometric modeling approach that rec- 
ognizes the role cf rational expectation forma- 
tion in joint determination of commodity cash 
and futures prices, and (b) to explore the im- 
plications of such an approach for the follow- 
ing issues: 

(i5 the direction and magnitude of changes in 
cash and futures prices occurring in response to 
charges in economic information, and the di- 
rection of causality between cash and futures 
prices; and 

(ii) the function of futures markets as agen- 
cies for forecasting price and the probable 
forecasting performance of futures contract 
prices. 

Some issues addressed here have implica- 
tions for all futures traded commodities. The 
arguments presented, however, relate most 
clearly to storable, continuously inventoried 
commodities. The nature of storage behavior 
and, thus, the relation between cash and fu- 
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tures prices for some commodities—livestock 
in particular—has not yet been resolved satis- 
factorily, but these issues are not addressed 
here. 

Working's theory of anticipatory prices 
(1958) asserts that decisions on cash and fu- 
tures prices take into account all available and 
relevant information concerning historical re- 
lationships as well as current and expected 
supply-demand conditions. According to this 
theory, the current period futures price for a 
contract maturing in time г + T is the current 
market expectation of the subsequent cash 
market price in¢ + T. 

With only slight modification, this interpre- 
tation can be considered equivalent to the 
more current “‘rational expectations" or 
equally redundant ''efficient market” hypoth- 
esis. Formally stated, the rational expecta- 
tions hypothesis (Muth's extended version) 
asserts that expectations of individual market 
participants (the subjective probability dis- 
tribution of price outcomes) tend to be distrib- 
uted for the same information set about the 
predictions of the theory (the objective prob- 
ability distribution of price outcomes). In an- 
other interpretation it is simply asserted that 
economic agents use the appropriate eco- 
nomic model in forming their expectations of 
future prices. If valid, this latter interpreta- 
tion has clear implications for the construction 
of econometric models of futures traded com- 
modities. To explore these implications, we 
posit a model which assumes rational expecta- 
tion formation. 


An Econometric Model of Cash and Futures 
Price Determination: A Rational Expectations 
Approach 


The model described here consists of only 
three equations: a current period commercial 
demand for stockholding, a current period 


Copyright 1981 American Agricultural Economics Association 





7 Dewbre : 


aggregate consumption demand relation, and a 
market clearing identity equation. The equa- 
tions are conceptualized and are to be esti- 
mated in monthly frequency. The logic of each 
demand equation is discussed briefly, with 
most attention devoted to the stockholding re- 
lation. Some of the ideas are then simplified in 
a graphic representation of the model, fol- 
lowed by some inferences. 


Commercial Stockholding Demand 


The dual role of stocks in markets charac- 
terized by seasonal production and stockhold- 
ing tends to complicate the process of model- 
ing such markets. On one hand, current period 
demand for stocks is usually the major com- 
ponent of current period demand for a given 
commodity. On the other hand, curing most 
months, beginning-of-period stocks constitute 
the only source of supply. In this formulation, 
demand for stocks (supply of storage) depends 
upon the expected return to storaze—the dif- 
ference between expected future cash price 
and current period cash price—edjusted for 
expected storage costs. Expected storage 
costs, as defined here, consist of opportunity 
cost on the per unit value of the inventory 
commitment plus the physical outlay for space 
rental, insurance, and handling charges. The 
stock demand equation is presented in func- 
tional form below: 





(1) Of = JEP) – Р, – C], 
where 
afi 8 fi à f, 
spo, 4 < 0), 1 
дЕ(Р,..) 8 P, C se 


and where О“ is the current period demand for 
Stocks, E(P,,,) is cash price expected to pre- 
vail in period ¢ + I—current period futures 
quote for a contract expiring in period г + 1, 
and C, is one period storage charges—space 
rental, insurance, handling, and interest 
charges. 

Assuming that current period futures prices 
represent unbiased market expectations of fu- 
ture cash prices, observed values of futures 
quotes can be plugged into the above equation 
for estimation purposes. With other factors 
being held constant, the demand for stocks is 
an increasing function of the difference be- 
tween expected future cash price and current 


period cash price. Notice also that, consistent. 


with usual requirements for demand functions, 
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the slope of the relationship between demand 
for stocks and current period cash price is a 
negative one. Conversely, consistent with the 
usual requirements for supply functions, the 
slope of the relation between expected future 
period cash price and demand for stocks (sup- 
ply of storage) is a positive one. 


Aggregate Consumption Demand 


A complete model of consumption demand 
would include separate equations for each 
component of current period consumptive 
demand, e.g., food, feed, and export for grain 
commodities. For simplicity’s sake, the con- 
sumptive demand function used here repre- 
sents an aggregation of these separate demand 
equations into only one equation. In practice, 
this would be accomplished by simply adding 
the separate consumptive demand equations 
together and then collecting terms. The result 
would be an equation with total current: 
period quantity demanded on the left-hand 
side and, on the right-hand side a large number 
of variables representing current period prices 
of the commodity in question, of substitutes in 
feed, food, and export uses, and of commod- 
ities which use grain as an input (e.g., live- 
stock). Other variables would measure in- 
comes, exchange rates, other purchasing 
power indexes, and so on. Labeling all vari- 
ables except current period quantity de- 
manded and current period price of the com- 
modity in question as Z, to Zy, this equation 
would appear as 


(2) ОР.= (Ph 214? 2.03, ..., Zy nti), 


where 
ð Qi ð OP 
< 0, — s 0, and 
P, Zu wo 
where Q, is current period aggregate consump- 
tion demand, P, is current period cash price, 
and Z, ,-Z, , are exogenous variables influenc- 
ing consumption demand. 


Market Clearing 


Under the presumption that production is 
exogenously determined, as would usually be 
the case within any particular crop year, the 
final equation in this ‘‘mini’? model is the 
standard market-clearing identity or price de- 
termination equation: 
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(3) Q7 = Q," + ОР — QP, 
where Q? is production in period /. 

Nothing has yet been said about how 
E(P,..,), the price expectations variable which 
appears in the stock demand equation, is to be 
cetermined. In most commodity models, ex- 
pected price is some kind of average of recent 
past prices, either a naive projection of last 
period's price or some form of adaptive expec- 
tation usually based upon a time series of 
price. Blakeslee incorporates a next year's 
‘loan price into an adaptive price expectations 
formulation. His approach allows an adap- 
tively determined price expectation to be mod- 
ified by one piece of information about the 
future—next vear's price support loan rate. 
Houck and Subotnik model the determination 
of one-quarter-a-head futures prices within the 
same model that produces current quarter 
cash prices. Their formulation excludes al- 


together any consideration of expectations 


about the future; futures prices in their model 
are determined exclusively on the basis of 
current period supply-demand conditions. 

These approaches seemingly would deny 
the rational expectations or anticipatory prices 
hypothesis which holds that prices (both cash 
and futures) refiect all publicly available eco- 
nomic information that bears upon their de- 
termination. More to the point, these ap- 
prcaches are inconsistent with observed mar- 
ket behavior. It has been shown that informa- 
tion concerning future supply-demand condi- 
tions does indeed influence current period 
cash prices (Pearson and Houck). 

In this application, the price value that 
would be obtained by solving the posited 
model for the appropriate forward period is 
used to represent current expectations of that 
period's price value. A literal interpretation of 
the rational expectations hypothesis would 
have commodity market participants deriving 
expectations of future price as if they were 
actually solving a model like the one described 
above for the appropriate future period. Ín a 
very literal way this would require market 
part:cipants to plug into each equation fore- 
casts of each exogenous variable and then 
solve the complete model for the values of 
future price and other endogenous variables 
for the expectation period. Of course there is 
no requirement under a rational expectations 
view that marke: participants actually em- 
ploy this forecasting procedure, but only that 
the expectations which they derive be consis- 
tent with those that would be obtained by 
using the model. 
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In order to draw some conclusions, it is 
helpful to review the ideas thus far presented 
in graphic form. Panels A and B (lines 
CD.C5,, DAD,, 85,8, and FCD,FCD,, FD,FD,, 
FS,F5,) of figure 1 present an initial equilib- 
rium solution for the model for both a current 
and a future period. Looking first at panel A, 
the line CD,CD, represents the current period 
aggregate consumption demand equation (2) 
drawn under the assumption that all variables 
except price are held constant. The line D,D, 
represents the total of equations (1) and (2), 
where the difference between CD, and D, is 
current period stock demand. The current 
period supply function is shown as a perpen- 
dicular line reflecting the fact that supply 
available for any single current period is 
wholly predetermined. In most months this 
supply will consist entirely of stocks carried 
forward from the previous period, but even in 
those months in which production becomes a 
component of supply, it does so independently 
of price. 

In order to graph the future period con- 
sumption equation (panel B, line CD,CD,) in 
the current period it is necessary only to plug 
in forecast values for future period t + T for 
all exogenous variables Z, . . . Zy, appearing in 
the consumption equation (2), and then solve 
the equation at alternative levels of expected 
future price. The graphs of the other two lines 
are not obtained quite so simply. Considering 
future supply FS, FS, first, notice that it has 
some slcpe with respect to price. This occurs 
even if the forecast period is too short for a 
production response to price. This is because 
expected future supply consists of both ex- 
pected future production and expected future 
beginning stocks; but expected future begin- 
ning stocks depend directly upon current pe- 
riod ending stocks, which by equation (1) are 
positivelv related to expected future price. 

Graphing the stock demand function for 
some future period is made more difficult 
because doing so requires ex ante knowledge 
of what price expectations in the period ¢ + T 
will be for an even more distant future period 
t+ T+ 1. The obvious answer that this 
wculd require solving the model for period 
t + T + Lonly begs the question since this, in 
turn, would require ex ante knowledge of 
expectations of future price for some more 
distant horizon t + T + 2, and so on. One way 
of dealing with the problem is simply to extend 
the forecast horizon far enough into the future 
so that, because of discounting, any change in 
the level of expected price for the terminal 
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Figure 1. 


period has only a minor effect on any period 
within the forecast horizon of interest. The 
problem is resolved here by assuming values 
for these so-called ‘‘terminal’’ expectations of 
future price for the ¢ + T + КЬ period. The 
choice of values for these assumptions is 
necessarily an arbitrary one, but there are 
some logically appealing alternatives. For ex- 
ample, forecasts of future agricultural pro- 
duction and prices are published routinely by 
the U.S. Department of Agriculture (USDA) 
and other public and private agencies. There is 
also the notion of a long-run ''equilibrium" or 
normal price. This normal price probably is 
determined more by the relatve (long-run) 
costs of producing the commodity in question 
versus alternative commodities than by the 
near-term stock considerations which so 
dominate price determination in the model 
posited here.! 

It is now possible to trace the effects that 


‘In this application, a forecast of this long-term normal or 
equilibrium price is to be modified simultaneously with model 
Solutions across near-term forecast horizons. This is to be 
accomplished by adjusting a forecast of price produced by an 
annual model for end of crop year stocks generated by the posited 
Short-term model. 
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changes from the initial equilibrium repre- 
sented in figure 1 have on current and future 
period price and quantity outcomes. Figures 2 
and 3 show the same initial equilibrium as was 
shown in figure 1—lines CD,CD,, D,D,, 5,5, 
in panel A and FCD,FCD,, FD,FD, and 
FS,FS, in panel B—and two alternative final 
equilibrium solutions obtained by assuming 
first an increase in expected future period 
production (figure 2) and second, a decline in 
current period interest rates (figure 3). 

In this model, the causal chain which results 
in the ‘‘final’’ solution shown in figure 2 
proceeds as follows. First, the increase in 
expected future production is translated into 
an increase in expected future supply which 
produces a ‘‘first-round’’ expected future 
price decrease. Since expected future price is 
a shifter in the current period stock demand 
equation, the decrease in future period ex- 
pected price produces a leftward shift in 
current period demand for stocks, and a con- 
sequent round-one decrease in current period 
price. This decrease in current period price 
stimulates an increase in current period con- 
sumption and a falloff in current period carry- 
out. The process does not stop here, however, 
since the decrease in current period carryout 
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shows up as a decrease in future period 
supplies. This moderates the round-one future 
price impact, wnich in turn moderates the 
current period stock cemand, and so on until 
the final equilibrium situation, P;FQ;FQ; 
shown in the figure 2, is obtained.” 

As an additional example, consider the 
impact of a current period decline in interest 
rates, which is not accompanied by a change 
in expected future period interest rates (figure 
3). This impacts initially by reducing storage 
costs and thereby increasing current period 
demand for stockholding. This causes a first- 
round increase in current period price and a 
rightward shift ir. future period supply (the 
increase in stocks carried out of the current 
pericd), which results in a corresponding de- 
crease in future period price. The first-round 
decrease in future period price moderates the 


? Econometric model solution procedures that correspond to 
this kind of equilibration are somewhat different from conven- 
tional procedures. Andersen and Fair provide good discussions of 
how standard model-solving routines can be modified to accom- 
modate a rational simulation approach. For readers familiar with 
standarc Gauss Siedel iterative model solution programs, the 
problem essentially involves creating an outer iterative loop in 
which the model solves iteratively across entire forecast horizons 
in a manner analogous to iterative loops within individual forecast 
time periods. 
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initial increase in current period stockholding 
demand, and thus the first-round increases in 
current period price as well, and so on until 
the final equilibrium P,FP,FQ., shown in 
figure 3, is obtained. Notice that in this final 
equilibrium, current period cash prices are 
higher while current period future prices are 
lower than in the prior equilibrium. 


Inferences 


There ere two major inferences with respect 
to the interrelation between cash and futures 
prices which, under a presumption of rational 
expectations, differ from conventional views. 
One of these concerns the way in which 
futures and cash prices fluctuate in response to 
changes in economic information, and the 
other concerns the forecasting performance of 
futures markets as they have been conven- 
tionally evaluated. 


Direction спа Magnitude of Changes in Cash 
versus Futures Prices 


It is commonly held that changes in informa- 
zion concerning future supply or demand will, 
for storable agricultural commodities, produce 
equivalent or nearly equivalent changes in 
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Figure 3. 


both cash and futures prices. These conclu- 
sions can be drawn using either of two frame- 
works of economic analysis—the supply of 
storage framework or the intertemporal-inter- 
regional price equilibrium framework. 

In its usual interpretation, the supply of 
storage theory asserts that there are two more 
or less independent components to intertem- 
poral price relationships. The first is the over- 
all level of both cash and futures prices, which 
moves up or down in response to changing 
actual and expected supply-demand condi- 
tions. The second is price difference or “‘ba- 
sis” relations between cash and futures prices 
and between individual futures prices. Ac- 
cording to the usual view, the latter compo- 
nent of cash and futures price relationships, 
the basis, is substantially determined for any 
point in time by the level of actual inventories 
and costs of storage at that poinz. Working (p. 
1255) states, “бо far as supplies are con- 
cerned, it is only supplies already in existence 
which have any significant bearing on a cur- 
rent intertemporal. price relation.” One impli- 
cation of this interpretation is that changes in 
expectations concerning future supply or de- 
mand conditions produce their price effect 
exclusively through a shift in the overall level 
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or constellation of intertemporal price rela- 
tions, leaving price difference or basis rela- 
tionships unchanged (see Working 1949). That 
is to say, because of stockholding, any change 
in expected future supply or demand produces 
a change in current period price that is approx- 
imately equal to the corresponding change in 
expected future period price. 

One can reach equivalent conclusions con- 
cerning changes in cash versus futures prices 
using the familiar intertemporal (or interre- 
gional) equilibrium framework (see, for exam- 
ple, Kenyon and Cooper). In this framework, 
prices for two markets separated in time or 
geographically, but in which storage (or trade) 
is permitted, will be in equilibrium when the 
price difference between them just equates 
with storage (or transportation) costs. In this 
model, changes from initial equilibrium in 
either expected quantities or storage costs will 
always produce exactly the same changes in 
both current and future prices. 

Both of the above-mentioned theoretical 
frameworks are widely accepted and have 
guided much economic modeling. However, if 
one accepts the rational expectations argu- 
ments detailed in this paper, then the usual 
conclusions concerning the magnitude and 
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direction of changes in cash versus futures 
markets are invalid. 

Given changes in economic information 
about the future simply need not produce 
equivalent changes in both cash and futures 
prices and, in fact, would be expected to do so 
only rarely. Clearly, the relative impact that a 
change in information about the future has on 
cash and future prices will depend on the time 
horizon of the information (discounting), the 
nature of the change (whether it is a change in 
a component of future demand or of future 
supply), and upon the relative elasticities o 
current versus future period supply and de- 
mand. Indeed, under quite plausible assump- 
tions about particular changes in information, 
even the direction of change in cash prices 
may differ from that for futures prices. The 
interest rate decline traced in the previous 
section provides one example. 

А related issue concerns the direction of cau- 
sation between commodity cash and futures 
prices. The issue of whether futures prices 
cause or lead cash prices has been at the 
heart of much of the controversy over futures 
markets. It is clear from this treatment that 
causal chains which produce changes in cash 
and futures prices can run in either direction, 
depending on the kind of economic informa- 
tion initiating the change. For example, a 
change in information concerning future pe- 
riod consumption demand (such as an an- 
nouncement of a trade agreement) would pro- 
duce its effect on current cash prices through a 
causal chain initiated by a change in future 
price. Alternatively, a change in current pe- 
riod consumption demand produces its effect 
on future price through a causal chain initiated 
by a change in current period price. 


Forecasting Performance of Futures Market 


The forecasting performance of commodity 
futures markets has been the subject of much 
recent empirical analysis. Results reported in 
Leuthold, Leuthold and Hartman, and Martin 
and Garcia pose serious doubts about the 
accuracy of current period livestock futures 
contract prices as predictors of subsequent 
cash prices. 

These analyses are all apparently predicated 
on the questionable assumption that an appro- 
priate test of futures market performance is 
ability to forecast the future accurately. It is 
argued here that a more appropriate question 
is the same one that must be asked of an 
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ecorometric forecasting model: ‘‘Are price 
changes which occur in futures markets (or 
are simulated by an econometric model) in 
response to changes in economic information 
consistent with economic theory?"' 

What can be said about the probable predic- 
tive performance of current period futures 
market quotes? One implication of the rational 
expectations view is that, since for any given 
point in time futures prices reflect all publicly 
available information, observed changes in 
prices (cash and futures) through time are due 
exclusively to unanticipated changes in infor- 
mation. Further, since over time such informa- 
tion becomes available randomly, the resul- 
tant cbserved price changes are random (se- 
rially uncorrelated). It follows directly that 
forecasts of future cash price taken from the 
futures market are unlikely to be very accurate 
for anything but the shortest time horizons. 
Furthermore, the longer the forecast horizon, 
the more time is allowed for randomly occur- 
ring changes in information, and the poorer 
are such forecasts likely to be. Thus, empirical 
results which appear to confirm this, such as 
those reported by Leuthold and Hartman and 
Martin and Garcia, can hardly be taken г as an 
indictment of futures markets. 
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Interrelationships between Monetary 
Instruments and Agricultural Commodity 


Trade 


Robert G. Chambers 


During the last decade agricultural economists 
have devoted increasing attention to the mac- 
roeconomic aspects of agricultural problems. 
Indeed, a recent presidential address to the 
American Agricultural Economics Associa- 
tion (Tweeten) centered on the mac- 
roeconomics of agriculture. Given the cur- 
rency of the monetary approach to mac- 
roeconomics, it is not surprising, therefore, 
that there is also a growing interest in the 
effects of monetary instruments and monetary 
phenomena on agricultural commodity trade. 
In this paper I shall discuss what I feel are 
some of the most pertinent issues that re- 
searchers must address in this area. Before we 
proceed too far with our discussion, it is im- 
portant to define what I mean by a monetary 
instrument. 

Perhaps arbitrarily, I reserve the term 
"monetary instrument’ for those mac- 
roeconomic variables which are primarily de- 
termined within domestic or international 
monetary markets. Obvious examples are the 
level of the monev supply, interest rates, and 
exchange rates. I justify the term instrument 
by noting that as far as the agricultural sector 
is concerned these variables are, by and large, 
predetermined. For example, the levels of the 
money supply and interest rates in the United 
States are to a large extent determined by the 
policy of the Federal Reserve. Similarly, the 
price of the currency—the exchange rate— is 
ultimately determined by the demand and the 
supply for the currency and thus at least par- 
tially by governmental policy. 

The first step in any attempt to outline re- 
search needs and goals is an identification of 
what has been done in the past. Although the 
literature on the macroeconomics of agricul- 
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ture is farily Jarge and rapidly expanding, Eck- 
stein and Heien, Lamm, Schuh (1976), and 
Tweeten are important examples, relatively 
little attention has been given to the effect of 
monetary instruments on agricultural trade. 
What attention has been given to this area of 
researck has revolved mainly around the role 
of exchenge rates in determining agricultural 
exports and prices. Thus, it is logical to start 
our discussion with a brief survey of the litera- 
ture on exchange rates and agriculture. 


Previous Investigations 


Like most relatively new areas of research 
where there is not even a common agreement 
on what zre the important problems, the rela- 
tionship between exchange rates and agricul- 
tural trade has been the subject of a somewhat 
controversial literature. Schuh (1974) was 
among the first to suggest that the magnitude 
of the exchange rate could have important im- 
plications for agricultural trade. He suggested 
that maintenance of an artificially overvalued 
dollar for much of the postwar period had de- 
pressed U S. agricultural production, exports, 
and prices while artificially boosting the 
domestic demand for U.S. farm products. The 
argument »ehind Schuh's paper was simple 
and to the point; the maintenance of an over- 
valued dolar made U.S. agricultural exports 
relatively unattractive abroad. By artificially 
dampening overall demand for agricultural 
commodities, the exchange rate policy of the 
United States induced not only a lower level of 
zgricultural exports but also lower domestic 
agricultural production. 

Following Schuh's article, there appeared a 
series of theoretical and empirical studies on 
the effect cf exchange rates on agricultural 
commodity :rade (Grennes, Vellianitis-Fidas, 
Greenshields, Kost, Bredahl, Bredahl and 
Womack, ard Chambers and Just 1979). The 
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general tenor of several of these papers was 
that the importance of the exchange rate may 
have been overlooked for a long time, but past 
negligence should not be an excuse to over- 
emphasize its current importance. Given the 
number and variety of these papers, it is im- 
possible to do them justice within tne confines 
of this presentation. What was (ard remains) 
important is that they represent serious at- 
tempts by agricultural economists to investi- 
gate in detail the relationship between truly 
monetary variables and agricultural commod- 
ity trade. Remember that prior to 1973 the 
‘official U.S. exchange rate was a monetary 
instrument in the truest sense. It could be 
raised or lowered by the U.S. government. In 
fact, much of the original interest in the ex- 
change rate followed President Nixon’s deci- 
sion to devalue the dollar in 1971. | 

By the time agricultural economists con- 
cerned themselves with the exchange rate, it 
was no longer a monetary instrument in the 
purest sense. In late 1973, the United States 
adopted a floating (albeit dirty) exchange rate 
system. Thus, much of the discussion on the 
relationship between the exchange rate and 
agricultural trade now centered on what actu- 
ally happened after the United States devalued 
in the early 1970s. As is usual with econo- 
mists, each party to the discussion had its own 
version of the truth and, in retrospect, perhaps 
too much time was spent arguing about the 
theoretically plausible size of the effect of the 
devaluation on agricultural commodity trade. 
Altogether too little time was spent on the next 
logical step in the progression—the investiga- 
tion of the effect of the current determinants of 
the floating exchange rate on agricultural 
commodity trade. 

Researchers acquainted with the literature 
on balance of payments and exchange rate 
analysis know that this next step was not easy 
since even experts in balance of payments 
analysis do not agree on the most appropriate 
method for modeling exchange rate determina- 
tion. However, the then recently nascent 
monetary approach to the balance of pay- 
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identity of the balance of payments with the 
difference between the demand for and the 
supply of a currency. If there is excess de- 
mand for a currency, then there exists a posi- 
tive balance of payments: excess supply im- 
plies a deficit. The monetarists, therefore, 
argue that since the balance of payments is 
essentially a monetary phenomenon, it is best 
and most easily explained in terms of money 
and asset markets. If the exchange rate is 
functionally related to the payments situation 
of a country, then the monetary approach 
would suggest that the exchange rate is best 
explained by monetary phenomena. 

Shei appears to have been the first to at- 
tempt a thorough investigation of the effect of 
monetary phenomena on U.S. agriculture. In 
his doctoral thesis, he constructed a compact, 
empirical, general equilibrium model of the 
U.S. economy. The model was simulated to 
investigate the impact of the money supply 
and the exchange rate on the agricultural sec- 
tor of the economy. Shei’s results indicate that 
the money supply has more important effects 
on U.S. agriculture than the exchange rate. 
Unfortunately, even though Shei’s overall 
model was general equilibrium in nature, he 
treated the exchange rate as predetermined. 
Thus, a potentially important component of 
the adjustment process—the causal linkage 
between the money supply and the exchange 
rate—was ignored. 

Chambers and later Chambers and Just 
(1981) developed empirical models of the in- 
teraction between the level of the money sup- 
ply and the agricultural sector with an en- 
dogenized exchange rate. In point of fact, the 
exchange rate determination process provides 
the only direct link in the models between the 
level of the money supply and the agricultural 
sector. Thus, while a shortcoming of the Shei 
model is overcome in these studies, it must be 
recognized that they are less thorough in the 
specification of other potential linkages than 
the study by Shei. 

Using dynamic multiplier methods on their 
empirical models, Chambers and Just (1981) 
estimated that the long-run elasticities of 
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little doubt that their results would be altered 
if a more complete set of linkages were spec- 
ifisd. The Chambers and Just model also con- 
tains a significant nonlinearity which had to be 
replaced with a Taylor series approximation to 
permit multiplier analysis. Hence their results 
represent local approximations which might 
not be valid over a wide range of sample val- 
ues, 

Quite recently, Barnett, Bessler, and 
Thompson have completed an empirical exam- 
inztion of the causal linkage between the leve! 
of the U.S. and international money supplies 
and a variety of agricultural prices. This work 
is impressive in that it represents, to my 
knowledge, the first attempt to use Granger 
causality methods in investigating the rela- 
tionship between a monetary instrument and 
agricultural policies. Previous work (e.g., 
Chambers and Just 1981) had simply assumed 
tha: the relationship existed and then postu- 
lated an empiriczl model to measure the effect. 
The results of Barnett, Bessler, and 
Thompson suggest ‘‘a strong causal relation- 
ship between money supply and U.S. agricul- 
tural prices . . ." (p. 10). At the same time, 
they found ‘‘no evidence of agricultural prices 
causing money supply . . ." (p. 10). Epstein 
and Chambers have also found evidence of a 
causal relationship between the exchange rate 
and the level of exports of several agricultural 
commodities using Box-Jenkins and Granger 
causality techniques. Thus, while existing em- 
pirical studies may not be conclusive, they 
seem to point in the direction of an important 
link between monetary instruments and ag- 
ricultural commodity trade. 

At this point it seems appropriate to discuss 
the recent work cf Van Duyne. Although not 
directly concerned with the effect of monetary 
instraments on agricultural commodity trade, 
Van Duyne's analysis specifically recognizes 
linkages between agricultural commodity 
markets and asset markets. Using a two- 
country, two-commodity (an agricultural and 
a manufacturing good), three-asset (domestic 
money, foreign currency, and commodity 
stocks) model, Van Duyne analyzes the ef- 
fects of disruptions in the agricultural sector 
(such as bad harvest) on prices, exchange 
rates, and trade flows. Thus, his purpose is 
somewhat different than that of the present 
paper in that he is interested in the effect of 
agriculture on the general economy while we 
are mainly interested in the effect of certain 
monetary macroeconomic forces on agricul- 
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tural commodity trade. However, the fact that 
he has specifically modelled linkages between 
the monetary and agricultural sectors is impor- 
tant and should provide a fruitful direction for 
further research. 


Problems for Further Research 


Althcugh the level of the money supply is 
likely the single most important monetary in- 
strument in the U.S. economy, there are nu- 
merous other monetary instruments (such as 
interest rates) which ultimately affect agricul- 
tural commodity trade. Furthermore, the 
somewhat spotty research in this area is in 
need of a widespread extension before it can 
be integrated into the main corpus of agricul- 
tural trade analysis. 

Perhaps the first order of business in this 
area is the establishment of a satisfactory the- 
oretical model of the interaction between 
monetary factors and agricultural commodity 
trade. The key to any analysis of this sort will 
be the manner in which linkages between the 
markets are specified. To see why, consider 
the following simple one-market, two-country 
model. Aggregate demand for agricultural 
commodities in the home country is rep- 
resented by D(p, M), where p is the price of 
the aggregate commodity and M is the dispos- 
able income. Aggregate supply is taken to bea 
function of the aggregate price and the interest 
rate (r), S(p,r). If we use asterisks to differ- 
entiate the foreign country from the home 
country then trading equilibrium can be rep- 
resented as 


(1)  E(p,m,r) + E*(p*,M*,r*) = 0, 


where E(p,m,r) = D(p,m) — S(p,r). To com- 
plete the model, assume that the law of one 
price prevails, so that we can write pe = p* 
where e is the exchange rate between the 
domestic and the foreign currency. For the 
moment we presume that e is arbitrarily fixed 
by the governmental authorities. 

We can use the model described by (1) to 
consider, say, the effect of a decision by the 
Federal Reserve to tighten credit and drive up 
interest rates—not unlike what we have wit- 
nessed over the past year or two. Differentiat- 
ing partially with respect to r and expressing 
the result in elasticity form yields 


e£ 
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where ej is the elasticity of i with respect to j. 
Under usual circumstances, the denominator 
of (2) is negative and &?, therefore, has the 
same sign as e,7. Since e, represents the shift 
in excess demand of the home country asso- 
ciated with a change in the interest rate we can 
expect it to be positive. Thus, an increase in 
the interest rate yields an increase in price as 
denominated in the home country's currency. 
At the same time, the price as denominated in 
the foreign country's currency must also 
rise. 

Turning to the direct effect on agricultural 
commodity trade, let us suppose from now on 
that the home country is the exporter of the 
agricultural commodity [E(p,M,r) « 0]. Using 
this assumption and the result in (2) estab- 
lishes that in elasticity terms the comparative 
static effect on quantity traded caa be written 
as 


(3) 
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By our earlier arguments we see that expres- 
sion (3) is negative and that the amount of the 
commodity traded decreases as the interest 
rate rises. 

Of course, these results are quite intuitive 
and can be shown using graphical techniques 
without resorting to the calculus. Consider, 
for example, figure 1, where I have rep- 
resented the system graphically (assuming 
linearity). Panel (a) represents demand and 












[UR PRA 


(a) 


Figure 1. 
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supply conditions in the home country, while 
panel (c) represents demand and supply condi- 
tions in the foreign country. Panel (b) repre- 
sents the excess supply and excess demand 
curves (assuming the home country is the ex- 
porter) derived from (a) and (c). Assuming 
that e = 1, we originally have trading equilib- 
rium at price level P and quantity traded Q. 
Suppose that the interest rate rises; farmers 
are now likely able to afford a smaller debt 
burden and thus likely produce less at every 
price. The domestic supply curve shifts in- 
ward to, say, 5’. The shift in $ forces a shift 
from ES to ES' which in turn leads to the 
higher price of p’ and lower amount traded Q’. 
We see immediately that the amount of the 
agricultural product consumed in the foreign 
country declines while foreign production 
rises. Domestic consumption falls while, in 
general, the effect on domestic supply is inde- 
terminate. 

Suppose, however, that the exchange rate is 
not fixed but instead, like the U.S. dollar, ad- 
justs to forces in the international money mar- 
ket. One of the key determinants of the ex- 
change rate in the monetary and asset market 
approach to exchange rate determination is 
the relative rate of interest between trading 
partners (Isard). In a world where monetary 
assets can move across international borders, 
one expects an increase in the interest rate to 
attract investment capital from abroad thus 
improving the country’s payments position. 


s* 
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Effects of interest rate change on foreign trade 
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Therefore, in a flexible rate world it might te 
plausible to specifv the exchange rate as a 
function of the relative interest rates, e(r/7*), 
where r* is the interest rate in the foreign 
‘country. Denoting e' as the derivative of 
e(r/r*) we see that e' > 0. 

Let us now verform the same comparative 
.static experiment carried out above while rec- 
ognizing that the exchange rate as well as ag- 
ricultural production is now a function of the 
interest rate. Partial differentiation of (1) wita 
respect to r and rearranging now obtains 

"RE S E” 
me EE + Ept" 


Er e, P 
є, + є" 


As we know from expression (2), the first term 
on the right-hand side of (4) is positive. How- 
ever, since e' > 0 we can expect the second 
term on the right-hand side of (4) to be nega- 
tive. Thus, the unambiguous result in (2) is 
replaced with an uncertain outcome. For the 
overall effect on prices to be positive it is 
necessary that e,” + €.°€,."" > 0. We can expect 
there may be some instances when this in- 
equality may not hold. Considering the effect 
on agricultural exports we obtain in elasticity 
form 


(5) — «6% — ete] е 
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which is negative under usual circumstances. 
Notice, however, that the overall decline in 
exports in (5) is larger than that found in (3). 
Thus, while quantity traded declines in both 
models, we perceive a tendency for the first 
model to underestimate the magnitude of the 
drop in exports associated with an increase in 
the interest rate. The reasons these results are 
obtained are quite simple and easily explained. 
As before, the initial effect, as far as the 
domestic agricultural sector is concerned, of a 
rise in the interest rate is to choke off domestic 
supply of the agricultural product which in 
turn tightens the supply situation in the inter- 
national market. At the same time, however, 
the rise in the interest rate attracts invest- 
ments to American shores thus forcing an ap- 
preciation of the now flexible exchange rate. 
While the tightening supply tends to drive the 
price of the agricultural commodity up, the 
appreciating exchenge rate makes exports of 
the domestic country uniformly less attractive 
abroad. The decreased foreign demand for the 
commodity reinforces ‘ће downward export 
movement caused by the tightening of supply 
while it mitigates the original price rise caused 
by the shift in supply. 
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The important thing to note about (4) is not 
its ultimate sign, but that a relatively plausible 
generalization of even the simplest models 
recognizing the influence of monetary instru- 
ments on agricultural commodity trade makes 
it questionable what effects changes in mone- 
tary instruments have on agricultural trade 
patterns and agricultural prices. To appreciate 
the complexity of the problem at hand, one 
need only recall the extreme simplicity of the 
model involved and the fact that if it were to 
reflect adequately reality, the exchange rate 
would depend on agricultural trade flows as 
well as the level of the money supply and a 
galaxy of other variables that we have ignored. 

If agricultural trade economists are to model 
accurately these phenomena, they must be- 
come much more acquainted with the opera- 
tion cf money markets. It is a curious phe- 
nomenon that most of the literature on agricul- 
tural trade (including the model above) takes 
a predominantly microeconomic, partial equi- 
librium approach. I do not mean to impugn. 
the usefulness of partial equilibrium models. 
In many instances they are the most appropri- 
ate tool, but in others they have definite lim- 
itations which should be recognized. This is 
especiallv true when it comes to analyzing the 
impact of events that have their origin outside 
of the agricultural sector. Agricultural econo- 
mists zre not alone in their myopia. It is only 
relatively recently that writers on trade and 
asset markets have started to recognize the 
importance of agricultural phenomena for the 
overall economy in general (Van Duyne). 

These comments suggest (or are meant to 
suggest) that an appropriate avenue of re- 
search in this area might include an extension 
of the research already started by Van Duyne. 
As I noted above, Van Duyne's analysis fo- 
cuses on the effects of agriculture on the rest 
of the macroeconomy. It seems probable, 
however, that Van Duyne's model could be 
modified and extended to examine theoreti- 
cally the impact of changes in asset markets on 
the agricultural economy. 

The second major problem to be faced is the 
construction of empirical models, be they 
econometric or programming, that recognize 
the linkages between the agricultural trade 
sector and the money or financial part of our 
зсопоту. A start, but only a start, has already 
been made in this direction by the studies of 
Chambers, Chambers and Just (1981), and 
Shei. 

Researchers might follow the lead of empir- 
ical research in other areas of agricultural eco- 
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nomics that has been successful in introducing 
macroeconomic elements into agricultural 
models. The work of Penson, Penson and 
Hughes and Gardner (1976) serve as promi- 
nent examples. However, the first task that 
must be completed in this area is the identifica- 
tion of monetary variables that are likely to 
have an econometrically measurable effect on 
agricultural commodity trade. In the forego- 
ing, we have already seen that several studies 
have been able to introduce the level of the 
money supply, the exchange rate, and the dis- 
count rate into agricultural trad2 models. 
However, there are likely to be many other 
essentially monetary factors or instruments 
which will have a dramatic impact on these: 
markets. Before they can be included in struc- 
tural models, they must be isolated. This area 
seems to be a particularly fertile grcund for the 
use of causality tests of the type carried out by 
Barnett, Bessler, and Thompson. 

Because it is always easier to suggest exten- 
sions of previous work than to pursue them, I 
have carried out some simple causality tests 
between several measures of agricultural 
commodity trade and several monetary in- 
struments. These tests are rather quick and 
dirty and should be interpreted cautiously, but 
I feel that they provide some evidence on the 
relationship between monetary instruments 
and agricultural commodity trade. These tests 
rely on a somewhat arguable notion of causal- 
ity developed and expounded in a series of 
articles by Granger and others (see especially 
Granger and Newbold) which suggests that 
causality requires a time delay. Thus, one time 
series is said to ‘‘cause’’ another if its past 
values somehow or other help to explain or 
lead current values of the other series. Rather 
than plunge into an extended discussion on the 
philosophical merits of this definition of cau- 
sality, I refer you to a series of articles in the 

‘agricultural economics literature using this 
approach (Weaver, Bessler and Schrader). 

My application follows that taken in the 
paper by Barnett, Bessler, and Thompson and 
boils down to simple regression zechniques. If 
we have two time series х(г) and z(r) and the 
following regression equations, 


m 


(60 ха) = X a, x(t — i) + eit), and 
i=1 

(x) = Y baxt- i 
#=1 


+ У c; Z(t — i) + u(t), 
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where e(t) and u(t) are the stochastic compo- 
nents, 2 (1) will be said to ‘‘cause’’ x(t) if equa- 
tion (7) provides a better description of the 
behavior of x(t) than (6). As a practical matter 
the test of causality reduces to a test of the null 
hypothesis that с, = с, = – . . . = с = бапа 
can be based on the statistic 


SSE; — SSE, Т-т-—р 
SSEg p ^ 


which is distributed as F(p, T — m — p) where 
SSE; is the sum of squared errors associated 
with equation i. To check for the existence of 
severe autocorrelation which might nullify the 
results of this test the Box-Pierce Q-statistic 
(see Granger and Newbold p. 93 or Bessler 
and Schrader) can be calculated and compared 
to tabulated chi-squared values. 

Within this general framework, I carried out 
several separate investigations. I first tested 
the following four hypotheses: (a) the money 
supply does not ‘‘cause’’ agricultural exports; 
(b) the money supply does not ‘‘cause’’ ag- 
ricultural imports; (c) the interest rate does 
not ‘‘cause’’ agricultural exports; and (d) the 
interest rate does not ‘‘cause’’ agricultural im- 
ports. As empirical measures of agricultural 
exports and imports I used value of agricul- 
tural exports and imports as reported in the 
Survey of Current Business. For the money 
supply I used currency in circulation, and for 
the interest rate I used the discount rate at the 
New York Federal Reserve. Data were 
monthly for the period 1973 through mid-1980 
and m = p = 12. In both cases, there was no 
evidence of severe autocorrelation. The calcu- 
lated F-statistics with (12, 56) degrees of free- 
dom are, respectively: (a) 2.443, (b) 2.902, (c) 
1.69, and (d) .9198. (a) and (b) are significant 
at the .05 level. Thus, there is some evidence 
for this time period of a causal relationship: 
between money supply and agricultural ex- 
ports and imports, with little evidence of a 
causal relationship between the interest rate 
and agricultural exports and imports. 

From a somewhat more historical perspec- 
tive, I next tested the null hypothesis that 
money supply did not ''cause" the level of 
wheat exports for the period 1892-1952. Неге 
the money supply is identified with the total 
currency in circulation in the United States. 
Data were annual and were obtained from His- 
torical Statistics of the United States. The 
model used had m = p = 5. Again autocorrela- 
tion did not pose a serious problem and the 
calculated F-statistics with (5,50) degrees of 
freedom is 3.547 which is significant at the .1 
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but not at the .05 level. Thus there is some 
limited evidence of causality in this series as 
well ` 

One should be careful how these results are 
interpreted. А main reason for advising cau- 
tion in this area is that there obviously exist 
several alternative measures of each of the 
aggregates under consideration. This is par- 
t:cularly true of the money supply variable. À 
glance at a recent issue of the Survey of Cur- 
rent Business reveals five separate defini- 
tions of the money supply (MI — A, M1 — B, 
M2, M3, and L). Second, the approach used 
above leaves much to be desired, and a more 
attractive procedure for causal tests has re- 
cently been suggested by Ashley, Granger, 
and Schmalensee. However, the sort of test 
carried out abcve should remain attractive on 
a practical level in choosing variables to be 
included in larger-scale structural models. 

The ultimate issue that one must face in any 
econometric cr programming exercise is 
whether to build mcdels specific to the prob- 
lem at hand, as has been the case with the 
work of Chambers and Just (1981), or whether 
to aim at the construction of models that are 
sufficiently general to allow for a wide-ranging 
series of empirical examinations. The debate 
between big and small models is not new but is 
particularly relevant in this area because what 
is being sugges:ed is the integration of two 
relatively disparate sectors of the economy in 
a single econometric or programming model. 
One must be particularly careful how this is 
accomplished since model specification ulti- 
mately determines the result of the modeling 
exercise. As a first step in this area, I would 
sugzest the integration of reduced-form equa- 
tions incorporating monetary instruments into 
fairly specific agricultural trade models. The 
literature on the specification of price trans- 
mission equations in econometric models of 
agricultural markets in developing countries 
that are isolated from the international market 
should be particularly helpful in this regard 
(e.g., Haessel and Vickery, Wong). Further- 
more, because -nonetary instruments may 
often be classed as government controls, it 
seems that the work of Abbott on modeling 
governmental influences on international trade 
also would be pa-ticularly relevant. 

I suggest the use of fairly specific models as 
a first step in this area because as a general 
principle it is necessary to know the enemy 
before he can be cvercome. It seems better to 
first discover and solve the problems asso- 
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ciated with smaller models and proceed from 
there то more complicated matters. One of the 
most valid criticisms cf very large-scale gen- 
eral models is that, because of their very na- 
ture, -hey must ignore many details in their 
modeling effort. I feel that a more piecemeal 
approach would give modelers a better feel for 
just waat can and cannot be ignored. On the 
other Rand, large-scale models eventually will 
be indispensible to this area of research be- 
cause t is only on a large scale that one can 
hope to capture all the market interactions and 
linkages which must be examined in such an 
area. 
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Interrelationships between Spot and 
Futures Markets: Some Implications of 
Rational Expectations: Discussion 


James D. Sullivan 


Grain markets in recent years have been 
highly volatile making price forecasting in- 
creasingly difficult. Price variability is a com- 
plex problem not only for producers but for 
processors as well. Commodity purchasing 
decisions involving when to be long, short, or 
` on the market are increasingly important. Un- 
derstanding the relationship between the spot 
(cash) and futures markets is one of the most 
important elements in an effective and 
efficient commodity purchasing department. 
To those firms in agribusiness, futures markets 
provide tools for risk management and pricing. 
Thus, information or knowledge about these 
tools is valuable to business operations. 

Dewbre states the purpose of his paper is 
twofold: first, proposing an econometric mod- 
el recognizing rational expectations and, sec- 
ond, exploring the implications of such an ар- 
proach on two issues. The implications are 
directed toward (c) given changes in economic 
information, what is the direction and mag- 
nitude of cash and futures price changes along 
with the accompanying direction of causality; 
(b) the forecasting performance of the futures 
markets. 

Urfortunately, the final version and empiri- 
cal results were received shortly before the 
meeting. In these brief comments, much of the 
discussion will center on the practical applica- 
tion cf the proposed model. In bridging the gap 
between the theoretical and applied, questions 
will te raised about the empirical model, the 
data, and the conclusions. 


'The Model and Data 


I commend Dewbre in his research effort. He 
has recognized and outlined the inconsistency 
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of the two market theories, i.e., supply of 
storage and anticipatory prices in explaining 
and predicting cash and future price relation- 
ships. The agribusiness community deals with 
this inconsistency every day in the applied 
economics arena. The proposed model which 
incorporates the rational expectation hypothe- 
sis dces, thereby, provide the avenue for 
exploring these shortcomings. 

In general, any model attempting to explain 
empirical price movements for a commodity 
must be based on assumptions not only about 
the structural relationships that determine the 
price but also those that determine the produc- 
tion, consumption, and inventory level of the 
commodity. The assumptions one makes about 
the equations are critical in determining the 
appropriate model structure. The theoretical 
specification of the stock demand equation 
does not include the farm price support loan, 
but was discovered to be the most significant 
variable. I would suggest for consideration a 
variable measuring the competitive demand of 
commodities on storage capacity. This could 
be expected price ratios as proxies for one 
commodity’s storage demand relative to oth- 
ers. There is a point of confusion about the 
graphical solution as presented. The confusion 
rests with the future period price expectation 
variable during the iterative process. It ap- 
pears that lagged values of the price expecta- 
tion variable are being used. Will this lead to 
an accumulation of estimation error? Data 
transformation on the stock demand equation 
in the empirical model could have been in- 
cluded in the theoretical specification. 

Data problems abound in empirical re- 
search. The exclusion of the price support 
loan variable illustrates this point. Necessary 
information, but excluded, to test Dewbre's 
proposed model is the estimated historical 
time period. We do know the frequency of the 
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period is monthly. It would be necessary for 
the proposed modeling approach to stand the 
test of time. The structure of the wheat market 
has changed. Wheat production and exports 
have grown considerably in recent years. A 
market participant’s profile of rational expec- 
tations would be different in the 1960s than in 
the 1970s, particularly when one considers the 
importance of large export sales and changes 
in government policy reducing government 
stocks during the decade of the seventies. 
Other data questions: Why was the wheat 
market chosen for this investigative endeavor? 
Why the Kansas City market and not the 
Chicago market? How do we treat the various 
contract months? 

The empirical results provide limited sup- 
portive evidence. Statistically, the results 
were Satisfactory. However, no simulation or 
predictive results were presented. This is a 
necessary test for the proposed rational expec- 
tation approach. It was stated that over one- 
half of the turning points were picked up. I 
believe it is significant to know the circum- 
stances surrounding those that were missed. 
An autocorrelation problem was admitted. 
The seriousness of this problem depends 
somewhat upon the pattern of estimation er- 
rors. Also, simulation results would have pro- 
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vided the necessary empirical evidence to 
support the graphical solution. 

Dewbre’s introduction of rational ecpecta- 
tions in econometric modeling begins to close 
the gap left by the two well-known market 
theories. But, the paper does not provide 
sufficient evidence for me to accept the infer- 
ences drawn concerring the issues of direc- 
tion, magnitude, and causality or that of the 
forecasting accuracy and performance of the 
futures markets. In both cases, he documents 
the conclusions drawn from prior research 
studies but fails to give enough supportive 
evidence, i.e., empirical results, to reach the 
conclusions drawn. 

In closing, his paper does address the gen- 
eral theme of evolving relationships. I want to 
agree with inferences drawn with respect to 
direction, magnitude, and causality. However, 
I find that the analysis does not provide me 
with sufficient basis for complete acceptance. 
I do applaud Dewbre’s effort. He has recog- 
nized and provided sufficient review of re- 
search to illustrate the shortcomings of the 
supply of storage and anticipatory price theo- 
ries. The test of his approach lies with empiri- 
cal and simulation results. I urge him to con- 
tinue to pursue the matter and extend the 
analysis to other commodities. 


Interrelationships between Monetary 
Instruments and Agricultural Commodity 


Trade: Discussion 


Maury E. Bredahl 


Tte evolving relationships of macroeconomic 
variables (which Chambers terms monetary 
instruments) necessitates two quite different 
types of analyses. The analysis of the evolving 
relationship of agricultural prices (and hence 
utilization, income, etc.) and macroeconomic 
variables in a post-harvest context (within 
marketing year) or across a few marketing 
years may be termed commodity analysis. The 
analysis of the evolving relationship of mzcro- 
eccnomic variables and the long-run equilib- 
rium of the agricultural sector may be termed 
agricultural adjustment analysis. 

Much of commodity analysis is logically di- 
recced toward the domestic and foreign de- 
mand sectors. The supply side of the livestock 
ѕестог is also impacted by interest rate fluctua- 
tions in the short run. Much of this analysis 
utilizes a forecasting (versus projection) 
framework. This analvsis identifies marketing 
strategies for farmers, procurement strategies 
for processing firms, and strategies for hedging 
in commodity and currency futures markets. 

Agricultural adjustment analysis addresses 
the -elationship of the long-run equilibrium in 
the agricultural sector (prices, comparative 
advantage, employment, for example) and 
macroeconomic variables. The results of this 
analysis might include a comparison of long- 
run adjustments to agricultural policies with 
Пехізіе exchange rates versus fixed exchange 
rates, supply response to fluctuating (or high) 
interest rates, or changes in regional crop- 
livestock production in response to mac- 
roeconomic adjustments. This analysis re- 
quires a careful study of agricultural supply. 

Consider the consumer demand for gaso- 
line. In the short run, only the miles driven 
is a decision variable. In the long run, the 
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replazement of the existing stock of cars (capi- 
tal) with a more efficient fleet is the crucial 
factor. Forecasting gasoline consumption for 
the nex: six months (or even the next year) 
requires a much different analysis (model) 
than that required to project consumption for 
1985 or 1990. 

In my view, these two types of analysis of 
the evolving relationships in commodity mar- 
kets are equally important and each deserves 
equal time. Chambers seems to address only 
the very important agricultural adjustment re- 
lationship. The remainder of this. discussion 
presents my perspectives on (a) commodity 
analyses and macroeconomic variables, (b) ag- 
ricultura. adjustment, and (c) potential pitfalls 
of reseerch on the interaction of mac- 
roecononic variables and agricultural trade. 


Commodity Analysis 


A great leal may yet be learned from com- 
parative static partial equilibrium trade mod- 
els. Agricultural trade is characterized by nu- 
merous trade restrictions—many of a nontariff 
variety. I- is characterized by state trading and 
large muitinational grain firms. It is charac- 
terized by substitution among commodities 
(especially among feed grains, between feed 
grains and oilseeds, among vegetable oils, and 
between cotton and manmade fibers) in both 
the domestic and foreign markets. 

Yet, much of the recent literature relies 
primarily on a free-trade, one-commodity 
model (Kost, Bredahl and Gallagher). A mul- 
ticommodity model was presented by Cham- 
bers and Just but in a free-trade setting. Col- 
lins, Meyers, and Bredahl consider trade re- 
strictions (via the price transmission elastic- 
ity) but in a single-commodity setting. 

A logical progression of this type of analysis 
would seem to point to the development of 
theoretical multicommodity models that ex- 
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plicitly consider trade restrictions. The im- 
pact of an exchange rate change may be much 
different in a restricted trade model than a free- 
trade model. For example, a devaluation of 
the dollar probably will reduce corn exports to 
the European Community (Bredahl et al.). 
On the other hand, oilseed exports would be 
expected to increase more than that suggested 
by a free-trade model. The internal corn price 
is fixed by the threshold price (and the vari- 
able levy) while soya prices would be reduced 
by a devaluation. Thus, soymeal would be 
substituted for corn in livestock -ations. 

I am less willing than Chambers to minimize 
the importance of the theoretical restrictions 
on structural and reduced-form elasticities de- 
rived from partial equilibrium models. The 
high correlation among economic time-series 
variables precludes, in many cases, the uncrit- 
ical acceptance of econometric results. Theo- 
retically derived restrictions play an important 
role in evaluating econometric results. For ex- 
ample, I have difficulty rationalizing a small, 
statistically nonsignificant, estimated coef- 
ficient on price with a large, statistically sig- 
nificant estimated coefficient on an exchange 
rate variable in export demard equations 
(Chambers and Just 1981). 


Agricultural Adjustment 


Although the long run is simply a series of 
short runs, quite different analysis (models) is 
(are) appropriate. The supply-side interaction 
with macroeconomic variables is most interest- 
ing. Important areas include capiial formation, 
technical innovation and adcption, input 
costs, resource constraints, and labor migra- 
tion. All of these variables are treated as exog- 
enous in commodity analysis. 

Chambers presents evidence of a causal re- 
lationship of monetary (macro) variables with 
agricultural exports and prices. This type of 
research is to be commended; the disconcert- 
ing gaps in our knowledge of these interactions 
should be closed. In addition to the caveats 
mentioned in interpreting Granger causality 
results, spurious correlation is assumed away; 
i.e., the apparent association between two 
variables occurs only because doth variables 
are correlated with a third variable (Green and 
Albrecht). 

A key question is the nature of the interac- 
tion between the agricultural sector and gen- 
eral economy. If the causality flows only from 
the general economy to the agriculture sector, 
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agricultural models can be specified and esti- 
mated independently. If the interactions are 
simultaneous, the models must be estimated 
jointly. The causality evidence presented by 
Chambers seems to test only the unidirec- 
tional flow from the general economy to the 
agricultural sector. The test of simultaneous 


. interaction of variables in the agricultural sec- 


tor with those of the general economy vari- 
ables is more interesting. 

Given this emphasis, I am a bit puzzled by 
the direction of empirical research suggested 
by Chambers. The suggestion is ‘‘the integra- 
tion of reduced-form equations which incorpo- 
rate monetary instruments into fairly specific 
agricultural models." The testing of the in- 
teraction of the agricultural sector (partic- 
cularly agricultural exports) and macroeco- 
nomic variables (such as the interest and 
exchange rates) suggested by many agricul- 
tural economists (for example, Schuh, Tweet- 
en) requires a much different emphasis. Many 
important questions—the impact of agricul- 
tural exports on the exchange rate, for exam- 
ple—cannot be answered by the approach 
suggested by Chambers. 


Empirical Pitfalls 


My empirical research has surfaced several 
factors that must be considered in research of 
the intraction of macroeconomic variables and 
the agricultural sector (trade). First, there is a 
clear distinction between commercial and 
noncommercial trade. The latter category in- 
cludes PL480 and aid exports and trade by 
centrally planned economies. Commercial ex- 
ports are clearly responsive to price (exchange 
rate) changes. Noncommercial exports would 
be expected to respond differently to price 
(exchange rate) changes or not at all. 

Second, the impact of exchange and interest 
rates would be expected to vary among com- 
modities. Trade restrictions are different for 
different commodities. An acceptable ex- 
change rate measure specific to each of several 
commodities does not exist. The SDR-dollar 
ratio, which is heavily weighted by bilateral 
exchange rates of developed countries, is an 
unacceptable measure (except for soybeans 
and soymeal) because a large proportion of 
wheat and coarse grain exports are to develop- 
ing countries. Price insulation policies also 
must be considered. 

Third, cross-commodity effects are criti- 
cally important. Substitution in both the 
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domestic and foreign demand sectors is well 
documented. Omission of these cross-effects 
leads to erroneous results and conclusions. 

Fourth, estimated structural equations (and 
estimated redvced-form equations, for that 
matter) must be based on a sound theoretical 
model and recognize trade restrictions. I am 
continually mystified by the strong interaction 
hypothesized between wheat exports and the 
exchange rate. Consumer and producer prices 
in all developed countries and most develop- 
ing countries are perfectlv isolated from world 
market prices. Further, most income elas- 
ticities are small and, in some cases, negative. 
Wnat is the mechanism, then, by which ex- 
change rate variations impact significantly on 
U.S. wheat exports? 
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Microeconomic Impacts of Inflation on the Food 


and Agriculture Sector 
(Alan R. Bird, ESS USDA, Presiding) 


The Differential Impacts of Inflation on 
Southern Plains Farms by Selected 


Farm Characteristics 


Francis X. O’Carroll 


One important result of federal fiscal- 
monetary policy in recent years has been a 
general inflation so persistent that some ob- 
servers fear that it may lead to a new structure 
of the national economy, perhaps with infla- 
tion as an inherent characteristic. Inflation is 
defined here as a continual increase in the 
average price level of goods and services. Se- 
rious questions arise concerning the impact of 
inflation on the farming industry. How will 
inflation affect ease of entry to the industry, 
and how will it affect the ability of farms of 
different characteristics to survive and ex- 
pand? Do the traditional methods of farm 
financing continue to ensure survival of most 
types of farms at high levels of inflation? 
Would real growth of farm equity be enhanced 
by periodic indexing of the U.S. income tax 
schedules to the inflation rate? 

The impact of inflation on the farming indus- 
try has been discussed by many authors from a 
general or aggregate perspective (Tweeten and 
Griffin, Ruttan, and Johnson, for example). 
The relationship between inflation and the 
farm sector’s financial performance and struc- 
ture, its financial markets and institutions, and 
farm level financial management, were re- 
cently surveyed, respectively, by Lins and 
Duncan; Klinefelter, Penson and Fraser; and 
by White and Musser. 

Inflation impacts strongly on the main ele- 
ment involved in the expansion of the farm, 
namely land. Tweeten has shown that where 
inflation is fully anticipated, the cash cost of 
owning farm land is increased, while returns 
are partly deferred in the form of capital gains. 
Interest alone exceeds land earnings to pro- 
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duce negative cash flows; but, over time, the 
current returns increase to a point at which 
positive cash flow exists. In the purchase of 
land this phenomenon places the new entrant 
to farming at a competitive disadvantage rela- 
tive to the established farmer who can use 
cash flow surplus from his existing holdings to 
offset the initial negative cash flow of a new 
purchase. The established farmer may also 
have a much greater advantage in the purchase 
of land if the mortgage interest rate that per- 
tains to bis existing holding was established 
before the present inflation was anticipated. 

Inflation at high rates reduces the maximum 
size of farm that an entrant to farming may 
buy—directly because he can buy less land 
with a given equity, and indirectly because the 
diminished cash flow suffices only to support a 
smaller debt load. The case of a farm having 
zero cash flow in its first year was analyzed by 
Eginton, and is not considered in this study. 

If land costs prove a barrier to entry in the 
farming industry, and if size and priority of 
establishment determine the potential for ex- 
pansion, ease of entry to the industry and the 
national pattern of family farms will be: seri- 
ously threatened. Entry, however, may still be 
feasible for limited resource beginners who 
have access to rental land and off-farm in- 
comes. 

Robison and Brake, applying capital budget- 
ing techniques to long-term assets, have 
shown that the growth of the firm's equity will 
be reduced by inflation if lending limits are 
based on the income of the long-term assets. 

Having indicated that a system of uniform 
loan repayments can contribute to the liquidity 
problem associated with inflation, Robison 
and Brake recommended use of a repayment 
system that more closely fitted the pattern of 
income under inflation. 
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This paper focuses on microeconomic ef- 
fects of inflation, reporting the results о? 
simulating the effect of inflation on Southerr 
Plains farms which differ by such features as 
enterprise mix, size, tenure, and growth strat- 
egv. 


Model Development 


The following analysis was conducted based 
on typical farms in Oklahoma, Kansas, and 
Ne»raska as described in U.S. Department of 
Agriculture's (USDA) Typical Farm Data 
Seres (Fawcett and Thornton). The series 
provided estimates of farm size, labor re- 
quirements and wages, value and composition 
of machinery, and livestock complements. 
Land prices provided by the series were up- 
dated to represent a 1979 purchase price. 

Envisioned in the base scenario for each 
farm was a young married farmer with a wife 
and two infant children—the full family, 
operating as a sole proprietorship, and having 
before him an expected working life of thirty 
years, during which it is his objective to 
maximize the amount of land owned subject to 
a level of leverage that has acceptable risk. A 
modest level of living, $12,600 per year in 1979 
dollars, is assumed. In cases where a farm 
does not provide the farmer full-time employ- 
ment (2,000 hours/year), off-farm work is as- 
sumed to be available at $7.50 per hour, ap- 
proximately the national average industrial 
wage for males in 1979. The farmer's family is 
assumed to provide 600 hours of farm labor 
per year, and the farmer provides the remain- 
der up to a total of 2,600 hours for the entire 
family. The chilcren leave the farm in the 
twentieth year, thereby reducing total labor to 
2,100 hours per year. As farm size increases 
the farmer increases his on-farm hours at the 
expense of the off-farm hours. Hired labor is 
used when labor in excess cf that supplied by 
the family is required on the farm. 

It was assumed that the farmer at the start of 
the thirty-year period had farming experience 
in which he acquired requisite skills and cred- 
itworthiness, and, if not inherited, the capital 
needed to begin operations in year one of the 
simulation. 

The simulation model, a modified version of 
that reported by Eginton, is used to estimate 
the growth path of net worth of farms synthe- 
sized from the input data of the Typical Farm 
Data Series of the USDA. The model first 


Amer. J. Agr. Econ. 


calculates income components based on 
equity, labor, management, and if appropriate, 
off-farm work. Equity income is based on a 
4% real rate of return (Tweeten). Cash flow is 
calcu.ated by deducting U.S. income taxes, 
social security payments, and debt retirement 
payments from income. The decision as to 
whether to expand, and by how much, is then 
made. Cash flow generated in a given year is 
spent 1 January of the following year if expan- 
sion is allowed. 

It is assumed that the owner's first use of 
purchasing power for expansion is to replace 
rented land by owned land. When all rented 
land is replaced, further expansion requires 
purchase of auxiliary resources, livestock, and 
machiaery. The model specifies that all cash 
on hand be spent before the line of credit is 
tapped. 

Twc growth strategies, A and B, were used. 
Strategy A, the cash-flow strategy, permits 
purchase of resources for expansion if, subject 
to a preselected maximum farm leverage level, 
a minimum of 40 acres of land and auxiliary 
resources can be purchased with available 
internal financing and a line of credit based on 
current cash flow, if positive. The magnitude 
of the line of credit is cash flow times the 
amortization factor for the resources being 
purchased. The amortization factor used was 
the uniform series of payments present value 
(USPV), given the appropriate interest rate 
and the term for which the money was lent. It 
was required that purchase be made to the 
value of the cash on hand and the total line of 
credit. 

Growth strategy В, was based on the ‘‘min- 
ing" of equity as collateral for external financ- 
ing of growth. A leverage ratio of 1 limited the 
line of credit, and there was an added re- 
quirement for resource purchase, namely that 
cash flow be positive in the current year. 

Loans for the purchase of land were ex- 
tended for thirty years using a 3% real rate of 
interest, and a system of equal loan repay- 
ments was used. A 4% real rate of interest was 
used for short-term borrowing associated with 
purchase of machinery, livestock, and the 
zovering of cash flow deficits. 

The model handles inflation through provi- 
sion for inflating resource earnings and prices 
and through adjusting real rates of interest to 
aominal rates. The model provides for index- 
ing taxes to inflation on an annual basis or at 
other regular nonannual intervals. Money val- 
wes for output variables are all reported in real 
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1979 dollars. Unless it is otherwise indicated, 
income tax schedules were indexed annually 
for inflation. 

The benchmark farms served as a focus of 
comparison for the alternative scenarios used 
in the study. Key characteristics were initial 
size of operation, initial tenure, and growth 
strategy employed. 

The initial size of operation measures the 
acreage of land farmed in year one. Three 
sizes were chosen; the two smaller, one-third 
and two-thirds the size of the typical or family 
farm size, represent the more common entry 
level farm sizes; the largest represents the es- 
tablished farmer or rare wealthy entrant to 
farming. 

In the context of this study the terms full 
owner, owner, and full renter signify initial 
full, half, and zero equity in land, respectively. 

The attributes of the benchma-k farms for 
Oklahoma, Kansas, and Nebraska are (a) the 
intermediate size, that is two-thirds of the typ- 
ical size, (b) the owner status as defined 
above, and (c) the use of growtk strategy A. 
The initial sizes of operation for the Okla- 
homa, Kansas, and Nebraska farms were 
640, 425, and 425 acres, respectively, and 
their respective net worths were $400,000, 
$310,000, and $561,000. Initially, all farms had 
100% equity in livestock and machinery. 


Results 


First the effects of inflation rates on the 
growth of equity in the three benchmark farms 
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under various growth strategies are presented 
(tables 1 and 2) and discussed. Then the ef- 
fects under inflation of initial farm size, initial 
land equity rate, and size of off-farm income 
are presented. Third, the impact of tenure 
under inflation is examined. Finally, results 
are presented showing how farm growth is 
affected by such factors as unanticipated infla- 
tion, failure to index the U.S. income tax 
schedules for inflation, and automatic quin- 
quennial indexing of U.S. income tax sched- 
ules for inflation. 


Equity Growth Rates under Inflation 


The pattern of equity growth rates under infla- 
tion was similar for all farms across all growth 
strategies used (table 1). The pattern shows 
that growth rates at all nonzero levels of infla- 
tion up to 12% are above those for no inflation 
and that they first trend upward to a maximum 
between 3% and 7% inflation and then trend 
slowly downward. Most net worth growth 
rates peaked at 6% or 7% inflation. 

Data from table 2 provide insights into the 
behavior of the system underlying the growth 
rates pattern in table 1. The pattern of growth 
across inflation rates reflects the influence of 
factors such as (a) the growth strategy used, 
(b) the nonlinearity of the U.S. income tax 
schedules, and (c) the use of uniform loan 
repayments schedules. 

With higher inflation, the greater interest 
rates reduce income initially, causing negative 
cash flows, thereby restraining growth in pe- 
riod one, the first fifteen years. Subsequent 


Table 1. Results of Thirty-Year Simulation Showing the Impact of Inflation on the Growth Rate 
of Net Worth of Benchmark Farms in the Southern Great Plains Using Two Growth Strategies 


Compound Annual Rates of Growth 

















Oklahoma Kansas Nebraska 

Farm? 
Growth Strategy? A В, А B, A B, 
Inflation Rate (%) 

0 3.75 4.57 4.63 5.85 3.42 4.12 
1 4.02 5.27 4.85 6.40 3.68 4.73 
3 4.54 6.15 5.39 7.21 4.27 5.87 
5 4.71 6.51 5.38 7.56 4.42 6.37 
6 4.72 6.53 5.28 7.64 4.43 6.07 
7° 4.72 6.30 5.15 7.50 4.44 5.89 
12 4.68 5.64 4.91 6.43 4.26 5.34 








a Oklahoma: a typical Oklahoma commercial cotton, wheat, and beef farm, initial size 640 acres; Kansas: a typical Kansas commercial 
wheat sorghum, beef farm, initial size 425 acres; Nebraska: a typical Nebraska irrigated corn farm, initial size 425 acres. 
ъ See text for details of growth strategies. Grawth strategy A sets borrowing limits on the basis of cash flow, and growth strategy B, uses 


equity as the basis of borrowing. 


° Data not shown here indicates that the maximum growth rate for both Oklahoma and Nebraska under growth strategy A occurred at 7% 


inflation. 
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recovery leads to stronger growth in the sec- 
ond period. For example, under strategy A, at 
1296 inflation, period one growth rate of net 
worth is 4.40%; but for the overall period it is 
4.46%. Similar results are obtained for strat- 
egy B,, but the magnitude of growth rates re- 
flects the generosity of the line of credit asso- 
ciated with the strategy. 

In the absence of inflation, growth rates of 
net worth were lowest. With strategy A, all of 
the acreage expansion occurred in the first 
period (table 2). Data not shown revealed that 
all of the purchases of 600 acres of land were 
made by year eight, and thereafter no pur- 
chases occurred. The reason is that cash flow, 
which with low interest rates was large in the 
first year, thereafter declined continually so 
that negative cash flows averaging $4,900 oc- 
curred throughout the second fifteen-year pe- 
riod. The system of uniform loan repayments 
and high taxes contributed to this outcome. In 
the absence of purchases for expansion, inter- 
est payments declined annually at an increas- 
ing rate, and principal payments increased by 
an identical amount. Taxable income in- 
creased as interest payments declined, and 
taxes increased disproportionately because of 
increasing marginal rates. Taxes and principal 
payment increases far exceeded the increase 
in income annually and the result was an 
ever-declining cash flow. 

Great increases in farm size were achieved 
under strategies B, at 6% and 12% inflation. 
The results show that by operating under fairly 
restrictive leverage ratios growth can be con- 
siderable if lenders are willing to provide 
short-term financing for cash-flow deficits. 


The Impact of Initial Size of Operation on 
Growth of Equity, Given Inflation 


The results for the three sizes of farm under 
two levels of inflation (scenarios 1 to 6), table 
3, show that the large farm grew faster than 
the medium-sized farm, (4.87% vs. 4.72% at 
6% inflation, for example). However, the 
growth rate of the small farm was greatest of 
the three at 12% inflation and greater than that 
of the medium-sized farm at 6% inflation. The 
relative success of the small farm in growth 
rate (but not absolute growth) is attributed to 
the strong influence of off-farm income in the 
first period of fifteen years, where the growth 
rate was much higher than for the overall pe- 
riod. The greater growth of the large farm is 
attributed to the greater initial net worth and 
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size which made more income available for 
growth. Scenarios 7 and 8, compared to 5 and 
6, show that with the same initial size of opera- 
tion at both levels of inflation, the farm with 
the smaller net worth makes smaller absolute 
increases in net worth. However, the rates of 
growth do not always correlate with initial size 
of net worth. Scenarios 9 and 10 compared to 
scenarios 6 through 8 show that a high off-farm 
wage ($15.00 vs. $7.50) can go a long way 
toward boosting the expansion of farm size. 
Growth rates were increased by about one 
percentage point. It must be noted that off- 
farm income here, through its contribution to 
growth in early years, causes itself to be 
phased out. An owner with a high off-farm 
wage could opt to hire farm labor to service his 
farm growth and continue to work off-farm 
with dramatic effect on his farm growth rate. 

In synthesizing the small farm from the typ- 
ical farm, no downward adjustment of rates of 
return was made to reflect possible losses in 
operational efficiency. If such adjustments 
were made, it is likely that increases in net 
worth would have been modest. 


The Impact of Tenure on Growth of Equity 


The full renter grew at a faster rate than the 
full owner, but the full owner added substan- 
tially greater equity to his farm in thirty years. 
Having only 640 acres to farm, the renter ben- 
efitted from off-farm income to the extent of 
$5,700 per year on an average (table 4). An 
increase in size of operation would help the 
initial renter, but he would lose some of the 
benefits of off-farm income; therefore the high 
rate of growth could not be maintained. Note 
that year 1 results are the same irrespective of 
the inflation level in both main tenure 
situations—because assets are held at full 
equity in year one by both full owner and the 
renter. Data for the owner is included for con- 
trast. The very modest increase in net worth 
(in thousands of dollars) for initial renter, 266, 
is dwarfed by that for the full owner, 2365. In 
year thirty, the renter stil] had smaller equity 
in real terms than had the owner in year one. 
Land ownership in farming is seen to be the 
primary criterion for success. By reducing ini- 
tial land ownership through smaller mortgage 
that can be serviced with cash flow, higher 
inflation rates give a comparative advantage in 
farm growth to high-equity or established 
owners at the expense of the low equity and 
entry level farmer. 
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Irflation, Taxation and Interest Rates 


Expectations by the electorate that high infle- 
tion will persist could result in Congress being 
pressured to index <axes to inflation. The at- 
sence of tax indexing produced the lowest 
growth rate of the Oklahoma benchmark farm, 
4.19% (table 5). Indexing taxes every буз 
years was nearly as beneficial to growth as 
indexing annually, and annual average incom? 
tax paid increased by only $200. Both in- 
stances of tax indexing increased growth rates 
by about one-half a percentage point above the 
nonindexing result. 

Failure to anticipate inflation by the lende- 
who financed the original land purchase, re- 
su ting in a 3% nominal instead of a 9% nomi- 
nal interest rate, would prove beneficial to the 
owner of the Oklahoma farm. The growth rate 
increased by 1.24 percentage points, based or. 
a loan on 320 acres at 1979 prices, fully lever- 
aged. 

Finally, the no-tax scenario is included, not 
because it is realistic or likely, but to show the 
magnitude of the impact of the tax burden at 
6% inflation. It accounts for 0.4 percertage 
points difference from the indexed taxes re- 
sult. That small change reflects the low annual 
average tax burden experienced at 676 infla- 
tion by a farm which has substantial deduc- 
tions to keep taxable income low. 


Summary 


The growth rates of net worth under inflation 
first trended upward and then trended down- 
ward slightly. The peak growth rates were 
reached between 3% and 7% inflation; most, 
however, peaked at 6% or 7% inflation. The 
proportional impact on net worth growth rate 
from 6% to 12% inflation was uniform across 
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farms of widely differing characteristics. At 
highest inflation rates, however, the growth 
rate of zquity tended to decline. Moreover, at 
inflation rates above 675 cash flow deficits 
were common. Although leverage ratios were 
low, the magnitude and frequency of cash flow 
deficits were such that lenders who have not 
yet fully accepted the permanence of capital 
gains equity would probably be reluctant to 
offer refinancing. 

If a family farm structure is consistent with 
rapid expansion to an economic size unit in 
early years and restrained growth in later 
years, results of this study indicate that low 
inflatior rates contribute to such a structure. 
Furthermore. low inflation rates allow an 
entry level operator with a given equity, man- 
agement, and labor reserves to purchase a 
large farming unit. Low inflation rates also 
allowed farmers with a given equity to get off 
to a faster start, using cash flow surpluses to 
purchase more land. With time, uniform an- 
nual payments on mortgages having an in- 
creasing component of principal payment, 
raised taxes and reduced disposable income 
for expansion. The situation could be different 
if a giver equity would have been used initially 
to finance purchase of as large a farm as possi- 
ble subject to equity and cash flow restraints. 

Initial 2quity was a major factor determining 
the absclute growth in farm size, with full 
owners growing far more than renters begin- 
ning witk the same acreage. The implication is 
that if society wishes to restrain growth of 
farms, estate taxes can play a major role by 
reducing equity passed to heirs who enter 
farming. Such a policy would need to be ac- 
companied by policies such as higher property 
tax rates for nonoperator owners to discour- 
age investment in farmland by nonfarmers. 

These results depend heavily on the as- 
sumptions which included availability of off- 


Table 5. Inflation, Taxes, and Interest Rates Results for the Oklahoma Benchmark Farm, Using 








Stralegy A 
Net Worth 

Growth Rate Year 30 
(%) ($1,000) 
Taxes not indexed 4.19 1,372 
Taxes indexed, 5-year 4.70 1,586 
Taxes, indexed annually 4.72 1,598 
Low interest rate? 5.96 2,273 
No taxes 5.12 1,792 





Acres Owaed Income Taxes Cash Flow 

Year 30 Mean Mean 

(Acres) ($1,000) ($1,000) 
1,600 6.5 4.8 
2,040 2.7 6.8 
2,080 2.5 7.2 
3,120 3.0 11.6 
2,440 0.0 8.6 





Note: See footnotes, table 1, for details of the Oklahoma benchwork farm and of grcwth strategy A. An inflation rate of 65% was used in 


the low interest rate case (inflation net anticipated). 


? An interest rate of 3% nominal was used (even though 6% inflation existed) on the mortgage for the original purchase. The mortgage 


represented the value of 320 acres at the 1979 price. 
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farm employment, deterministic growth not 
subject to shocks which could сасѕе illiquid- 
ity, full anticipation of inflation, a constant low 
real level of consumption, and uniform debt 
payment schedules. The model, which cur- 
rently provides fairly crude approximations of 
long-term results using a parametric approach, 
does so at a very low cost. It could, however, 
be made much more sensitive and realistic by 
including elements to make explicit adjust- 
ments with respect to many of the assump- 
tions listed above and with respect to a num- 
ber of assumptions implicit in the model. Fu- 
ture studies will include a more detailed mod- 
eling of the mechanisms through which infla- 
tion is incorporated in agriculture, a more 
conventional consumption function, stochas- 
tic income elements, and loan repayment 
schedules other than the equal loan repayment 
schedule currently used. 
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Changing Agricultural Prices and Their 
Impact on Food Prices under Inflation 


К. С. Kite and J. М. Roop 


We know that mankind has lived with, suf- 
fered the consequences, or reaped the benefits 
of inflation since records have been kept. De- 
spite the centurizs of experience and hours of 
study and debate, we still are far from under- 
standing how to deal with persistent inflation 
and, in many cases, cannot agree among our- 
selves as to when or where its influences are 
beneficial or burdensome. 

From our рагісшаг orientation and train- 
ing, it is difficult for us to address the issues of 
inflation in any-hing but a microeconomic 
perspective. Yet at the microeconomic level, 
there is no inflation, just price change. So be- 
fore we begin, let us look a little closer at 
inflation. There is far less agreement, we find, 
on a definition of inflazion than there is on the 
consequences of price increases. We sketch 
out this process by way of introducing the 
empirical work we report later in this paper. 
This process reveals that microeconomic price 
increases in one sector, through their initial 
effect on consumer demand and their direct 
and indirect effects on costs of intermediate 
materials in other industries, can lead to inila- 
tion in the macroeconomic sense. Because this 
process is so fundamental to the way we mea- 
sure the effects of inflation, it is worth looking 
at it in somewhat more detail. 

To use a common economists’ device, as- 
sume that oil prices rise worldwide, with 
domestic prices rising in lockstep. The imme- 
diate effect will be on consumption. With 
energy prices higher, substitution will occur— 
less energy (gasoline, home heating oil, etc.) 
will be consumed relative to other commodi- 
ties. Simultaneously, bigher energy costs as 
factors of production or intermediate materials 
will permeate the industrial structure of the 
economy. With higher relative energy prices, 
firms will substitute capital and labor for 


R. C. Rite is Director, Agricultural Economics Research, Merrill 
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energy until, at the margin, relative prices are 
equated to relative marginal products. This 
will raise costs to all users of energy in rough 
proportion to their energy use, with conse- 
quent increases in product prices. Increases in 
product prices will, likewise, stimulate in- 
creases in negotiated wages as workers at- 
tempt to retain their prior relative standard of 
living. H.gher wages and higher product prices 
will cause other changes in consumption. 
Clearlv, -his process, to the extent that it per- 
sists, is what we call inflation.! 

There are several aspects of this process 
that we can highlight: (a) one consequence of 
price changes is a change in consumption pat- 
terns; "b; changes in costs will alter produc- 
tion arrargements in other industries, not just 
that industry immediately affected by price 


' changes;? and (c) ‘‘second-round”’ effects will 


wash through the entire economy, including 
the indasiry initially affected. All of these are 
microeconomic effects of inflation. But the 
task o? measuring them requires a mac- 
гоесопотіс perspective. 

Even the concept of inflation is mac- 
гоесопотіс. Consider the definition of Pren- 
tice and Schertz (p. 1): “Inflation, a rise in 
the generel price level, represents a decline in 
the reai purchasing power of money." The 
terms ‘‘general price level" and ‘purchasing 
power of money” are macroeconomic, not 
microecoromic in nature. Johnson’s (p. 104) 
definition, while very similar—‘‘a sustained 


1 We chcose this particular commodity to illustrate that inflation 
may well be a consequence of normal economic activity, in con- 
trast to the uncertone in much of what is written that suggests that 
inflation is somehow mposed on the system. Continuous deple- 
tion of a nonrenewab.e resource can certainly lead to persistent 
price increzses, and to increases in the general price level if the 
resource has Llmited substitutes. This analysis is further predi- 
cated on the reasonable empirical assumption that the Federal 
Reserve Syster, whether using interest rates or monetary aggre- 
gates as imtermediate targets, cannot effectively prevent such 
price changes ‘rom affecting the general price level. 

? The effects of uncertainty on the decision making of the firm is 
another consequence cf inflation, quite apart from the adjustments 
-equired by changing -elative prices. 
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rise in prices’’—has the added advantage of 
simplicity. But Johnson recognizes that ‘‘one 
encounters problems of some difficulty as 
soon as one tries to apply it in practice.’ The 
three major difficulties are (a) some price in- 
creases are not inflationary; (b) the choice of 
which prices or indexes are to be used; and (c) 
most measures of price do not adequately re- 
flect quality changes. Another definition, at- 
tributable to Pigou (p. 14), finds mflation to 
exist when ‘‘money-income is expanding rela- 
tive to the output of work by productive 
agents for which it is the payment.” This at- 
tention to income flows or factor returns is the 
complement to price changes in commodity 
markets; it stresses the general equilibrium, or 
microeconomic, aspects of inflaticn. 

This paper will address some inflationary 
effects—we concentrate on measurement 
rather than attribution. Since we are dealing 
with microeconomic measuremen:, by which 
we mean measurement of specific elements 
such as the number of beef cows on farms, we 
will avoid much of the argument about cause. 
Instead, we focus on price changes and the 
consequences of these changes. _ 

This, then, is what interests vs here: the 
adjustments that are made necessary by price 
increases and how these adjustments influence 
food and agriculture. We gauge these adjust- 
ments by simulating the microeconomic activ- 
ity in the agricultural sector with the Merrill- 
Lynch Agricultural Model. This simulation 
provides prices, quantities, and markups for 
the major outputs of the agricultural sector. 
These are then used to examine the mac- 
roeconomic consequences of changes in the 
agricultural sector using the Battelle FORSYS 
(Forecasting System) macroeconomic model. 
The results of these simulations are reported 
in the fourth section of this paper. Sections II 
and III provide descriptions of the agricultural 
and macroeconomic models, respectively. 


The Merrill-Lynch Agricultural Model 


The Merrill-Lynch agricultura: model is a 
quarterly microeconomic model of major ag- 
ricultural commodities. The crop portion of 
the model is a disequilibrium submodel, allow- 
ing for partial price adjustment when current 
and desired stocks are not in equilibrium. The 
livestock submodel is an equilibrium model 
that uses the U.S. Department of Agriculture 
supply-utilization accounting framework. 
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The livestock submodel has markets for 
beef cattle, calves, hogs, broilers, turkeys, 
eggs, and milk. Price determination occurs at 
the wholesale market, with marketing and 
processing costs added to obtain the retail 
price. Farm price is determined from the 
wholesale market price by taking into account 
transportation and other costs. 

The crop submodel has markets for food 
grains (three wheat commodities and rice), 
feed grains (corn, oats, barley, and sorghum 
grain), oil crops (soybeans, peanuts), and cot- 
ton. Production is determined from yields and 
acreages, with utilization demands and desired 
stock positions determining the current mar- 
ket price at the wholesale level. Equilibrium 
price at the farm level and cost of production 
then determine acreage planted with crops 
competing for alternative uses of land. 

Farm income is based on production and 
farm level prices for cash receipts and input 
costs and cost of production for expenses. The 
CPI for food and beverages is derived from 
producer level prices for agricultural commod- 
ities and markups that result from additional 
processing and retailing. 

The major exogenous inputs to the agricul- 
tural model are disposable per capita income, 
interest rates, population, the CPI for all items 
less food and beverages, and major wholesale 
prices that constitute costs of agricultural 
production—fertilizer, fuels and natural gas 
prices, and machinery costs. Wage rates and 
transportation costs are used to determine the 
marketing and processing costs that get added 
to determine retail prices. The major program 
variables that enter are loan rates, farm-held 
reserves, target prices, and other support pro- 
gram variables. Set-asides and acreage diver- 
sions are also included in determination of 
acreage planted. 

Some of these exogenous variables are de- 
termined in satellite models run prior to a solu- 
tion for the agricultural model. The two major 
agricultural satellite models are the fertilizer 
model and the farm machinery model. 


Battelle’s FORSYS Macroeconomic Model 


Battelle's FORSYS (Forecasting System) 
macroeconomic model is a 112-sector, annual, 
dynamic, input-output model of the U.S. 
economy. Final demand consists of consump- 
tion detail by fifty-nine categories, investment 
detailed by eighty categories of producers 
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durable equipment, and twenty-sever. con- 
struction categories, government expenci- 
tures, and net expcrts. Gross output is deter- 
mined from these final demands and the 
input-output structure of the economy. Prices 
and wages are determined by sector within the 
model and are used to determine net incomes 
to business and consumers. Relative prices 
and incomes are determinants of consumption 
ard investment decisions. Interest rates are 
determined endogerously in a monetary sec- 
tor that relies on major monetary flows among 
agents of the economy to determine effective 
prices. We look briefly at each of these sec- 
tors, then describe how information from the 
agricultural sector model is introduced into the 
FORSYS model. We touch but lightly cn all 
sectors except consumption, which plays z 
prominent role in our results. 

The solution process for the FORSYS 
mcdel begins with ar. initial estimate of prices 
and income used to compute consumer de- 
mand by product. Prices for the fifty-nine cat- 
egories of consumption are obtained by zon- 
version of the supply prices by input-output 
sector. For example. a dollar spent on per- 
sonal consumption category titled ‘‘semidura- 
ble household furnishing’’ may be distributed 
to a number of FORSYS manufacturing indus- 
trie3, as well as transportation and trade mar- 
gins. Thus the price for semidurable house- 
hold furnishing is constructed as a fixed- 
weight aggregation о? the market prices for 
these same sectors. With prices by consumer 
good and total expenditures, a simultaneous 
system of demand functions is employed to 
precict expenditures by fifty-nine categories of 
consumption. Tkese consumption estimates 
are derived from a two-step decision process, 
with consumers first allocating their budget 
among nine broad categories: food, fuel, cloth- 
ing and footwear, household operations, 
household durables, private transportation, 
health services, and other services and non- 
durables. After expencitures on each of these 
aggregate groups is Cetermined, the model 
then allocates expenditures among the subcat- 
egories within each group. This system of 
equations is based on the indirect transcen- 
dente] logarithmic utility function, which al- 
Iows for both substitution and complementar- 
ity among consumption commodities, both 
within and between the broad categories. 

FORSYS next determines the other ele- 
ments of final demand and output: exports, 
imports, government expenditures, inventory 
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change, fixed investment, and gross output. 
With current estimates of output and capital 
stock tderived from investment and past capi- 
tal stock), а ‘‘desired’’ level of employment 
for the current year is obtained. This and pre- 
vious employment determine current em- 
ployment. Unit labor costs, based on wage 
rates aid labor requirements, are then one of 
the maior explanatory variables in the deter- 
minaticn of prices. 

Domestic prices in the FORSYS model fol- 
low the price ‘‘dual’’ formulation of input-out- 
put theory. Material costs are passed through 
on a dollar-7or-dollar basis, while factor re- 
turns, making up value added, are treated 
separately. Supply price is then determined as 
a weigh:ed average of prices of these domesti- 
cally produced commodities and imported 
commodities. 

The FORSYS model then ties this informa- 
tion together by estimating various income 
components of aggregate income, calculating 
the required aational income and product ac- 
counts, estimating the domestic saving rate 
and herce cetermining consumer expendi- 
tures, which feed back into the demand sys- 
tem. We need further explain onlv how ag- 
ricultura. forecasts from the agricultural sector 
model feed into FORSYS. 

FORSYS contains seven consumption sec- 
tors and five input-output sectors that tie in 
directly to the agricultural sector model. The 
consumption categories, meat and dairy prod- 
ucts, poultry and eggs, fruit and vegetables, 
fats and oils, bread and cereal products, pur- 
chased meals and beverages, and tobacco 
products, tie in directlv with the categories in 
the agriciltural sector model that relate to 
consumer prices. Quantitv and price for the 
five input-output sectors can be built up from 
the commodity detail of the agricultural sector 
model. Of these five sectors—dairy and poul- 
try products, meat animals and livestock, cot- 
ton, food and feed grains, and other agricul- 
tural prod 1cts—all but the last are determined 
endogenoasly. Two other input-output catego- 
ries, meat and dairy processing and other food 
processing, are available to satisfy final de- 
mand for “ood consumption. 

We modify our macroeconomic forecasts by 
first altering the domestic agricultural price 
for commodities. This modification then in- 
fluences the PCE deflators with consequent 
adjustment in consumption. Shifts in final de- 
mand then change the composition of output, 
and ultimately alter income and relative 
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prices. The model is in equilibrium when the 
adjustments are complete. 


Simulations with the Models 


Our empirical results consist of four impact 
analyses of the agricultural model with one 
impact analysis of the macroeconomic model. 
For our baseline we simulate both the agricul- 
tural and macroeconomic models beginning in 
1977. Our results are then reported as devia- 
tions from this baseline. The three extreme 
agricultural simulations examine (a) the effect 
of eliminating the farm-held reserve; (b) the 
impact of a 1096 increase in the CPI for all 
commodities less food and beverages; and (c) 
the effect of raising income 196 for each of five 
years. A less extreme simulation increases 
both prices and income. The price changes 
that result from the second simulation of the 
agricultural model are then used to simulate 
the macroeconomic model, measuring the 
consequences of the agricultural sector 
changes on the macroeconomy. 


Agricultural Model Simulations 


Our first simulation is designed to gauge the 
impact of support programs on agricultural 
commodity prices. We proceed from the belief 
that inflation is transmitted to agriculture via 
dependence on inputs that originate off-farm. 
We then examine how these changes are re- 
transmitted to the general economy via 
changes in raw material prices and through 
taxes drawn to support agricultural commod- 
ities. 

The agricultural support mechanism is, in 
fact, one of the ways in which general inflation 
is institutionalized into the agricultural econ- 
omy. It also serves to spread some of the risk 
inherent in agriculture across a wider base. 
Since the primary ‘‘damage’”’ done by inflation 
at the microlevel is to increase risk, the sup- 
port mechanism serves to reduce some of the 
detrimental impact of inflation. We cannot, 
however, argue that the net effect has contrib- 
uted to the efficient use of resources: this will 
occur only if the support rates have been es- 
tablished from accurately anticipated changes 
in relative prices—a most unlikely event. The 
cost of these supports is inefficiently or- 
ganized resources if they do not reflect market 
relative prices. 
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Consistent increases in corn production 
costs have been translated into the corn loan 
rate, and the loan rate, in turn, has provided a 
lower limit to prices. The question, then, is 
what influence has this had on food and ag- 
riculture? 

The first agricultural model simulation sug- 
gests that, so far as the American consumer is 
concerned, the absence of farm-held reserves 
would have made very little difference in the 
near term. Food prices would have been only 
slightly lower for the first vear. Prices received 
by farmers for crops would have been lower 
initially, but livestock prices would have in- 
creased. Table 1 shows the changes in cash 
receipts, prices received, and the CPI for all 
food. 

The data in table 1 show about a $1 billion 
net negative impact on cash receipts for the 
first two years, but a net increase of $20 billion 
for the second two years. These results, at 
least partially, reflect the short crops of 1980 
and the transfer of supplies from the first two 
years to the latter two years, via the grain 
reserve. We do not propose that these results 
reflect the impact of more or less inflation; 
rather, they indicate that attempts to spread 
the risk (to achieve stable farm incomes or 
food supplies) must result in both costs and 
benefits. In the special case shown here, the 
maintenance of farm-held reserves causes 
producers of crops to benefit through stable 
short-term income, but livestock producers to 
lose. Higher feed costs would discourage in- 
creased meat production and, although food 
prices decline initially, reduced meat produc- 
tion will mean higher prices later. 


Table 1. Impact of Eliminating Farm-Held 
Reserve—Cash Receipts and Prices 1978 to 
1981 


Year 





2 3 4 5 








---- (Change) ---- 
Prices received* (76) 
Crops -3.3 -11 42 4.5 
Livestock 8 63 82 6.1 
Cash receipts ($ bill.) 
Crops -1.1 34 23 5.9 
Livestock s 3.3 6.4 6.0 
CPI—all food? (76) 0 4 12 14 
Beef cattle on farms? (mill.) 1 2 10 19 
Breeding sows? (mill.) 1 5 10 1.2 





2 Fourth quarter. 
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This simulation illustrates two important 
points. First, market intervention in the form 
of support programs has a differential impact 
on agricultural producers, with dynamic con- 
sequences that are difficult to anticipate. Sec- 
ond, support programs institutionalize a 
hizher cost structure. 

It is through this higher cost structure that 
evidence is gained to support the proposition 
that inflation is good for (or at least not harm- 
ful to) agriculture. We would take issue with 
this argument unless it is made conditional on 
higher costs institutionalized by support pro- 
grams. Gardner, for example, concluded that a 
1% change in the CPI would result in a $950 
milion increase in real net farm income. 
Tweeten and Griffin report that prices paid by 
farmers will respond (long-term) one-to-one 
with general inflation and found no significant 
relationship between general inflation and 
prices received. 

Our second simulation provides some evi- 
derce regarding inflation and agriculture. We 
finc that an increase in the overall CPI does 
have an influence, but primarily through re- 
duced real consumer incomes. A 10% increase 
in the nonfood component of the CPI gives us 
an initial 5% reduction in crop prices, 10% 
reduction in livestock prices, and about a 9% 
drop in total cash receipts (table 2). These 
results occur since, with nominal income held 
constant, the increase in the CPI reduces in- 
come enough to disturb significantly food con- 
sumption patterrs. We emphasize that this 
simulation represents an extreme case, but we 
use these extremes to bracket our results. 

Sa, our third simulation looks at another 
extreme. When real income is elevated by 1% 
for five years, we obtain results much Lke 
those of Gardner. At the end of five years, 
cash receipts are $1.8 billion higher, with a 


Table 2. Percentage Change in Prices Re- 
ceived and Cash Receipts Resulting from a 10% 
Increase in Nonfood Components of the CPI 











Years 
1 2 3 4 5 

Price received 

Crops ~5.3 -8.8 -89 4-70 -49 

Livestock -10.0 4-80  -40 -1.0 -1.0 
Cash receipts 

Crops ~7.£ -110 -120 -10.0 -7.5 

Livestock -jiC -100 -6.0 —20 -20 
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mid-period everage of slightly over $900 mil- 
lion. Because production expenses have been 
held constant, this also represents the change 
in net income. Our final simulation tries to find 
a set of assumptions intermediate between 
these extremes; we balance increases in both 
the nonfood CPI and income increases with 
less dramatic results. Cash receipts are margi- 
nally lower and net income is also lower be- 
cause of the production cost pass-through ob- 
served by Tweeten. 

We conclude, then, that inflation is not 
harmful to agriculture only when it is validated 
by government support programs. Without 
this validation, our findings suggest that a 1% 
increase in inflation will reduce farm prices 
and income by approximately 2%. 


Simulations with the Macroeconomic 
Modei 


To vaiidate that the consequent effects of the 
initial price changes represented by the second 
agricu:tural simulation would have no devas- 
tating effects on the initial macroeconomic 
simulation, we resimulated the macroeco- 
nomic model for a 10% reduction in livestock 
prices and a 7% reduction in crop prices. 
The simulation affirmed our major concern 
about the effects of agricultural price changes 
on real income, that the effects were negligi- 
ble. So the agricultural sector simulations are 
uneffected in any major way by processing 
these changes through the macroeconomic 
model. 

Of more interest to this paper is the impact 
of these price changes to the consumption pat- 
tern of consumers and the supply prices of the 
nonagriculture sectors of the economy. We 
highlight these results in table 3. 


Conclusion 


Persistent price changes outside of agriculture 
bring about chaages in the cost of production. 
All other things being equal, farm income will 
decline. Thus, if we measure the well-being of 
the farm sector in terms of real farm income, 
abstract from the effects of inflation on land 
values and igncre the uncertainty effects of 
inflation on production, then we conclude that 
inflation has a substantial negative effect on 
the income position of agriculture. But all 
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Table 3. Macroeconomic Changes from Ag- 
ricultural Price Reductions, First-Y2ar Effects 








Percent 
Level Change 
GNP (bill. $1972) +.7 0.05 
PCE (mill. $1972) +452 0.05 
National income (bill. $) —5.6 —0.46 
Disposable income (bill. $) -7.0 —0.55 
Food consumption ($ mill.) ` 
Meat and dairy 733 1.4 
Poultry and eggs 300 3.4 
Fruits and vegetables 215 0.8 
Fats and oils 266 5.9 
Bread and cereal 33 0.2 
Purchased meals —364 —0.6 
Agricultural investment 
(mill. $1972) $ 796 0.6 
Gross agricultural output 
(mill. $1972) $9834 08 
Implicit deflators (1972 = 100) 
Gross national product —0.7 -0.5 
Personal consumption expenditures —0.8 -0.6 
Livestock products —69 –4.7 
Fruits and vegetables —4.0 -2.6 
Fats and oils -3.9 -2.6 
Bread and cereals -29 -2.0 
Purchased meals -19 -1.3 


Note: Livestock and product prices reduced 1095; other food 


products reduced 7%. 
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other things are rarely the same. The observa- 
tion that inflation has little or no harmful effect 
on the farm economy we attribute to two com- 
pounding influences: first, government support 
programs have institutionalized higher costs, 
thus mediating the effects of inflation; second, 
coincident inflation and rising real income 
make it difficult to identify the separate effects 
of these two, allowing the erroneous conclu- 
sion that inflation does no harm to agriculture. 
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Microeconomic Impacts of Inflation on the 
Food and Agriculture Sector: Discussion 


Vernon R. Eidman 


The O’Carroll paper addresses several 
inflationary impacts on farm firms. I will star? 
by critiquing the issues addressed and then 
turn to a discussion of additional work tha: 
might be beneficial. 

The first set of results suggests that the rea. 
growth rate of equitv reaches a maximum ag 
infation reaches 3% to 7% and then declines 
for higher rates of inflation. The rates of 
growth are somewhat greater when a higher 
leverage ratio is used, but the peak occurs in 
the same inflation rate range. The author indi- 
cates the reduction in growth at higher infla- 
tion rates occurs because the greater interest 
rates reduce income in the earlier years, caus- 
ing negative cash flows during the first fifteen 
years. However, the rather surprising result 
(of lower real rates of growth with inflation 
rates above 3% t5 7%: appears to be caused in 
large part by the zerc real rate of growth as- 
sumed for land values. Including a real growth 
rate of 3% to 4% for land values (which recent 
studies such as Melichar's would tend to sup- 
pori) would result both in larger equity gains 
and increased X borrowing possibilities. 
Through the compounding effect, the addition 
of real rates of growth in land values would 
increase the cash flow each period, with the 
amount of the increase being greater for higher 
rates of inflation. Thus it cannot be argued that 
this effect would be uniform for all rates of 
inflation. The sensitivity of the model to this 
factor should be considered before concluding 
that real rates of equity growth decline as in- 
flation rates move above 3% to 7%. 

The second section considers the effect of 
alternative farm sizes under two levels of infla- 
tion. The relativeiy favorable showing of the 
small farm is largely dependent on the avzil- 
ability of off-farm work and the manner in 
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whicaà the annual net cash flow is calculated 
(which I comment on below). Further, the 
author notes that a high off-farm wage could 
have a dramatic effect on the farmer's growth 
rate—not a surprising result. 

The results for alternative tenure situations 
suggest that the full-renter grew at a faster 
rate, but that the full-owner added consid- 
erably more equity to his farm in thirty years. 
Inclusioa of a positive real rate of growth in 
real estate values (as noted above) would en- 
able the full-owner both to grow at a faster rate 
and to zdd to equity more rapidly than the 
O'Carrol results indicate. This would make 
the full-tenant less competitive relative to the 
full-owner. 

Perhaps the most interesting result is the 
estimated impact of indexing taxes to inflation 
every year, every five years, and no indexing. 
The author indicates indexing taxes every five 
years rather than every year yields approxi- 
mately the same rate of growth in equity—a 
rate approximately 0.5% greater than with no 
indexing over the thirty years. 

The summary indicates that similar results 
were obtained on farms of widely differing 
character.stics. However, all of the farms 
have a similar crop-livestock mix and all have 
а substan-ial amount of net worth at the start 
of year one. The method of calculating the 
annual ne- cash flow, the manner of including 
off-farm employment and the assumption on 
family living further restrict the range of situ- 
ations anzlyzed. 

The Oklahoma, Kansas, and Nebraska 
farms corsidered are primarily crop farms 
with relatively minor livestock operations. 
Neither irtensive livestock farms nor crop 
farms in other regions were considered. The 
lowest equity situation considered was a 
renter on а 640-acre Oklahoma farm with an 
initial net worth of $71,000, who owned the 
machinery and livestock debt-free. Each of 
zhe othe- farms had a starting net worth of at 
-east $200 000. Farms with initial low net 
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worth and poor debt-equity ratios were not 
considered. : 

The method of calculating the ne: cash flow 
further reduces the distinction between alter- 
native farming situations. Net cash flows were 
calculated as 4% of the owned land value, plus 
a fixed return per hour of operator and family 
labor, plus the operator-management return 
(calculated as a fixed percentage of cash re- 
ceipts), plus a fixed return per dollar for in- 
vestments in machinery, plus a fixed wage per 
hour for off-farm work, minus a fixed family 
living expense, minus mortgage payments, 
minus federal income tax, minus the social 
security tax. The use of a fixed rzte of return 
to land, labor, capital, and management re- 
sources minimizes the differences in level and 
pattern of net cash flows that exist between 
farms of different types and sizes. 

The assumptions concerning the availability 
of off-farm employment and family living re- 
quirements are the same for all farms, another 
reason for similar growth rates across alterna- 
tive farms. In each case, off-farm employment 
was considered to be available at $7.50 per 
hour for operator labor not required by the 
farming operation, regardless of zhe season of 
availability. Furthermore, consumption for 
the family of four was assumed to be a con- 
stant $12,600 in 1979 dollars. Both the low and 
constant real consumption level as the fami- 
ly's age and financial situation changes ap- 
pears unrealistic. For these reasons it is 
difficult to agree either that a wide range of 
firms was considered or that the results ob- 
tained are indicative of the firms analyzed. 

Perhaps a somewhat differert approach to 
estimate the differential impacts of inflation on 
alternative sizes and types of farms would be 
more fruitful. A given rate of inflation as 
commonly measured can arise in a variety of 
ways, with each of these ways resulting in a 
somewhat different set of farm level input and 
product prices. This makes it difficult to select 
one combination of input and product price 
changes to consider in a firm level model for a 
given rate of inflation. However, Kite and 
Roop's paper suggests a way out of this di- 
lemma. 

Alternative combinations of inflationary 
forces could be selected and macroeconomic 
models of the economy used to trace the im- 
pact of the forces on the price of inputs farm- 
ers purchase and the demand for agricultural 
products. The equilibrium product prices at 
the farm level could be calculated with a 
model of the major crop and livestock sectors. 
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The resulting input and product prices could 
be used in firm-level simulation model to test 
the impact of inflation on farm firm growth. 

The farm simulator would need to be more 
detailed than the O'Carroll model. To serve as 
a useful experimental device, the firm 
simulator must include a sufficient level of de- 
tail to trace the impact of price changes and 
the resulting operator' s decisions on the finan- 
ability of returns to productive assets. The 
ple, the inclusion of alternative production 
systems (reflecting alternative labor-capital 
combinations that can be used to produce a 
product) for each alternative product is impor- 
tant for two reasons. The optimal system may 
change as the firm's equity position improves, 
and the optimal production methods and 
product combination may change as inflation 
affects relative price ratios. Including the 
stochastic nature of production may be impor- 
tant in areas of high yield variability because 
of its effect both on net cash flows and the 
leverage ratios that can be sustained. One of 
the characteristics commonly associated with 
inflationary periods is increased uncertainty of 
input and product prices, indicating such vari- 
ability should be considered in the model to 
assess the effect of inflation on rates and vari- 
ability of returns of productive assets. The 
major income tax provisions available to 
farmers provide an important means of reduc- 
ing variation in after-tax net cash flow and 
should be included. 

It might be argued that interacting the sev- 
eral levels of simulation models will be too 
time consuming and expensive for considera- 
tion. However, Kite and Roop have described 
models that might be used to estimate the im- 
pact of certain inflationary forces on input and 
product prices at the farm level. Detailed 
simulation models developed for more con- 
ventional firm growth studies are available for 
some typical farms to assess the impact at the 
firm level. The availability of models suggests 
interacting the aggregate and firm-level models 
may be quite feasible. 

Basing the farm-level analyses on specific 
sets of price changes would estimate differen- 
tial impacts of inflation for alternative re- 
source situations including land qualities, ten- 
ure, size, equity, etc., as desired. This ap- 
proach is a potentially richer source of data on 
the firm level impacts than using models which 
ignore shifts in production methods and prod- 
uct mix, production and price uncertainty, and 
income tax effects. The approach would esti- 
mate the rate of return to land, labor, capital, 
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Microeconomic Impacts of Inflation on the 
Food and Agriculture Sector: Discussion 


Michael L. Walden 


The topic of inflation and its impacts has re- 
ceived a great amount cf attention by the pub- 
lic and the media for obvious reasons. Unfor- 
tunately, much of the discussion provided in 
these forums has been misdirected with re- 
spect to the meaning, causes, and conse- 
quences of inflation. The economics profes- 
sion is looked to for guidance and analysis that 
will aid both private and public decision makers 
in deciphering the meaning and implications of 
inflation. 

The paper by Kite and Roop represents an 
attempt to apply the analytical tools of the 
profession to measuring the impacts of infla- 
tion on a particular economic sector, here the 
food and agriculture sector. Unfortunately the 
work is flawed in several major aspects. Most 
significant among the paper’s problems is the 
authors’ failure to conceptualize and define 
inflation properly. Kite and Rocp claim that 
inflation has its origins in microeconomic price 
increases, i.e., “‘microeconomic price in- 
creases in one sector, through their initial ef- 
fect on consumer demand and thzir direct and 
indirect effects on costs of intermediate mate- 
rials in other industries, can lead to inflation in 
the macroeconomic sense." As an example, 
they cite the standard description, often pre- 
sented by the popular press, of how oil price 
increases permeate the economy, causing 
complementary increases in nor-oil factor in- 
puts, wages, and product prices—in short, 
general inflation. 

Clearly, this conceptualizaticn and causal 
explanation of inflation is contrary to the most 
elementary principles of macroeconomics. 
The refutation of the oil price (or for that mat- 
ter, any other factor input) argument as a 
cause of inflation hardly needs repeating. In 
brief, increases in the price of any factor input 
(e.g., oil) will be followed by prize increases in 
all products only if the monetary authorities 
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accommodate the original price increase with 
increases in the money supply; in the absence 
of such an accommodation, higher expendi- 
tures on oil products can be realized only by 
lower expenditures, and demand, on non-oil 
products. The result is a rise in oil sector 
prices balanced by a fall in non-oil sector 
prices and no change in the average price 
index (Levi, pp. 59-60). 

The fundamental problem with the Kite- 
Roop conceptualization of inflation is the fail- 
ure to distinguish between ''inflation" and 
*price changes." Elementary economic 
theory teaches us that any individual product 
price change can be decomposed into two 
parts: one part caused bv nominal, or money, 
changes, and a second part caused by real 
(demand and supply) changes in the individual 
product's market. Only the former influence is 
properly termed an inflationary impact; i.e., 
inflation is properly defined as a rise in the 
general price level resulting from mac- 
roeconomic changes. If general price level 
changes, or changes in its stimuli (i.e., money 
supply) are properly measured, then its impact 
should be on a one-to-one basis with individ- 
ual product price changes. Recent research 
supports this hypothesis for aggregate agricul- 
tural prices (Grennes and Lapp) and for retail 
food prices (Belongia and King). Product 
price changes different from changes in the 
general price level are caused by real supply- 
demand shifts in the product's market. Admit- 
tedly, some of these real effects may arise 
from an interaction between general price 
level changes and institutional factors in the 
product's market (ihe interaction of the in- 
vestment tax benefits of homeownership and 
land and ‘‘bracket creep'' produced by infla- 
tion are the best examples). Any investigation 
into the impacts of inflation on individual 
product prices should attempt to sort out these 
sources of change. Interesting research ques- 
tions concern the lag structure of the nominal 
inflationary impact (see Belongia and King) 
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and the effects of institutional interactions with 
inflation. 

The failure to distinguish between nominal 
and real aspects of price changes plagues the 
Kite-Roop analysis throughout. In essence, 
since Kite and Roop do not distinguish be- 
tween nominal and real impacts, price 
changes which they label as ''inflationary" are 
really an aggregate of nominal and real effects. 
Changes in agricultural support prices, 
changes in real income, and changes in ag- 
ricultural input prices do not represent 
changes in inflation (properly defined). The 
closest that Kite and Roop come to modeling 
the impacts of inflation is their simulation in- 
volving an increase in the overall CPI index. 
However, in simulating this effect they hold 
nominal income constant, hence not recogniz- 
ing that inflation is a neutral nominal increase 
in all prices, including the price of labor. 
Therefore, Kite and Roop never do investigate 
the topic of their research; that is, they never 
do investigate the microeconomic impacts of 
inflation. 

E is difficult to judge adequately the two 
simulation models without seeing a copy of the 
equations, parameter estimates, and the 
analysis on which the parameter estimates are 
based. Therefore, several questions and con- 
cerns come to mind with respect to the mod- 
els. How is inflation generated in the models? 
When an individual real price rises, do the 
models assume that the real price change will 
be accommodated and spread throughout the 
economy via nominal inflation impacts? What 
is the structure of the monetary subcomponent 
and how does it interact with other parts of the 
model? Do the models adequately compensate 
for labor productivity and technological 
changes? For example, Belongia found a 
causal relationship between retail price in- 
creases and increases in nominal wages in ex- 
cess of the growth rate of labor productivity in 
only one commodity group. How do the mod- 
els лапае the interaction of inflation with 
institutional arrangements which may produce 
nonreutral impacts from inflation? For exam- 
ple, do the models simulate the changing in- 
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vestment patterns of households during infla- 
tion? What theoretical assumptions are im- 
plicit in Kite and Roop's use of '*mark-up" 
rules for pricing between wholesale and retail 
levels, and are these assumptions justifiable? 
Last. kow have the models been validated, 
and what were the results? 

In light of the above criticisms and ques- 
tions, t is not possible to make informed 
comments regarding the results of the simula- 
tions. Instead, let me conclude by presenting 
an outline of a research strategy for investigat- 
ing the microeconomic impacts of inflation. 
First, any sich research must be properly 
grounded in economic theory; this involves a 
proper conceptualization of the differences be- 
tweer. '*price changes” at the microlevel and 
*'inflaticn." Second, such research should in- 
clude an understanding of the macroeconomic 
causai forces affecting inflation, which neces- 
sitates a3 incorporation of money supply gen- 
eration and growth. The latter is particularly 
important because the money supply is a pol- 
icy variable which can be manipulated by pol- 
icy makers to influence the rate of inflation. 
Last, such research should attempt to separate 
and measure zhe impacts of nominal and real 
factor changes on microprices. The aforemen- 
tioned research by Belongia and King and 
Grennes and Lapp already represents fruitful 
work following this approach. 
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Technical and Decision Aids for Local Decision Making 
(Judith Collins, EES, U.S. Department of Agriculture, Presiding) 


Management Information Systems for Local 


Government 
Arlo Biere and John Sjo 


For some time private firms have used 
computer-based comprehensive management 
information systems. Local governments also 
have used computers to process data, but local 
governments lack comprehensive manage- 
ment information systems—for several rea- 
sons: (a) they have not had or have not 
allocated resources to develop such systems; 
(b) the nature of local governments make such 
development difficult; (c) interstate differ- 
ences in local governments make it difficult to 
design systems that can be used nationally; (4) 
local governments lack incentives to acquire 
such a system; and (е) private vendors have 
not developed and marketed such systems as 
they have for private businesses. 

Here we discuss local governments’ need 
for assistance to develop management infor- 
mation systems, constraints that keep them 
from adopting such systems, and how adop- 
tion might affect local governments’ capacity. 
We describe briefly the management informa- 
tion system we developed for and instituted in 
county governments in Kansas and conclude 
by discussing the role of economists in system 
design. 


Local Governments Need Assistance 


System development and implementation is 
complex and time consuming. Such a system 
consists of (а) a management organization 
description that specifies flows and uses of 
management information, (b) software to han- 
dle the data described above, and (c) a com- 
puter to process the data. The first of the three 
is most critical. How well the management 
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system is organized and understood will de- 
termine the limits of the software performance 
and the computer’s usefulness in handling 
expected tasks. Except for large metropolitan 
governments, a local government lacks the 
resources—financial and technical—to de- 
velop its own management information sys- 
tem. Attempts to modify systems developed 
for private firms have not been successful 
because management characteristics of local 
government differ too much from those of a 
business in at least five ways. 

Local governments have no single objective 
measure of performance as do private firms. In 
business, profit is a measure of performance 
and of capacity because the entrepreneur’s ob- 
jective is to produce profits. Also, that profit 
motive provides harmony of purpose among 
all managers within a business. Governments 
are formed to provide services to citizens. 
For them, profit is not a reasonable measure of 
performance and no other measure is a good 
substitute. It is hard to measure performance 
other than by voter satisfaction, which tends 
to be ex post. Lacking an objective perfor- 
mance measure, various participants in local 
government—elected officials, bureaucrats, 
and citizens—each may have a different con- 
cept of a local government’s purpose. That 
lack of a single performance measure and of a 
harmony-of-purpose control factor requires a 
more complex management information sys- 
tem as no single indicator contains all crucial 
information. 

Local government decision making is a 
political process where the decision makers 
are both internal and external. So the man- 
agement information system must provide in- 
formation to the public (external) as well as to 


. elected officials, appointed officials, and other 


employees (internal). The information needed 
by the public has not been determined. Lack 
of such information to the public may stem 
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from current information systems not.beimg 
capable of providing it in a way it can be used 
or from government officials not wanting о 
make full disclosure, which would reduce their 
discretionary power. 

The political process of decision makirg 
produces a sense of discontinuity because 
leaders are elected and the election of zn 
opposition candidate may result in certam 
programs being discontinued. That potential 
for discontinuity may cause employees to 
concentrate their efforts on short-run strate- 
gies. An informaticn system can provide in- 
centives to develop longer-run management 
strategies. 

Most governmental revenues come through 
coercion—taxation—or through monopoly 
power. Except for utilities and other services 
scld to the consumer, public services provide 
benefits so widespread that few individuals 
would be willing to purchase the service 
individually. The services are financed by 
taxing the citizens so the acquisition of re 
scurces does not depend directly on consumer 
satisfaction with the service. Accountants de- 
scribe this condition by saying that expendi 
tures for such services do not generate reve- 
nte as does a product produced for sale by a 
private firm. 

Because revenues to finance such public 
services do nct come from the sale of the 
service, state legislatures grant local govern- 
ments authority to levy taxes for specified 
purposes. Fund accounting is used to segre- 
gate and account for such money as it is 
réceived and disbursed. Other public services. 
like utilities, may generate their revenue, but a 
local government that produces and sells those 
sezvices usually has a monopoly. So, whethe- 
the service is financed by taxes or by selling 
the service, there is no competitive marke- 
pressure for efficient production. For a gov- 
ernment to have an efficiency objective, r 
must be an explicit objective because eco- 
nomic efficiency is not implicit in the gov- 
ernmental process. 

Because of the way resources are obtainec 
and because of the importance of the politica. 
process, the annual budget is the central tool 
guiding government expenditures. It has more 
force than a budget in private business where 
it is just a planning tool. When a local govern- 
ment adopts its annual budget, it establishes 
the spending authority (appropriations) for the 
next year. Expenditures must be within the 
appropriations. Exceeding the original budget 
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is diffcult. Legislative action by the local 
goverrment is required to change appropria- 
tions, and state administrative approval may 
also b2 required. With a budget serving as 
such a strong control, comparisons of actual 
expenditures with the budget allocations guide 
expenciture decisions. 

The strong annual budget influence restricts 
governmental administrators in making long- 
or intermediate-run decisions. Long-term 
plannirg is further inhibited because gov- 
ernmertal officials do so little of the actual 
budget development. In Kansas we find that 
county budgets are prepared by an outside 
auditor consulting with the board of commis- 
sioners and other officials. The auditor is hired 
to prerare the budget because, with current 
information systems, budgeting is so difficult 
and complex. So, while the process of budget 
preparetion offers the best opportunity to 
establish long-run plans, much budget prep- 
aration is turned over to an outside auditor or 
financial advisor. 

From the viewpoint of an administrator, the 
annual budget process produces temporary 
property rights (appropriations). An adminis- 
trator runs two risks when making expendi- 
tures from appropriations: exhausting the ful] 
appropriation before the end of the budget 
year, ar.d not expending the full appropriation 
by the end of the budget year. Those two risks 
can dramatically influence an agency's 
efficiency. 

Statucory and regulatory provisions are 
prominent in local government affairs. State 
statutes and administrative rulings govern the 
conduct of business in local governments. 
Two such examples are state standards regard- 
ing acccuntirg and state laws and regulations 
Bovernimg the property taxation process. A 
management information system must be de- 
signed t5 meet such requirements. 

Statement 1 of the National Council on 
Governmental Accounting, issued in 1979, 
says the basic financial statements of a gov- 
ernmental unit should be prepared to conform 
with generally accepted accounting principles. 
When financial statements so prepared do not 
demonstrate statutory and regulatory com- 
pliance, the unit shall prepare additional 
schedules to demonstrate such compliance. 
That cla-ified an earlier position taken by the 
Municipal Finance Officers Association that 
accounting systems should first satisfy statu- 
tory anc regulatory requirements. Although 
the clarification has simplified accounting 
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problems for local governments, most local 
governments still use a single-entry, cash- 
accounting system. A challenge facing many 
states is to get local governments to adopt 
generally accepted double-entry and accrual 
accounting practices. 

A management information system designed 
to meet the needs of local governments can 
contribute to the more effective and efficient 
operations of local governments. But local 
governments differ so much from private firms 
that it is not feasible for a local government to 
adapt a management information system for a 
private firm to its needs. Because most local 
governments do not have the resources to 
develop their own managemen: information 
systems, land grant universities can do that, 
just as they have helped individual farmers to 
improve management on their farms. 


Constraints to Adoption 


We found local governments planning to adopt 
a new management information system must 
deal with the high initial cost of a new system, 
delayed benefits, stresses the new system has 
on the administrative structure and on affected 
personnel, and possible quick obsolescence of 
the new system. 

Adoption of a new system means investing 
in equipment, software, supplies, and personal 
training. Initially, extra effort must be ex- 
pended to put data into the new system and to 
make the gradual transition from the old to the 
new system. That may mean additional labor 
costs for the first year, when benefits received 
from the system are smallest. The benefits of 
the new system will not be realized until 
personnel can use it proficiently and know 
how to use the information produced. Another 
benefit after the first year is that some data, 
such as voter registration and real estate 
assessment data, need to be entered only once 
and updated thereafter. 

The management information system must 
be consistent with the unit's organizational 
and operational procedures. When not, the 
inconsistencies must be reconciled. For some 
inconsistencies, unsatisfactory procedures 
should be discarded, e.g., abandoning single- 
entry cash accounting. Because a high degree 
of standardization of procedures is used in 
computer processing, some procedures ac- 
ceptable with manual processing may not be 
acceptable with computer processing. Adop- 
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tion of a new system provides the opportunity 
to improve governmental operations. Stresses 
on the administrative structure may not be 
welcomed and may create conflicts between 
offices if the new system changes the relation- 
ship between offices. Education for the 
changes and consultation with concerned in- 
dividuals can help to avoid new conflicts 
between offices, to speed acceptance of the 
system, and to avoid rejection of the new 
system before benefits from it are realized. 

Implementation of a rational system places 
new strains and risks on decision makers. 
Argyris has concluded that a rational man- 
agement information system can create condi- 
tions where executives experience (a) reduced 
freedom of action, (5) a sense of psychological 
failure because of the management system’s 
constraints, and (c) a decreased feeling of im- 
portance as they see (d) emphasis on leader- 
ship based on competence instead of formal 
power so familiar to managers. Those imple- 
menting a management information system 
must cope with the emotional stress the sys- 
tem preduces—for themselves and their em- 
ployees. 

A local government considering a new man- 
agement information system may already have 
had unpleasant experiences in adopting new 
methods of data processing. During the 1970s 
many local governments purchased computers 
expecting to solve their data problems only to 
be disappointed with the results. For some, 
disappointment turned to exasperation when 
they learned that the purchased equipment 
was depreciating 30% or more per year. Such 
an experience has caused some officials to be 
highly skeptical of new technology. 


Role of Management Information Systems in 
Capacity Building 


McDowell identified development of manage- 
ment information systems as one strategy to 
increase the capacity of a local government. 
Biere and Sjo discussed how information sys- 
tems impact capacity by drawing an analogy to 
the general welfare economics model. Here 
we discuss the impact of improved manage- 
ment information on capacity by studying the 
definitions of capacity and their implications. 
Honadle reviewed several definitions of capac- 
ity and concluded that no consensus definition 
appears in the offing. Instead, she offers a 
framework for thinking about capacity build- 
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ing. Capacity, she says, is the ability of a local 
government to anticipate and influence 
change, to make intelligent decisions about 
po.icy, to develop programs to implement 
poicy, to attract and absorb resources, to 
manage resources, and to evaluate current 
activities to guide future actions. 

To expand on Honadle's framework, we 
suggest conside-ing the differences between 
the concept of the firm and the Robinson 
Crusoe example. When considering the capac- 
ity of a private firm, one usually refers to its 
ability to produce a certain volume of a good 
or a service or of a bundle of goods or 
services. That is really an intermediate mea- 
sure of capacity. From the viewpoint of the 
entrepreneur, a firm's capacity would be de- 
fined relative to his abjective so it might be 
measured by proñt or a related measure. 

Within Honad'e's framework there is a 
simiiar ultimate objective for local govern- 
menzs. Her definicion of capacity refers not te 
an intermediate measure comparable to the 
volume of goods and services produced bv a 
privete firm, but an ultimate objective that 
justifies the local government's existence, 
whicà is not the same as it is for a firm. In the 
case of the private firm, production is sepa- 
rated from consumpticn and price serves as 
the informational link between consumption 
and production. Profit can be determined read- 
ily as the firm, by using market prices and 
input-output rates, can compute the value of 
the output and tke value of the resources 


consumed. That profit provides a measure of 


capacity and an incication of the firm's ability 
to survive. 

Local government is more similar to the 
classical Robinson Crusoe example of a man 
who makes production and consumption deci- 
sions in combination. As a producer of public 
services, the local government must make 
production decisions. As an institution for 
public decision making, the local government 
determines what public services shall be 
provided—at what level and to whom—and 
how the services are to be finenced. The latter 
function distinguishes a local government 
from a firm. But production and consumption 
decisions can be difficult to separate. With 
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does not separate a decision on road im- 
provements from providing for the improve- 
ment th-ough the road department. 

We fird Honadle's definition and most other 
definitions of capacity to be based on a con- 
cept of a local government analogous to a 
private firm. Such a concept fails to recognize 
the more crucial role of making public choices 
regarding the level and mix of public services 
and regu.ations and how they will be financed 
and enforced. Those issues have impacts that 
are embcdied in those five characteristics of 
government discussed previously and that 
greatly acd to the complexity of a management 
information system and make it more difficult 
to determine its adequacy. 

Although the Robinson Crusoe example is 
more app-opriate than the private firm exam- 
ple, the Robinson Crusoe example ignores the 
high humzn interaction in operating local gov- 
ernments. Involved are citizens, elected 
officials, political party officials, special- 
interest group members, and employees of the 
local government. Those emploved in gov- 
ernment recogrize that the government does 
not have a single measure of performance and 
that the decision-making process is complex. 
Those conditions give each employee much 
latitude to .nterpret his duties and to justify his 
»erformance. Furthermore, management con- 
zrols and irformation systems for government 
tend to be less developed than for a private 
firm. Those conditions have remarkable paral- 
leis with the five basic elements of Leiben- 
stein's micro-micro theory of production: (a) 
Individuals in the organization are selectively 
rational. “bj Individuals in the organization are 
the basic decision units. (c) Each individual in 
tne organizetion has discretion over his effort. 
(d) Individuals in organizations may be inert 
to organizational pressure. (e) The organiza- 
tion is subject to organizational entropy or 
the natural -endency toward disorganization. 

Those five conditions make it desirable to 
consider the individual as the fundamental 
decision unit, not the local government. Then, 
the outcome of local government activities 
reflects the zggregate of individual actions. A 
gcod management information system should 
help the orgenizational structure to aggregate 
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human interaction present. The role of the 
management information system is to provide 
information to assist managerial control of the 
production activity and to provide relevant 
information regarding public issues to all who 
participate in the decision-making process. 
But the information needs may differ in each 
case. To inform citizens so they can make 
intelligent collective decisions requires differ- 
ent information from management information 
necessary to guide government’s internal op- 
erations. 

The lack of management information sys- 
tems for local governments seriously detracts 
from this governmental capacity. It is our 
premise that developing and adopting man- 
agement information systems will contribute 
to local government’s capacity by providing 
information so citizens can make more in- 
formed decisions and by providing a control 
mechanism that assures that the local govern- 
ment operates to produce selected public ser- 
vices efficiently and effectively. 


Kansas Local Government Information System 


In 1975 the Board of Commissioners of Ellis 
County, Kansas, invited the Kansas Agricul- 
tural Experiment Station to develop a new 
management information system for that 
county government. The board previously had 
purchased two small computers to handle the 
county’s data processing. County officials 
were frustrated by the limitations of the com- 
puters, by increasing reporting requirements 
of the state, and by finding that data process- 
ing on the new computers was not fully 
compatible with the county’s needs. County 
officials had thought the computers acquired 
would solve their data handling and manage- 
ment information problems. Instead, they 
created more problems! 

The first product of our work was a report 
on the organization and operation of the Ellis 
County government, including a study of stat- 
-utes pertaining to the management of a Kansas 
county. Ellis County’s operation and organi- 
zation were tested against those statutes. 
When the county’s operation or organization 
conflicted with state statutes, we met with 
county officers to reconcile the. differences. 

The second product of aur work was a 
restructured management information system, 
consisting of procedural manuals and com- 
puter software to perform the needed data 
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processing. The manuals are organized by 
major components of the management infor- 
mation system. Each volume of the manual 
reviews key statutes affecting that part of the 
management information system, lists the 
objectives, and describes both how to use the 
component and the steps to using the system, 
including how to prepare originating instru- 
ments, to key data, and to obtain reports. 

The county keys data at the courthouse and 
transmits the data for processing by telephone 
on a remote job entry terminal to a central 
computer at Kansas State University. Most 
print jobs are transmitted by telephone back to 
the courthouse. Large print jobs, such as 
printing tax rolls, tax statements, and tax 
receivable files, can be done at the central 
computer. Remote processing was chosen be- 
cause it offered greater capabilities and be- 
cause the county was relieved of the cost and 
responsibility of operating a computer in a 
courthouse. That choice originally gave the 
county no local computing capabilities. New 
remote entry terminals can be used both to 
transmit and receive data and to process small 
jobs locally. We are scheduled to add a cash 
register to the system this fall to capture data 
on cash received in the treasurer’s office. 

The system has six subsystems (see Sjo and 
Biere): a name file, taxation, accounting, 
payroll, physical assets accounting, and voter 
registration. The financial portions of the sys- 
tem are fully integrated, designed to leave an 
audit trail, and to provide data security. The 
accounting subsystems are designed to con- 
form to generally accepted accounting princi- 
ples (GAAP) as given in Governmental Ac- 
counting, Auditing, and Financial Reporting. 
Also, the accounting subsystem is designed to 
permit a user to obtain cost accounting by 
office and by job category within an office. 

The name file, a supporting subsystem to 
the taxation system, is a computer-maintained 
list of the persons, firms, and organizations 
with which the county conducts transactions. 

The taxation subsystem is used to keep 
assessment records, to levy taxes, to record 
tax collections, to abstract taxes levied and 
taxes collected by taxing districts, to process 
delinquent tax accounts, to prepare tax war- 
rants and tax sales, and to record collections 
on tax warrants and tax sales. 

The accounting subsystem is a double-entry 
fund accounting system. Revenue and esti- 
mated revenue transactions may be recorded 
also by office receiving the revenue. All ex- 
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penditures, encumbrances, and appropriations 
are recorded both by fund and by office. Each 
office is treated as a cost center. It is then 
possible to obtain the full expenditures made 
by any office, and those expenditures can be 
ideatified by the fund the expenditures were 
made from. An office also may designate < job 
code to identify in that cost center the activity 
that incurred the expenditure. 

The physical assets accounting subsystem 
provides an inventory of each physical asset 
item. It can calculate depreciation on depre- 
ciatle fixed assets. Such depreciation is used 
for zost analysis only. 

Tne payroll is processed through a payroll 
agency fund. Labor service expenditures are 
recorded in the accounting subsystem as 
transactions between the payroll agency fund 
and the funds from which labor services and 
associated benefits are paid. Various em- 
ployee reports are available such as leave 
used, W-2 reports, name directories, individ- 
ual employee reports, various fringe benefit 
and deduction reports, and needed quarterly 
reports. The system can handle salaried or 
wage-earning positions. Records of hours 
spent on various tasks can be kept for cost 
accounting. 

The voter registration subsystem is used to 
maintain a county voter registration file. Tt is 
used to print primary and general election 
registration lists, to print city and special 
district nonpartisan or partisan lists, and to 
abstrect voter rolls by voting precinct and by 
political party. 

The complete system has been in use by 
Ellis County for nearly two years. It is being 
implemented in another Kansas county which 
is changing from a completely manual system. 
That implementation experience shows the 
need їо provide substantial training and assis- 
tance for the county to adopt the system 
smoothly. 


Econornists’ Role in System Design 


During our work, we have observed that the 
design and development of the management 
information systems for local governments 
have received little attention from economists, 
even though much of what such systems are 
about is in the purview of economics. Such 
systems are concerned about resources used 
and products produced, about providing in- 
centives to participants to do what furthers 
objectives of the entity as determined by 
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the public-choice process, about information 
flows required to obtain desired coordination 
among elements of the entity, and about public 
information needed for enlightened public 
choice. 

The foundation for the design of a manage- 
ment information system is the description of 
local governments, including crucial charac- 
teristics of the local government, the political 
process by which decisions are made, the 
internal and external management information 
needs, the irformation necessary to deter- 
mine—at least to encourage—efficient produc- 
tion, and the gamut of alternative arrange- 
ments by which a public service might be pro- 
vided or a social objective met. 

The study of local government, public 
choice procedures, and management needs 
involves political science and economics. 
From them is determined the management 
information needed—that for internal man- 
agement and that for citizen action in the 
decision-making processes. The internal and 
external information desirable should include 
information regarding the efficiency of re- 
source use. Here the issues of resource use, 
labor specification, capital intensity, employee 
incentives, alternative production techniques, 
and the objective functions of each participant 
in the operation are important. 

Better cost information permits local gov- 
ernments to choose among a wider range of 
alternative ways to obtain a public service 
economically, such as by contracting with a 
private firm or with another local government 
for the service. 

While information is useful, all is not of 
equal value. Information should be produced 
to the point where the marginal value of the 
last unit produced is equal to the marginal cost 
to produce it. At least it should remind us that 
more information may not be good. 

Most management information systems are 
now computerized, and the complexity of 
computer progrémming deters the study of 
management information systems by those not 
proficient in computer programming. But the 
role of the computer in a management infor- 
mation system is just to capture, store, manip- 
ulate, and print or retrieve information. The 
computer is used because it can handle large 
volumes of data cheaply. Management infor- 
mation system design and requirements can be 
specified without a computer. Manual pro- 
totypes can be used initially to illustrate the 
steps: how and эулеп data are to be captured, 
how and when data are to be stored, and how 
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the data are to be retrieved and used. Once 
those have been specified, a computer 
specialist can prepare programs io do those 
jobs. 

Economists have a useful role to play in the 
design of management information systems for 
local governments. New management infor- 
mation systems should enhance the capacity 
of local governments. That potential is more 
significant now that local governments may 
receive less federal money. But the develop- 
ment of such systems takes time and an 
understanding of the role of the management 
information system in governmental opera- 
tions. By working with political scientists, 
management experts, and computer 
specialists, better designed and more com- 
prehensive systems can be developed to meet 
challenges facing local governments. 
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Decision Aids for Local Decision Making 


Gerald A. Doeksen and James R. Nelson 


Rural areas and small communities had a 
higher population growth rate during the 70s 
than metropolitan communities. This is the 
first time this had occurred in 160 years. Pre- 
liminary 1980 census figures indicate that 
nommetropolitan counties increased in popula- 
tion by about 15%, whereas metropolitan 
counties increased by about 9% from 1970-80. 
However, rural growth has occurred selec- 
tively. Many mining, resort-retirement, and 
urban fringe counties grew by 40% or more in 
the 70s. On the other hand, nearly 500 of the 
2,485 nonmetropolitan counties continuec to 
decline in population during the same period 
(Secretary of Agriculture). 

Decision makers in rapidly growing counties 
or communities are faced with the task of 
planning for growth. This includes estimating 
future growth and associated needs for com- 
munity services so that sufficient capacity can 
be built into public service systems. Decision 
makers in declining areas face an equelly 
difficult task of maintaining services for their 
constituents. Many of these communities are 
in heavily agricultural areas and lack alterna- 
tive sources of employment. The reduction of 
population often leads to a decline in the eco- 
nomic base and in resources to support ser- 
vices. 

Decision makers in both growing and declin- 
ing rural areas need assistance in planning to 
accommodate change. A program to provide 
such assistance is ongcing at Oklahoma State 
University (OSU). Rural development deci- 
sion aids developed and utilized at OSU fall 
into three main areas and include (a) predic- 
tion of growth or analysis of impacts of 
changes in economic base, (b) derivation of 
budgets for alternative community service de- 
livery service systems, and (c) generation of 
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information in administration of delivery sys- 
tems. 

If suca decision aids are to be developed 
and maintained for use by extension person- 
nel, it is :mperative that a strong research base 
be availeble to keep the research current and 
to develop new decision aids. The objectives 
of this paper are (a) to discuss each of the 
types of decision aids specified above, (5) to 
review tke importance of a solid research base 
in the development and maintenance of such 
decisicn aids, and (c) to discuss extension de- 
livery techniques for rural development deci- 
sion aids. 


Decision Aids to Predict Growth 


For long- and short-range planning of commu- 
nity services, it is important that local decision 
makers have the best employment, income, 
and population estimates available. A mistake 
of buildinz a water or sewer treatment plant 
too small or too large can be costly and embar- 
rassing to elected officials. They need the best 
estimates with which we can provide them. 

Many community service needs are a func- 
tion of the age of the population. For example, 
the number of school children in a community 
can be estimated from information on the 
number of children by age category. For these 
purposes, a demographic model that includes 
componen:s of births, deaths, and migration 
can be used. Migration is difficult to predict, 
but historkal migration can be projected in 
lieu of more appropriate information. 

If there is a change in the economic base or 
the structure of a community, more detailed 
models may be needed. Some of these include 
economic base, input-output, from-to, dy- 
namic input-output, or simulation. Shaffer de- 
veloped a local development model under- 
standable by local decision makers. Applica- 
bility of Shaffer's work has been proven by the 
‘widespreac adoption of the basic model. Simi- 
lar models were computerized by personnel at 
the Univecsity of Florida, Purdue, South 
Dakota State, and Texas A&M. 


Copyright 1981 American Agricultural Economics Association 


Doeksen and Nelson 


Presently, at OSU, we are using an input- 
output model and community service use 
coefficients as decision aids in long-range rural 
development planning. An example of an ap- 
plication of our decision aids is a recent study 
for Weleetka, Oklahoma (Lenard, Doeksen, 
Hodges). A new electrical equipment-manu- 
facturing plant is scheduled to employ 52 
workers in 1981, 122 in 1982, and 175 in 1983. 
An input-output model was used to predict the 
secondary impact for employment and in- 
come. The employment estimates are pre- 
sented in table 1. Based on local conditions, 
such as unemployment and family size, popu- 
lation changes were also projected. 

In addition, the impacts these changes have 
on community services were projected. Exam- 
ples of impacts on community services are 
presented in table 2. Estimates were made of 
sewer needs, fire calls, hospital bed days, 
physician office visits, solid waste generation, 
and school taxes which would be attributable 
to the new plant. Local leaders used the esti- 
mates to evaluate the adequacies of local 
community services. 

As researchers, we need to continue to im- 
prove our basic models and as extension 
workers we need to relay the needs as we 
perceive them from the user level to re- 
searchers. Our local level background has 
convinced us of needs for (a) more in-depth 


Table 1. 
Weleetka 


Estimated employment changes by sector 
New electrical machinery manufacturing 
Construction | 
Transportation, communications anc utilities 
Wholesale and retail trade 
Finance, insurance, real estate and 

business and personal services 
Professional and related services 
Public administration 


Estimated total employment 


Population changes 
New electrical machinery manufacturing 
employees and their families 
Persons employed in other new jobs 
and their families 


Total population 
Estimated number of new households 
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localized information about the impacts of. 
economic change and (b) more information 
about the dynamic impacts of development or 
decline. Researchers are moving in this direc- 
tion. An example is the regional model devel- 
oped to analyze coal development in North 
Dakota (Toman, Murdock, Hertsgaard). Mur- 
dock and Leistritz are refining this model to 
measure the economic and demographic im- 
pacts on three communities of a nuclear re- 
pository. A community simulation model is 
being developed at OSU (Woods and Doek- 
sen). A gravity model is used to estimate the 
service area of a community; then location 
quotient and input-output techniques are 
combined to constitute an economic model. 
The economic portion of the model is made 
dynamic by a recursive system of equations 
which are driven by final demand-estimating 
equations. The demographic portion of the 
model is based on a population model employ- 
ing births and deaths. Migration is used to fit 
the demographic portion with the economic 
portion of the model. The model predicts em- 
ployment and income by industrial sector, 
population by age cohorts, community fiscal 
measures, and community service needs. Fis- 
cal measures include the amount of revenue 
generated by source, such as sales tax or user 
charges. Community service information in- 
cludes predictions of needs for water, sewer, 


Estimated Employment and Population Changes from the Proposed Plant Locating in 





Years 

1981 1982 1983 
52 122 175 
2 5 7 

3 8 11 
12 28 41 
10 24 34 
21 50 72 
10 22 32 
110 259 372 
21 44 62 
21 48 ‚71 
42 92 133 
13 31 45 








Source: Lenard, Doeksen, Hodges. 
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Table 2. Examples of Impacts on Community Services Eesulting from New Plant 





Item 1981 1982 1983 

Number of new school children 16 34 49 
Additional water needs (gailons) 1,076,400 2,566,800 3,726,000 
Addi-ional ambulance calls 2 3 5 
Addi-ional sales tax receipts $5,958 $15,369 $24,294 





Source: Lenard, Doeksen, Hodges. 


solid waste, fire. ambulance, police, hospital 
beds, and physician visits. 


Decision Aids to Evaluate Alternative 
Community Service Delivery Systems 


The decision aids employed most frequently 
by Oklahoma rural development extension., 
personnel are community service budgets. 
Farm management research and extension 
personnel] have emplcyed budgets for years 
and they are the foundation of many of their 
programs. Likewise, we have found that they 
are the cornerstone of our community service 
prog-ams. 

In Oklahoma, research and extension per- 
sonnel in recent years have emphasized pro- 
viding budgets for community services, and 
responses from local decision makers have 
been overwhelming. Now that local decision 
makers, state personnel, and others have te- 
come aware of our capabilities, requests for 
budget studies are almost more than регѕопге] 
can kandle. For example in 1980, Oklahoma 
Cooperative Extension Service personnel 
completed over 100 specific community ser- 
vice budget studies. These budget studies 
serve not only to build a clientele for rural 
development extension but also to provide a 
needed service. A recent letter from the mayor 
of Durant, Oklahcma, attests to this fact. The 
letter to Charles Browning, Dean of Agricul- 
ture, reads: 


We wish to express our appreciation of your fine 
staff and their report, in regard to the ambulance 
study for Bryan County. The data they collected and 
the information they presented will be most helpful in 
our determination of now tc handle the situation. We 
will probably use their experience again at a later 
date. 


To illustrate the zesults of a budget studv, a 
recent emergency mecical services (EMS) 
study will be summarized (Lenard et al. 1981). 
The research base for the extension applica- 


tion is found in an EMS handbook (Doeksen et 
al.). 

The city council of Sayre, Oklahoma, re- 
quested a budget analysis of their emergency 
medical s2rvice. They were seeking the best 
delivery system for the least cost. The study 
included an analysis of all ambulance runs 
made during the preceding year. Data were 
analyzed by a computer program and calls 
were sorted by type, time of day, place of pick 
up, destination, response times, and other cri- 
teria. The information aids a system manager 
to plan for staffing and equipment needs. 

Next, ал estimate of future calls was made 
to give decision makers an idea of future 
capacity nzeds of the system. Methodolgy de- 
rived from the research project was used to 
estimate calls for 1981 (fig. 1). Ambulance 
calls were classified into three types: (a) 
highway accideats, (b) transfers, and (c) other 
medical calls. Highway accident calls were 
specified as a function of the number of autos 
and motorzycles in the service area. Transfer 
calls were defined as the movement of patients 
between Lospitals and were specified as a 
function o? the size and services of the local 
hospital, the local medical staff, and other 
medical factors. Transfers can be estimated 
from records of the local hospital. Other medi- 
cal calls included all other calls and are gener- 
ally for errergency reasons, such as heart at- 
tacks and strokes. These were found to be a 
function 02 age. Using nine age categories, 
utilization rates were derived which indicate 
the number of calls per 1,000 population. 
These utilization rates can be used with area 
2opulation data to predict the number of other 
medical zals. By applying the methodology, 
406 calls were estimated for the Sayre EMS in 
1981. In acdition, a demographic model was 
employed то estimate the population of the 
area from 1980-20. Using the methodology in 
Doeksen (1979) the number of EMS calls was 
projected. For example, there were projected 
to be 449 calls in 1985 and 498 calls in 1990. 

The research base allows for the prediction 
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FORM I 


Procedure Used to Estimate Number of Calls, Mileage and Receipts for 
Emergency Medical Service 


Specify service area and community where ambulance is located. 


I. Estimate the number of calls for the service area 


A. Estimated number of calls for highway accidents = 39 


B. Estimated number of transfers (calls transferring 


patients between hospitals) 


Р 78 


C. Estimated number of other medical calls 


population population 
by of ser- 
age group Vice area 
in thous. 
below 20 / 74 и, 
20 - 29 а 834 
30 - 39 TAL 
40 - 49 & bf 
50 - 59 „629. 
60 ~ 64 3 $5 
65 - 69 2 63 
70 - 79 3 47 
80 + А 4 18 


no. of calls 
in each age 


no. of calls per 
thousands in each 


age group group 
per year per year 
8.57 LS 
17.07 15 
13.66 LQ 
16.82 LL 
28.04 LF 
46.42 £72 155 
59.91 Aaa 
137.32 f 73 
255.10 107 


Total other medical calls 2 gq 


D. Total ambulance calls: 34 (highway calls) + 12 


(transfer calls) + ag] (other medical calls) =" 
Application of EMS research to Sayre, Oklahoma 


Figure 1. 


of costs and returns for alternative systems. 
Forms were derived for easy analysis and pre- 
sentation. The summary form is presented in 
figure 2. The top portion of tne form can be 
used to estimate receipts. For example, if a 
$55 base rate is charged plus 31 per mile one 
way and 70% of the patients pay their bills, 
$24,045.00 will be collected. Annual capital 
and operating costs for four alternative sys- 
tems are summarized on the bottom portion of 
the form. The first alternative involves a sys- 


ab 


tem with volunteers and paid personnel. Total 
estimated annual costs equalled $56,674.98. 
The second and third alternatives include vol- 
unteer systems whereas the last is a hospital- 
based system. 

In this example, if 70% of patients pay their 
bills and a $65 base charge plus $1 per mile is 
employed, none of the systems would break 
even. Another source of income or a subsidy 
of some sort is needed at the $65 base rate. 

The budget analysis presents the alterna- 
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Table 3. Optimum Location, Response Time, and Annual Capital and Operating Costs for Two or 


Three Locations, sid hs County, Oklahoma 


First Choice 


Second Choice 





Min:mize response ume to 
get to emergency 


Two locations 
Three locations 


Distance to emergency. (miles) 


Maximum 
Iwo locations 23.5 
Three locations 23.5 


Bokchito, Durant 
Bokchito, Durant, Colbert 


Colbert, Durant 
Bokchito, Durant, Colbert 


Average Maximum Average 
24 37.5 2.45 
1.5 23.5 1.7 








tives confronting the local decision makers. 
The alternatives are constructed to reflect 
their desires. In addition to EMS budget stud- 
ies, extension personnel at OSU conduct 
budget studies for fire services, clinics, water 
delivery, solid waste disposal, transportation 
` systems for the elderly, and sewage disposal 
(Doeksen and Nelson). 


Decision Aids for Administration of 
Delivery Systems 


As we worked with decision makers, requests 
involving other decision aids surfaced. In each 
case, research was undertaken to develop the 
aids that could be used in future applications. 
Requests surfaced concerning (a) optimum lo- 
cation of emergency equipment, (b) least-cost 
service routes, and (c) potential revenues as- 
sociated with alternative rate structures. Each 
of these is discussed below. 


Optimum Location of Emergency Equipment 


The decision makers of Bryan County (Lenard 
et al. 1980) decided to create an EMS district 
to serve the entire county. Location of ambu- 
lances is critical to providing the best quality 
service. Local leaders requested a study to 
evaluate alternative locations. A general 
transportation model was used to minimize a 
linear objective function with respect to 
specific linear constraints (Oehrtman, Broeck- 
elman, Doeksen). For Bryan County, there 
were seven possible ambulance locations. 
These were Caddo, Bokchito, Bennington, 
Duran:, Calera, Colbert, and Achille. Once 
the supply points (locations) were designated, 
it was necessary to delineate demand areas. 
These were assumed to follow township lines 
within the county. This procedure resulted in 
the creation of thirty demand areas. Road 
miles from each of the seven supply points to 
the center of each demand point were com- 


puted to determine a mileage matrix. The re- 
maining data needed by the location model are 
the number of annual calls for ambulance ser- 
vice expected from each demand area. These 
were estimated as a function of area popula- 
tions. The computer model was run to deter- 
mine the 'east-cost combination of locations. 

If two _ocations are desired, the locations 
which vielded the lowest estimated average 
response time are Bokchito and Durant (table 
3). By having vehicles at these locations, the 
estimated average response in miles was 2.4 
miles and the maximum was 23.5 miles. The 
three loca-ions to minimize average response 
time were Bokchito, Durant, and Colbert. Es- 
timated zverage miles to an emergency 
dropped to 1.6, whereas the estimated maxi- 
mum distaace remained unchanged. First- and 
second-choice solutions are presented. In ad- 
dition to providing quality of service data as 
reflected in the response times, costs are esti- 
mated for each system. The annual cost of 
providing service from two locations was esti- 
mated as $167,519, whereas the annual cost if 
service is provided from three locations was 
estimated 25 $187,618. Local decision makers 
must decide whether the increased cost is 
"worth the reduction in response time. 


Least-Cost Service Routes 


Another decision aid which was developed to 
meet local requests is a routing model 
(Oehrtmen, Broeckelman, Doeksen). Re- 
cuests have been received concerning appro- 
priate routes for solid waste trucks and school 
tuses. A recent example of applying the prob- 
lem to a school system with 102 bus stops to 
pick up 215 children is used to illustrate the 
model. Each bus has a capacity of 48 children; 
therefore, assuming one route per bus, five 
buses woulc be required to transport the chil- 
dren from -heir homes to school and vice 
versa. 

All bus stops were numbered, and the num- 
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Form II 
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Procedure Used to Compare Estimated Annual Receipts and Costs for Alternative 


' Ambulance Delivery System 











I. Estimated Receipts 
` $45 $55 


($220 23,330 
12.080 12,020 
30440 34.350 
21,403 2405 
AD 20,bID 


Ambulance Fee $ x 

( number of calls}= 
Mileage Fee ($1 per mile 
one way) 
Total Receipts 
Receipts at 70% payment 
Receipts at 60% payment 


II. Estimated Costs 
Hightop 

ber] 

a Laas 


gr edd 
JF KAE 


Specify vehicle 


Communication system 





Alternative Fee Rates 


$65 


$75 


21,220 30,450 


12,020 


13,030 


3$ 4/0 92,420 


2,887 


24 144 


i06 AHR 


VHE 


lst zlternative 2nd alternative 3rd alternative 4th alternative 


27025 jid 


T d 
j "A / c 


Labor system ойбу Мишлйгег Шабай Hospital 
Hid ЕЕЕ c NER 
A. Capital expenditures 3 
Vehicle depreciation 38 Исло до s $ Aoc $ & sso 
Communication (Base) 5543,50 $543.50 $245150 $2AZSO 
Communication : 

(Vehicle) 5530,00 9.53000 5530,00 $530.00 — 
Building Depreciation $3470.00 $322.00 5342002 $ 3220, оо 
Pagers $5 30.40 5530.60 $ 520,66 5530.60 
Interest $ $ $ $ 

Subtotal 513,239.10 $/3, 228.10 51323110 $13, 339,/0 
в. Operating Expenses 
Vehicle 3823250 32.531250 9553150 2352150 
Communication 8450.00 $450.00 $4240 БОДО 
Building 5502.5 96287 SEA gg 422,88 
Medical 33Z55,50 53 755,50 $3,255.50 93155,50. 
Subtotal 0625, 88 5/4005. 88 SU, bas ae 60599? 
С. Labor costs Subtotal $2413. $ f abb. s320. 52352, 
D. Training cost $350.00 $250.00 $250.p 5252.00 
Е. Miscellaneous 5250.00 52504) 52%.00 25000 
Total 5L 52199 53172404? 3504/13 95290079 


Figure 2. Summary form of EMS alternatives facing decision makers in Sayre, Oklahoma 


ber of children to be picked up at each stop 
was indicated. In addition, a mileage matrix 
was specified which indicated the miles from 
each bus stop to each other bus stop. The 
computer routing program wes then used to 
select the five routes which would minimize 
miles traveled without exceeding bus capacity 
or time limits. The five routes specified by the 


computer program minimize the mileage 
traveled by the five buses. 


A Utility Rate Structure Modei 
The estimation of revenues associated with 


community services that have complicated 
rate structures (such as water systems) can be 
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a rather complex procedure. A computer pro- 
gram was developed at Oklahoma State Uni- 
versity for this purpose. 

Ir order to make the program operable, data 
must be input on number of users and con- 
sumption by user for each month in a year. 
Alternative rate structures can then be spec- 
ified and the computer will calculate total rev- 
enues which would be generated from these 
users from each rate structure alternative 
(Nelson et al.). 

Decision makers for Ottawa County Rural 
Water District Number 2 in northeastern 
Oklahoma requested assistance from the 
Cooperative Extension Service in estimating 
revenues which they might expect from alter- 
native rate structures. They wished to com- 
pare these revenues with estimates of costs for 
upgrading their system. The decision makers 
provided appropriate data on system use. 

Computer outptts such as the one shown in 
table 4 were then generated for several rzte 
struccures. Water district decision makers 
used this information to set new water rates. 


Importance of a Research Base 


An extension program which delivers decision 
aids to local leaders needs a strong and con- 
tinuing research base. Rural development re- 
searchers need to continue (a) improving de- 
cision aids by better prediction of community 
growth and decline and evaluation of impacts, 
(b) updating and improving community ser- 
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vice budgets end analyses, and (c) providing 
new decision zids as new problems surface. A 
community simulation model is needed which 
is sensitive to many local issues and can pre- 
dict impcrtant variables over time. 

Concerning our community service budget 
analysis, much research work remains. 
Specific needs are (a) to provide better de- 
mand or 1 ѕаре coefficients, (b) to determine if 
a service is price elastic or inelastic, (c) to 
estimate econcmies of size, (d) to estimate at 
what usage levels additional capital inputs are 
needed, (г) to provide quality of service mea- 
surements, and (f) to continual update 
budget data. 


The Delivery Process 


Other than the usual procedure of having the 
requests go through the county extension di- 
rector with assistance provided by the area 
and state rural development specialist, several 
features are thoaght to be critical to successful 
delivery of rurai development decision aids by 
Oklahoma Cooperative Extension. These in- 
clude (a) a team effort involving all related 
agencies, (b) rabid responses to requests, and 
(c) specific coramunity reports. When a re- 
quest is rezeived, OSU personnel involve all 
related agencies. For example, if an emer- 
gency medical service request arises, person- 
nel from the State Health Department, State 
Highway Department, Health Systems 
Agency and Sub-State Planning District be- 


Table 4. Total Water Sales (Dollars) by Month and Use Class 








Less 1500 450C 6500 More 

Than to to Than 
Month 1,509 4,500 6,50€ 10,000 10,000 Total 
January 803 1,281 398 293 125 2,899 
February 548 565 457 799 1,979 4,347 
March 638 883 677 489 726 3,412 
April 585 750 604 866 1,144 3,948 
May 525 784 716 753 1,051 3,831 
June 510 761 $59 929 815 3,574 
July 503 620 711 965 878 3,677 
August 548 601 562 1,054 1,055 3,820 
September 578 750 656 826 838 3,657 
October 623 534 661 943 971 3,731 
Novemter 683 757 639 777 609 3,464 
Decemb2r 660 925 675 660 446 3,366 
Average 600 768 610 779 887 3,644 


Total annual: $43,732 





Note: Information is based on the following price scheme: under 1,560 gallons: flat rate of $7.5); next 3,000 gallons are charged at $0.110 
per 100 gellons; next 2,000 gallons are charged at $0.080 per 100 gallons; next.3,500 gal ons are charged at $0.075 per 100 gallons; above 


10,000 galons charged at $С.070 per 100 gallons. 
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come part of a response team. Each agency 
has expertise to contribute to the solution of a 
community problem. Community leaders are 
impressed by such joint efforts and recognize 
to whom they may turn if questions arise in 
specific areas. Since this approach is working, 
other agencies are aware of our contributions 
and often refer budget studies to us. 

Local leaders appreciate quick response to 
their crises. Many of the studies have been 
computerized to facilitate rapid response 
(Nelson and Doeksen). The goel of extension 
personnel has been to complete a study within 
four weeks of the date the request is received. 
In addition, a computer terminal is often taken 
along to a community when a final report is 
delivered, so that other alternatives can be 
analyzed via telephone connection if commu- 
nity leaders so desire. The computer programs 
are written in interactive modes so they are 
easily used and understood by local leaders. 

The last, unique aspect of the delivery pro- 
cess is to leave copies of final reports with 
community leaders. Reports include names, 
agencies, and telephone numbers of everyone 
involved with the report. Writien reports are 
good advertisements for extension as leaders 
from other communities see the reports and 
become aware of the assistance which exten- 
sion can provide. 

These decision aids have built a strong and 
large clientele. Many community leaders have 
written the dean of agriculture or the president 
of the Oklahoma State University indicating 
their appreciation of extension's assistance. If 
we ever need someone to ''go to bat’’ for rural 
development extension in Okiahoma, we are 
confident that the many community leaders for 
whom extension has worked will gladly sup- 
port our programs. 
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Management Information Systems for 
Local Government: Discussion 


Steve W. Murray 


Sjo and Biere have skillfully discussed a topic 
which is timely sirce there are intense public 
demands for more efficiency in the production 
and delivery of services by local governments, 
for a reduction in the size of public sector, and 
for an accompanying reduction in taxes. 
Community development researchers and ex- 
tension personnel at land grant universities are 
concerned that local government officials in 
smaller cities trying to operate more efficiently 
may purchase expensive computer hardware 
and software which have limited applicatiors 
in local governmen: and may not provide gov- 
ernment administrators and voters with useful 
information for making decisions. 

A management information system must 
furnish relevant data in useful form to the right 
person at the right time for use in management 
decisions. Computers assist in the process 
but, as Sjo and Biere explain, the computer 
itself is not the management information sys- 
tem. To be effective the system must supplv 
administrators with information they need to 
deliver services efficiently (an ‘‘internal’’ use) 
and it must transmit information about the 
cost of the services to the vcters (an ‘‘exter- 
nal’’ use). Through the political process the 
mix and level of services can be adjusted so. 
that the total utilicy of the community is 
maxim:zed. 

There are levels 5f sophistication of com- 
puterized management information systems. 
At the first level the computer does what was 
formerly done by hand or with noncom- 
puterized equipment. Even though the size of 
the application might be quite large, this is still 
the lowest level of ccmputer utilization. In this 
mode the computer functions as a high-speed 
adding machine and typewriter. 

At the second level the computer is used to 
automate a portion cf an agency's work. This 
includes the use of the computer as a low level 
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decision maker in those instances where all 
the factors needed to make a decision can be 
programmed into the system and judgmental 
qualities аге not needed. Examples of auto- 
mated appications are the automatic sending 
of overdue or cutoff notices for delinquent 
utility bills, permit application renewals, and 
summonses for parking violations after pre- 
scribed periods of time. 

At the third, and highest, level the comput- 
erized management information system re- 
ports to managers the types of analytical in- 
formation that will help them in their work of 
decision making. The computer is used to 
make aggrezations, summaries, and exception 
analyses fo- these purposes. 

In most local governments the computer is 
used at the lowest level; Sjo and Biere chal- 
lenge econcmists to see that higher utilization 
is attained. The гсопотіѕї must be a partner 
with the daia-processing professional, the ac- 
countant, and the attorney in designing the 
managemenl information system for local 
government. The first requirement is that the 
system maiatain records which are required 
by federal, state, and local statute. This is a 
low level tsage and the economists’ con- 
tribution is imited at this stage. 

The economists’ contribution is critical at 
the third level—providing analytical informa- 
tion to government administrators and voters. 
Typical of the cortributions the economist can 
make in the development of the management 
information system is clarifying the effect of 
depreciation and interest expense on the total 
cost of providing various services. 

Sjo and Biere argue that local governments 
have no single objective measure of perfor- 
mance as do private firms. They maintain that 
profit is a rezsonable measure of performance 
for private firms and question whether other 
measures are good substitutes. Local govern- 
ments provile distinct services. Some of 
these services are readily available in both 
public and p-ivate sectors. Examples of ser- 
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vices which are commonly provided by either 
sector are solid waste collection and disposal, 
road and street construction and maintenance, 
and emergency ambulance service; services 
commonly produced only by the local public 
sector are fire protection and operation of the 
polls. Local decision makers must routinely 
choose whether to provide public services 
such as those in the first category indirectly 
through contracts between the government 
and the private firms or directly ty employees 
and equipment of the local government. The 
information the local decision maker needs is 
not related to profits, but rather to the total 
cost of providing the service by the govern- 
ment as opposed to the contract price charged 
by the suppliers of the service in the private 
sector. 

The authors stress that there are fundamen- 
tal differences in the objectives of managers of 
private firms and the objectives of adminis- 
trators within local government organizations. 
For example, while the objective of the man- 
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ager of a private firm may be to maximize 
profits, the companion objective of a public 
sector manager may be to provide adequate 
service while spending exactly the amount al- 
located to his department during the period 
covered by the government budget. The ven- 
dor of the computer must understand that ob- 
jectives of government administrators dif- 
fer from those of managers in private firms. 
Government officials must understand that 
software designed for private sector applica- 
tions may not be useful in a government de- 
partment. 

Whether universities, the federal govern- 
ment, or private firms will lead in the devel- 
opment of computerized management infor- 
mation systems for local government is uncer- 
tain. Because of their training and contacts 
with local government, extension and research 
economists at land grant universities certainly 
can contribute to the development of local 
government management information sys- 
tems. 


Management Information Systems for Local 
Government: Discussion 


Richard Barrows 


Sjo and Biere have taken the initial steps in 
developing a conceptual framework relating 
management information systems (MIS), local 
government capacity building, and a general 
theory of local government behavior. To their 
credit, the authors avoid the common error of 
focusing on computer technology, technique, 
and zase study examples rather than on the 
policy issue or problems MIS is designed to 
resolve, They have produced a thoughtful and 
stimulating paper. 

My major criticism of the paper is simply 
that the analysis of the governmental setting 
for MIS was not sufficiently developed. This 
criticism is not entirely appropriate, given the 
constraints on the length of the paper and the 
initial stage of development of the conceptual 
framework. I will briefly extract what I believe 
to be the key points of their argument, suggest 
some modifications and avenues for expan- 
sion, and identify some implications for re- 
search and extension. 

The authors note some critical differences 
between private businesses and local govern- 
ments that affect adoption of MIS. Two of 
these differences form the basis for an argu- 
ment that the neoclassical theory of the firm 
will not perform well when applied to local 
government decisions in general, and MIS in 
particular. They argue that for local govern- 
ments. an ‘‘objective performance measure" 
analogous to profits for firms is lacking be- 
cause of widely divergent views of what local 
goverrment should do. A second important 
observation, that ''iocal government decision 
making is a political process . . .", leads Sjo 
and Biere to the conclusion that various defini- 
tions of "capacity building" are inadequate 
because they are based on a concept of local 
government analogous to a private firm. They 
argue that the Robinson Crusoe example, ir: 
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which consumption and production decisions 
are made in combination bv a single entity, is a 
more appropriate conceptual model. How- 
ever, they criticize this concept because it ig- 
nores the high degree of human interaction 
inherent in local government operation. 

A generalized model of local government 
decision making is implicit in the paper, al- 
though it is never explicitly or fully developed. 
I will extend some of Sjo and Biere’s argu- 
ments enc outline a model similar to those 
developed recently in international relations in 
political scienc2 (Allison). Consider a local 
government which jointly makes consumption 
decisions (which services, how much, to 
whom, etc.) and production decisions (how to 
produce, by whom, what cost, etc.). Consider 
a political environment in which decisions are 
the result of the interaction of various interest 
groups, private organizations such as busi- 
nesses, public organizations such as county de- 
partments, elected officials, and the ‘‘in- 
terested public.’’ This interaction is structured 
according to some ''rules of the game” which 
define the channel through which an action is 
taken. Action channels vary with the issue. 
For exampie, the action channel for a road 
construction project decision will be different 
from that for a federally financed sewer proj- 
ect. These decision-making rules place indi- 
viduals or groups at key points in the process 
and partially define the power or access to 
power of individuals, interest groups, and or- 
ganizations. 

This rudimentary model can be applied to 
adoption of MIS. Sjo and Biere correctly note 
that those “‘external’’ to government bureau- 
cracy are central in consumption decisions 
and that MIS must be designed to help citizens 
make collective decisions. (However, public 
agencies also participate in the consumption 
decisions). For a given consumption decision, 
it is possible to identify the action channel, the 
key actors along the channel, the private 
interest groups and organizations, and their 
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interests. This should aid in a syst2matic iden- 
tification of relevant information for a MIS 
system. For example, in Wisconsin county 
forest decisions, the relevant actors are the 
county board chairman and forestry commit- 
tee, recreationists, loggers and wood indus- 
tries, resort owners, and a state agency. Each 
group has some fairly well-defined interests 
that should be captured in any MIS design. 

Production decisions are also best viewed as 
a political process. Adoption of a particular 
policy or action may simply shift the political 
struggle to the implementation front. Also, as 
Sjo and Biere note, production occurs in com- 
plex organizations and the theorv of organiza- 
tional behavior pioneered by Simon and others 
is relevant. In designing an MIS, it is impor- 
tant to understand both the local political pro- 
cess and decision making within complex or- 
ganizations. (Sjo and Biere argue that the in- 
dividual is the basic decision unit in produc- 
tion, not the local government. In small rural 
counties, where one individual may comprise 
an entire county department, this may be a 
useful simplification of organization theory, 
but in larger counties this may not work well.) 
Obviously, MIS also can assisi in analyzing 
the efficiency or cost-effectivenzss of produc- 
tion activities. However, if MIS is to be used 
to provide incentives for efficient production, 
then an understanding of how individuals act 
in complex organizations is required. 

The view of MIS as a part of local govern- 
ment political processes suggests two obvious 
research needs—a conceptual model of the 
local government decision-making process 
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and a model of behavior in complex organiza- 
tions adapted to rural, small government con- 
ditions. Both types of research are well-suited 
to interdisciplinary work by economists and 
political scientists, as Sjo and Biere note. Ex- 
tension economists also would benefit from 
research to identify the "key ingredients’’ for 
successful implementation of an MIS system. 
One key ingredient may be a strong incentive 
for local government to adopt MIS—in Ellis 
County, Kansas, it was evidently strong dis- 
satisfaction with a new computer system. A 
strong incentive probably is needed to over- 
come the problem of short-run costs and 
long-run benefits from MIS, and the short-run 
nature of government budgets and the terms of 
elected officials. Another prerequisite may be 
strong support from top administrators and 
staff, and the incentive and ability to absorb 
the training necessary to make the MIS system 
work. Sjo and Biere's example also suggests 
that some outside support may be necessary at 
least in the first few years in the first counties 
to adopt MIS. The challenge for extension 
economists is ultimately to design a procedure 
for design of MIS which can be used by local 
governments or private firms without exten- 
sive university support. 
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Decision Aids for Local Decision Making: 


Discussion 
W. Arden Colette 


The authors have done an excellent job of 
documenting whet can be done and is being 
done to assist local decision makers. Their 
presentation refers to more than twenty alter- 
native analyses they provide for both the pri- 
vate and the public sectors. The list of avail- 
able decision aids is impressive and the devel- 
opers of the programs should be com- 
plimented. ` 

Hcwever, the state of knowledge is never 
static. There is always a search for a better 
mouse trap or a better model. The authors’ list 
of research needs demonstrates the need for 
constant improvement. The development of 
more precise demand and usage coefficients, 
the computation of elasticities, the determina- 
tion of economies of size and other economic 
measurements would be helpful in refining and 
imprcving the decision aid models. 

The program described by the authors was 
developed and has been operated successfully 
in a system in which the extension specialist 
completes the analysis and presents the alter- 
natives to the decision maker. However, they 
do not consider future trends in decision aid 
development and use nor do they address the 
implementation of programs under different 
extension philosophies or where personnel are 
limited. 

Universities that are contemplating initiat- 
ing or expanding their Gecision aid programs 
should answer four basic questions in their 
planning process. First, who will bear the 
costs of the program? The cost can be borne 
by the community that uses the decision aid 
(and thereby receives the benefit), by the state 
program, or it can be paid out of federal funds. 
The distribution of costs will affect the number 
and size distributior. of communities that par- 
ticipate in the program. Second, will a fee be 
charged for the service or will the service be 
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provided ree? If a fee is charged, will it cover 
the cost o? developing and using the aid or will 
the community pay only the variable costs? If 
the fee dces not cover the entire cost, how is 
competition with private consultants to be 
evaluated? Third, will education or service be 
the basic extension philosophy of the pro- 
gram? In zn educational program, the decision 
aids would be developed and local personnel 
trained tc use them. In a more service- 
orientec program the analvses would be run 
by university personnel and only the alterna- 
tive solutions presented to the decision mak- 
ers. Fourth, what will be the level of service? 
Will the programs provide expertise by sub- 
stituting for local planning departments or will 
it develop expertise by providing only sup- 
plemental information for professional plan- 
ners? 

The answers to these questions will go a 
long way in determining the types of decision 
aids to be developed, the form they should 
take, and personnel needs. 

During tie past few years computer tech- 
nology Eas progressed so rapidly that inde- 
pendent computer systems are now within the 
financial reach of even the smallest planning 
department. Depending upon their size and 
the complexity of their tasks, decision makers 
can select between microcomputer, minicom- 
puter, and main-frame computer systems. A 
leading p.ar ning consultant has predicted that 
curing the 1986s the use of the personal 
computer vill become standard in even the 
smallest plenning office (Finn). Even at the 
current level of technology the microcomputer 
provides many alternatives for geographic- 
based daia dispiay, planning data analysis, 
office operations, and telecommunications. 

Regardless of the method selected, the uni- 
versity has a role in satisfying those informa- 
tion needs that are beyond the scope of any 
single local planning department. Local plan- 
ners look to the university to obtain popula- 
tion projections and other demographic infor- 
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mation. There are also basic data sets that are 
needed by all planners. Basic technical rela- 
tionships, such as school services require- 
ments, housing services needs, water re- 
quirements, sewer generation, trir end genera- 
tion, and secondary impact multipliers are 
common requirements of all planning units. 
The development and maintenance of these 
types of data sets should be one of the basic 
functions of every university program. 

One of the main problems that every pro- 
gram must face is the development of recep- 
tive clientele and adequate support. Unlike 
Oklahoma, many programs have not been able 
to generate strong political support from clien- 
tele groups. 

In summary, the paper is an excellent 
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documentation of what can be done and how 
far decision aid development has advanced. 
However, it provides little insight into the fu- 
ture direction of decision aid development and 
program implementation. In expanding its 
program, each university must answer such 
questions as, Who will bear the cost of the 
program? Will the program be primarily educa- 
tional or service oriented? What level of ser- 
vice will be provided? And, finally, how can 
strong clientele and financial support bases be 
built and maintained? 
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Decision Aids for Local Decision Making: . 


Discussion 
Josef M. Broder 


In this period of declining state and federal 
support for many local programs, local 
officials are given the formidable task of pro- 
viding adequate levels of community services 
for localities which often exhibit unique and 
unpredictable growth patterns. More than be- 
fore, local officials must assume the role of 
entrepreneurs in planning and implementing 
community service delivery systems. As with 
any type of management role, the local deci- 
sion maker has an ever-increasing need for 
management information. The quality of a par- 
ticular decision with regard to community ser- 
vice provision is only as good as the quality of 
the information zvailable to the decision 
maker. Unfortunately, many small units or 
subunits of government have neither the in- 
formation or the means of obtaining the infor- 
mation for making sound management deci- 
sions. 

Realizing the importance of information to 
the local decision-making process, Doeksen 
and Nelson have developed an impressive 
program of decision aids for local decision 
making. The main thrust of their program is to 
assist rural areas in planning to accommodate 
change. Their program emphasizes three main 
areas which include decision aids (a) to pre- 
dict growth, (b) to evaluate alternative com- 
munity service delivery systems, and (c) to 
adminiscer delivery systems. This discussion 
will attempt a brief assessment of the strengths 
and limitations of these decision aids. In con- 
ventionz] terms, area (a) is concerned with the 
demand side while areas (5) and (c) are con- 
cerned with the supply side of community ser- 
vice provision. Given the collective nature of 
community service provision, this discussion 
is written from a public choice perspective. 

With respect to demand, the authors have 
indicated that population, employment, and 
income changes impact directly on the level 
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and mix of community services. Local deci- 
sion makers face a twofold challenge of satis- 
fying the majority needs of current residents 
and planning for potential growth. The latter 
of these challenges appears to be the most 
troublesome. In planning for populations and 
industries which may (or may not) arrive at 
some future date, decision makers are faced 
with the problem of planning for option de- 
mand. Option demand is a special public 
20045 problem essociated with identifying and 
collecting z fee from individuals who will ben- 
efit at some future date from a public decision 
made today. For expanding communities, 
planning for option demand means designing 
end financing service delivery systems which 
exceed the effective demand of the current 
ropulation. This task is further complicated by 
uncertainties as to the preferences of future 
residents which may differ from those of cur- 
rent residents. Reliable growth forecasts can 
reduce some potential overinvestments or un- 
derinvestments in service delivery systems. 
On the supply of community services, 
Doekson and Neison discussed decision aids 
tc assist decision makers in evaluating and 
acministerinz alternative systems. For this 
purpose, community service budgets were de- 
veloped which enable decision makers to 
choose among alternative systems. Adopted 
from farm management budgets, community 
service budgets eliminate some of the 
gu2sswork associated with implementing or 
increasing th» level of community services. 
Lacking the resources to generate budget in- 
formation, lozal officials will be able to use 
these decision aids to provide services at 
lower costs. I was particularly impressed with 
the format ard thoroughness of the budgets 
designed for ambulance delivery systems. Par- 
tictlarly noteworthy of these budgets are the 
decision options which are made available to 
decision makers. These options provide con- 
siderable flexibility for decison makers. 
Acter adopting a service delivery system, 
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decision makers need information on monitor- 
ing and modifying the system over time. To 
this end, research was undertaken to enable 
decision makers to determine optimum loca- 
tions, least-cost service routes, and potential 
revenues. Optimum locations for emergency 
medical services were determined through a 
general transportation model. A computer 
routing program was developed to minimize 
travel costs for solid waste trucks and school 
buses. A computer program was developed to 
estimate potential revenues from alternative 
water rate structures. 

Some major shortcomings of these decision 
aids were discussed by the authors in their 
needed research section. Among the more im- 
portant were (а) the need to provide better 
demand estimates and (b) the need to provide 
quality of service measurements. Given a 
clearly defined objective function of maximiz- 
ing revenues or minimizing costs, the service 
supply problem reduces to a farm management 
problem. However, when citizens disagree as 
to the proper level and mix of services, the 
process of community service provision may 
not be as simple as the authors have indicated. 

A distinction is made in the public choice 
literature between production studies which 
establish physical input-output relationships 
and institutional studies which are concerned 
with conflicts over output definition under al- 
ternative institutional settings. The decision 
aids developed by the authors are sufficient for 
identifying production relationships but are 
weak in assisting local decision makers to un- 
derstand the community service demand- 
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articulation process. Without a clear under- 
standing of citizen preferences, local decision 
makers risk maximizing the level of commu- 
nity services citizens do not want. In addition 
to production studies, decision aids are 
needed which enable decision makers to iden- 
tify citizen preferences. 

The demand articulation process affects 
both the quantity and quality of community 
services. Service quality is a reflection of how 
well the level and content of a service meets 
the preferences of local citizens. Service quality 
is influenced by the preferences of citizens 
who have access to the community service 
production process. Changes in population 
likely will change the relative power of groups 
and their access to this process, and, thus, 
further complicate the task of providing qual- 
ity services compatible with majority prefer- 
ences. More research is needed on the impact 
of community growth on the service demand 
articulation process. 

In conclusion, local decision makers also 
need decision aids that enable them to identify 
changes in community preferences and adjust 
the level and mix of community services ac- 
cordingly. These decision aids can take the 
form of preference surveys of the type used by 
national level decision makers to identify ma- 
jority preferences on a particular issue. Sur- 
vey technologies can be readily adapted to the 
local level. The development of local prefer- 
ence surveys as decision aids will further en- 
hance the decision maker’s ability to provide 
community services which are consistent with 
local needs. 
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panels and an advisory committee were 
formed. The study was organized around three 
areas: (a) management of food and agricul- 
tural research, (b) structure of food and ag- 
ricultural research, and (c) determination of 
food and agricultural research priorities. 

A work group of nationally recognized pro- 
fessionals was formed for each cf the three 
areas. The work groups identified the topics of 
the commissioned papers, advised on the 
major components of each paper, and recom- 
mended authors. Each work group also re- 
viewed the papers and drafts of the final re- 
port. 

An overall advisory committee also was se- 
lected. It included research professionals and 
representatives from sectors affected by food 
and agricultural research—farmers, pro- 
cessors, retailers, labor, and consumers. The 
advisory committee provided overall guidance 
to OTA on issues to be analyzed, and it re- 
viewed all commissioned papers and drafts of 
the final report. 

Although the report does not focus on ag- 
ricultural economics per se, there are a num- 
ber of observations that can be made about the 
role of agricultural economists in the broader 
area of agricultural research. The remaining 
discussion will delineate the contributions by 
agricultural economists to the study, discuss 
some of the general findings of the study that 
have relevance to agricultural economics, and 
discuss implications for the agricultural eco- 
nomics profession. 


Contributions of Agricultural Economists 
to the Study 


The major contributions of agricultural econ- 
omists to the OTA study were in three main 
areas. 

First, an economist with a strong interest in 
agricultural history traced USDA and state re- 
search institutional developments and showed 
their growth and interaction over time. 

Second, agricultural economists were re- 
sponsible for (a) analyzing the funding of ag- 
ricultural research; (b) analyzing the costs, 
benefits, and burdens of agricultural research; 
and (c) developing methodolcgies to measure 
the quality of research. Under (5), agricultural 
economists analyzed the nature of research 
benefits, examined the distribution of benefits 
and burdens, studied the relationship between 
benefits and funding sources, and measured 


Effects of Research and Education on Agriculture 991 


the economic returns to research investment. 
Under (c), agricultural economists attempted 
to develop better methodologies for measuring 
the quality of research through the use of pub- 
lication citations in peer-reviewed journals 
and the granting of patents. A great deal of 
research will be needed before these or any 
other measurements of research quality can be 
used, if they can be used at all. 

Third, agricultural economists evaluated 
methodologies for determining research priori- 
ties. Existing methodologies—for example, 
those used in the World Food and Nutrition 
Study—were evaluated according to their 
strengths and weaknesses. Again, it became 
evident that more research is needed to de- 
velop methodologies for setting research prior- 
ities and to assess the impacts of the research. 

In general, we were somewhat surprised by 
the relatively limited amount of research on 
the social, economic, technological, and other 
impacts of agricultural research in the United 
States. We particularly have in mind rate of 
return, or cost-benefit analysis, and develop- 
ment of methods for measuring priorities. 
Much of the major existing work concerns for- 
eign agriculture; the relative neglect of the 
United Siates is rather odd, considering the 
early work of Griliches and the University of 
Minnesota research conference held in 1969 
(Fishel). Much of the work reported at a re- 
cent Minnesota conference for this country 
(Evaluation of Agricultural Research) was of 
a scattered nature and recent vintage. Re- 
search on the impacts of agricultural research 
in the United States does not seem to yet be a 
main line of activity in the profession. 


Assessment References to Agricultural 
Economics 


The assessment made a number of findings. 
Although economics research was not a main 
focus of the study, it did come in for some 
attention. Those findings of particular interest 
and with implications for economics research 
are briefly noted here. They are in the areas of 
funding, roles of research participants, man- 
agement of research, and research priorities 
determination. 


Funding 
Despite the fact the USDA was a pioneer and 


long a leader in research in the U.S. govern- 
ment, the present situation is quite different. 
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Recent USDA res2arch expenditures hav2 
been the smallest 5f any major federal re- 
search agency. In 1978, USDA's share of fed- 
eral research expenditures was only 1.5%. 
This compares as follows: Department o? De- 
fense, 45%; Department of Energy, 16%: and 
Department of Health and Human Services, 
1256. 

The purchasing power of total USDA and 
SAES agricultural research expenditures in- 
creased 23% in zons-ant dollars from 1966 to 
1979. The pattern, however, differed sharply 
by component: USDA expenditures increased 
only 1%, while those of SAES increased 40%. 

Private industry agricultural research is a 
major contributo: to total food and agricultural 
research in the United States. Total expeadi- 
tures by private enterprise for food and ag- 
ricultural research are about three-quarters of 
the 2xpenditures of state and federal govern- 
ment combined. 

Within the total research budget of USDA 
(excluding funds passed on to the states), ezo- 
nomics research as represented by the Eco- 
nomic Research Service (ERS) occupies a rel- 
atively small role. From 1972 to 1980, it ac- 
counted for only aboat 5.596 of USDA re- 
search expenditures. 

Economics research typically has not been 
strongly favored by tbe agricultural commit- 
tees in Congress. Other forms of social science 
research have been even less favored. Con- 
gressional disfavor orizinated with early ef- 
forts by the Bureau of Agricultural Economics 
(BAE) to be a general rlanning agency for the 
depar:ment. This proved to be highly contro- 
versial and was gradually cut back. From 1953 
to 1961, economics research was split between 
and assigned to the Agricultural Research 
Service and the Agricultural Marketing Ser- 
vice. 

In 1961, agricultural economics research was 
regrouped into the Economic Research Ser- 
vice and the Statisticel Reporting Service 
(SRS). While the new arrangement was quite 
attractive to many agricultural economists, i: 
did no: find great favor in Congress. When 
Willaré Cochrane, the tirst Director of Ag- 
ricultural Economics, lef: in 1964, he said that 
without strong support from the Secretary, 
ERS would have a difficult time surviving, in 


part because “ERS had no pressure eroun . -e.e 
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‘You insist on having a Bureau of Agricultural 
Economics. It is my judgment it costs you 
about a million or a million and a half dollars a 
year to carry that title, because it is hard to 
sell" (Baker and Rasmussen, p. 67). 

Oniy rarely did an appropriation that in- 
creased funding for a particular line of eco- 
nomics research get through the Congress. As 
for the regular ERS budget, Congress con- 
tinued to be cvitical. ‘‘The administrator some- 
times seemed to be on a treadmill where great 
effort was required merely to remain in place" 
(Bake- and Rasmussen, p. 68). 

In fzct, economics research funding through 
ERS has not even done that well. From 1966 
to 1972, current dollar expenditures by ERS 
increased rather steadily from $16.3 to $37.1 
million, or 127%. However, this increase did 
not keep up with inflation during the period, 
and in constant dollars there was an 8% de- 
crease from 1966 to 1979.! 

Moreover, cf the roughly 5.5% of the De- 
partment's own research budget for 1972 to 
1980 that was spent by ERS, only part was 
spent on research as such. ERS estimates that 
in FY 1980 orly 3596 of its funds went for 
research, 47% for analysis, and 18% for data 
acquisition. If these proportions are applied to 
the FY 19&0 budget, it means that only 2% was 
spent on economics research and that the 
other 3.5% was spent on economic-related ac- 
tivities. There are no widelv accepted norms 
in these matters, but this does seem a very 
small proportion for economics research. 

The economics departments in the colleges 
of agriculture at the land grant universities 
have not fared much better. Economics re- 
search has remained at about 7.396 of total 
funding for all agricultural research in the 
United States since 1970. Other social science 
research has accounted for 2.0% of total ex- 
penditures, while biological and physical sci- 
ence research has received 89.996 of the total 
expenditures within the USDA and state ag- 
ricultural experiment stations. 


Roles of Research Participants 
There is an impor-ant role for a strong national 


research program funded by USDA. This role 
has been carried cut in the past by the Agricul- 
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tural Research Service (for a while known as 
SEA-AR?), Economic Research Service, and 
federal funding to state agricultural experi- 
ment stations. Historically, the ARS role was 
associated with broad regional, national, and 
international activities. The role of SAES, in- 
sofar as federal funds are concerned, has been 
primarily for local, state, and regional prob- 
lems. 

Within agricultural economics research, 
there has been very little discussion on the 
roles of the major public participants—ERS 
and university departments of agricultural 
economics. ERS convened a national commit- 
tee of department chairmen and researchers in 
August 1979 to discuss mutual problems and 
interests. One issue was a perceived misun- 
derstanding about similarities and differences 
in the role of ERS and university departments 
of agricultural economics. This lack of under- 
standing was viewed as a barrier to improv- 
ing the linkages and communication between 
ERS and universities. Several stereotypical 
descriptions indicated the differing percep- 
tions of the group: (a) ERS works on national 
problems, and universities work on local and 
regional problems. (b) Universities work on 
micro problems and ERS on macro problems. 
(c) Universities should conduct basic and 
methodological research, and ERS should 
conduct applied research. (d) ERS serves na- 
tional policy maker clientele, and universities 
serve farmers and state policy makers. 

It is clear that the agricultural economics 
profession is not in agreement on what the 
roles are or should be for ERS and the univer- 
sities. A clarification of roles should make it 
easier to identify areas of mutual interest and 
facilitate productive cooperative research. 

As an example of the delineation of roles, 
there is no question that there is a role for a 
strong national USDA research program in the 
physical and biological sciences in food and 
agriculture. There are some implementation 
problems; but when the system is working 
properly, federal funds allocated to ARS are 
primarily for problems of regional or national 
importance where (a) the nature and/or mag- 
nitude of the problem is such that a single state 
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cerns for the problems, or (c) from an indus- 
trial standpoint, where the risk is too high or 
too demanding for any one industrial compo- 
nent. ARS is also responsible for research 
needs of action agencies within USDA. In ad- 
dition, it is responsible and accountable to 
both the executive and legislative branches of 
government for the administration and na- 
tional coordination of such programs. ARS 
leaves to the states those local, state, and 
site-specific problems that can be handled by 
the SAES. >- 

SAES, insofar as formula funds are con- 
cerned, have primary responsibilities for state 
or local problems. SAES are concerned with 
problems of a regional, national, and/or inter- 
national nature that are an extension of their 
state and local problems. But where ARS has 
active regional and/or national programs, such 
programs are developed cooperatively. 

Agricultural economists need to debate the 
merits of a similar demarcation between ERS 
and universities. There have been no follow- 
up activities since the 1979 meeting. The tight- 
ening of federal funds in social science re- 
search will no doubt force this type of debate 
as appropriations committees demand a more 
efficient and coordinated approach to re- 
search. 


Management of Research 


During the long existence of the Bureau of 
Agricultural Economics and since 1961, ag- 
ricultural economics research has been a sepa- 
rate research component in USDA. (Between 
the two periods most of the economics re- 
search was integrated into the Agricultural 
Research Service and the Agricultural Market- 
ing Service). University departments of ag- 
ricultural economics are also organized sepa- 
rately from the other disciplines. One result 
from this type of organization has been some 
isolation from the rest of the agricultural re- 
search community. 

The discovery of new knowledge does not 
come as easily and in such small disciplinary 
packages as it once did. Modern agricultural 
research tends to be mission-oriented and 

idiscinli —involving the commitment 
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between ERS and ARS.’ In fact, with the ex- 
ception of some ad hoc groups that meet 
spceradically, there is no coodinating mecha- 
nism for planning and conducting multidisci- 
plinary research between ERS and ARS. 
There may be more opportunities for disci- 
plinary blending at the land grant universities. 
Certainly one would expect the SAES to try to 
encourage it. But on the other hand, the 
disciplinary walls established in graduate pro- 
grams, where much of the research is done, 
can mitigate against the needed blending, and 
the research problems may be bigger than can 
be handled by the usual Ph.D. program. Thus 
it may be, as Paarlberg has suggested, that 


land grant universities have not organized 


themselves to combine well in a modern set- 
ting the two functions of developing agricul- 
tura. economists and discovering new knowl- 
edge. 

To obtain increased federal support in the 
future, something more may be required than 
the greater lobbying effort of the past. Coordi- 
naticn of research among the scientific disci- 
plines needs increased attention. 


Research Priorities Determination 


At present there is no continuous long-term 
systematic planning process for food and ag- 
ricultural research. Decisions are made on an 
ad hoc basis with very little coordination 
among the USDA, SAES, and other federal 
and ronfederal agencies conducting food and 
agricultural research. 

Systematic determination of research priori- 
ties is important. Some research needs must 
be given higher priority than others. Requests 
for across-the-board increases for each scien- 
tific discipline will not be convincing to the 
appropriations committees. In fact, such re- 
quests have disillusioned them in the past. 
Such zequests appear as more of a defense of 
the research bureaucracy than an earnest ef 
fort ta solve the most important food and ag- 
ricultural problems. 

Many planning efforts exist, but none ac- 
dress the total spectrum of agricultural re- 
search as a unit. For example, the USDA and 
the land grant universities, under the auspices 
of ARPAC, had a system of regional and na- 
tional research planning committees to iden- 
tify needs in all areas of food and agriculture. 


3 ERS does include some research in tke other social sciences 
(particularly rural sociology) and in history, but not a great deal 
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However, the classification system used did 
not delineate the economics problems per se 
and, consequently, it is not possible to com- 
pare planned research with research needs for 
economis. Further, there has been no im- 
provement in interfacing economics research 
with the total agricultural research planning of 
the Joint Council. | 

Congress established the Joint Council on 
Food and Agricultural Science and the Na- 
tional Azricultural Research and Extension 
Users Advisory Board to aid in coordination 
and priority setting. These groups have strug- 
gled with their assignments. The Joint Council 
has had difficulty organizing for its respon- 
sibilities, and the impact of the Users Advi- 
sory Board is unclear. Neither of these organi- 
zations has the capability to conduct a long- 
range systematic study of research priorities 
that invclves scientists, research adminis- 
trators, users, and consumers. 

Involvement of the above participants is 
critical to the establishment of priorities. Sci- 
entists and research administrators are needed 
for the obvious reason that they have the ex- 
pertise and are the performers of the research. 
The users of the research are needed because 
they have specific problems that need to be 
addressed by research. Consumers and other 
groups, suzh as labor, are an important aspect 
because they zre affected by the research. 
Their voices have not been heard in the past 
and they aave legitimate research concerns 
that the research community needs to address. 

Long-term research planning can be accom- 
3lished by an intensive, comprehensive study 
nvolving tne above participants. Such a study 
zould invo ve the use of methodologies such 
as those pioneered by the National Academy 
of Sciences World Food and Nutrition study 
for priority determination. It might be updated 
every four years with a final report delivery 
date of 1 December of the year of each presi- 
cential e ection. 

Priorities established in the long-range study 
could serve as the basis for authorization and 
tudget hzazings with the Congress and give 
direction to the total research effort. 

Similarly. in the agricultural economics pro- 
fession there have been little, if any, collective 
and systemétic identification and prioritization 
of importan: problems. Individual researchers 
ала individual research organizations give at- 
tention to emerging issues and to research that 
will be needed to address them. But there is no 
srstematic process to coordinate these efforts 


Phillips and Dalrymple 


among institutions and individual researchers 
nor to see how much agreement or disagree- 
ment there is on what should be the future 
research agenda. 

Agricultural economists evidently have 
never developed a process for problem iden- 
tification in agricultural economics research. 
Agricultural economists should seriously con- 
sider initiating a major effort to identify emerg- 
ing issues and economic research needs. Some 
proposed initiatives have been discussed, but 
they need to be given much more considera- 
tion. 


Some Implications for Agricultural Economists 


In the course of the OTA study, we gained 
some impressions about the role of agricul- 
tural economists in the broader arena of ag- 
ricultural research. They might be considered 
hypotheses which require further discussion 
and testing. 

The first overriding impression, already 
noted, is the need for much more research on 
the impacts of agricultural research by the pro- 
fession. Curiously, the field did not originate 
in USDA or in the land grant colleges, but 
rather at a private city university, the Univer- 
sity of Chicago. And most of the early prac- 
titioners were either former Chicago students 
who found positions at land grant colleges or 
students of former Chicago students. The field 
has grown some in recent years, but outside of 
a couple of universities it is principally com- 
posed of a few scattered individuals. ERS is 
still doing virtually nothing directly in the area 
(although it helps generate some of the data 
needed for such analyses). It is vital that more 
effort and resources be devoted to this line of 
work if we are to better understend and mea- 
sure the contributions of agricultural research. 

A second impression is that agricultural 
economists have been too insular; they are too 
isolated from the rest of the agricultural re- 
search community. We must note immediately 
that there are numerous individuzl exceptions. 
But, as a whole, it appears that many members 
of the profession do not have close ties with 
Scientists outside their departments. We sug- 
gest that agricultural economists need to work 
closely with other social scierces and the 
humanities and with the biological sciences. 
We hear of interdisciplinary work, but we do 
not see much of it. 

Agricultural economists, along with a rela- 
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tively few rural sociologists, are virtually the 
only social scientists normally to be found 
within the public agricultural research struc- 
ture. The other social sciences have significant 
contributions to make: we have in mind an- 
thropology, geography, history, philosophy, 
and political science. Yet no agricultural col- 
lege has a significant commitment to these sub- 
jects: at most, there may be one or two per- 
sons in these fields elsewhere in the university 
with an interest in agriculture.* They seldom 
receive any funding from the agricultural ex- 
periment station. 

This situation probably reflects a lack of 
understanding about the potential contribu- 
tions of these disciplines to agriculture and 
concern with possible legislative reaction on 
the part of research administrators. But even 
agricultural economists, who might be ex- 
pected to be somewhat broader in their out- 
look toward other social sciences, have not 
appeared to be forthcoming. There seems to 
be little or no effort to build a more broadly 
based and integrated rural social science. 

The agricultural economics profession as a 
whole, in general, also appears to have surpris- 
ingly limited links with the biological and 
physical sciences related to agriculture. This 
may be seen in the relatively limited inter- 
change between agricultural economists and 
agricultural scientists at land grant universities 
and within USDA (ERS is particularly guilty). 
Agricultural economists seldom draw on bio- 
logical scientists for insights or work closely 
with them in structuring their work. 

One would expect a fair amount of agricul- 
ture in agricultural economics. This seems to 
become less so over time. Knowledge of ag- 
riculture and agricultural science almost ap- 
pears to be of decreasing importance in the 
profession. At one time there was not very 
much economics in agricultural economics; 
now there is often relatively little agriculture. 
As we have become purer economists as a 
profession, we also stand in danger of becom- 
ing less useful to agriculture. 

In generalizing about the relative scientific 
isolation of many agricultural economists, we 
must acknowledge that there are numerous 
individual exceptions. Groups are more 
difficult to identify. One group has done ex- 
ceptionally well—the agricultural economists 


4 The Food Research Institute at Stanford, a private institution, 
has long found a place for demographers and geographers among 
its economists. On the other hand, it has no biological scientists. 
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at several of the international agricultural re- 
search centers sponsored by the Consultative 
Group on Interrational Agricultural Research. 

These institutions are primarily biological 
research organizations. Economists were 
added gradually and gingerly. The economist 
was initially alone, or virtually so, in a sea of 
biclogists. He had to talk with them and work 
with them. The center director was primarily 
interested in what the economist contributed 
to the directior and conduct of the overall 
research program. The economist had to adapt 
to a new and rather strange world. And to the 
surprise of many, he did. More economists 
were added and their influence has grown. 
And some have had their work recognized in 
the form of awards from this association. 

Moreover, some of the centers have recog- 
nized the importance of other social sciences 
anc have gradually begun to add other social 
scientists, particulary anthropologists. One 
center has renamed its broadened economics 
unit the Social Science Department.5 

One of the main themes of the international 
section of the overal! OTA report is that the 
Un:ted States hes much that it will be able to 
learn from the expanding program of agricul- 
tural research elsewhere in the world. This 
mav also be true of agricultural economics. 


Concluding Remarks 


There is concern in Congress that all is not 
wel. in the food and agricultural research 
sector. This concern resulted in a request by 
the Congress for the Office of Technology As- 
sessment to conduct an in-depth study. Many 
of the study’s findings have implications for 
agricultural economists. Generally there is a 


5 Of course, not all the needed research in the international 
agricultural research sys:em can be done at individual biologically 
oriented centers. Policy research requires a broader perspective 
and is carried out in a separate International Food Policy Research 
Institute in Washington, D.C., headed by John Mellor. This group 
is predominantly composed of economists. 
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need for more research on research and devel- 
opment of methodologies for measuring priori- 
ties. There is a need for delineating the roles of 
the university departments of agricultural 
economics and that of the Economic Research 
Service. There is also a need for greater in- 
volvement between agricultural economists 
and other social and biological scientists in the 
agricultural experiment stations and in USDA. 
Agricultural economists need to work together 
in a systematic manner on what the research 
priorities are for economic research and de- 
velop a mechanism to follow through on the 
identified priorities. 

AAEA provides an excellent forum to dis- 
cuss these issues. In particular, the AAEA 
could organize a session at a future meeting 
that would fccus on future food and agricul- 
tural problems, the agricultural economics re- 
search needed to provide solutions to these 
problems, and the roles o£ the research partic- 
ipants. These are important concerns, particu- 
larly in times of low-level funding for research. 
Decisions in these areas will be made. Agricul- 
tural economists need to decide whether they 
want to be a part of tbe decision-making pro- 
cess. 
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Research and the Family Farm: 
Implications for Agricultural Economics 


Research 


Lee M. Day 


During the last half of the Carter administra- 
tion, then Secretary of Agriculture Bergland 
was reasonably successful in bringing con- 
cerns about the structure of agriculture to 
center stage. The 1980 election appears to 
have lowered the place of structural concerns 
on the near-term policy agenda. But structural 
issues have been around a long time and can 
be expected to remain a concern of policy 
makers. 

This paper deals with only a part of the total 
set of structural issues, that part dealing with 
the concentration of production on larger 
farms. In the spring of 1980, the Experiment 
Station Committee on Policy (ESCOP), con- 
scious of allegations that too much of the re- 
search in the state agricultural experiment sta- 
tions was of a type that was most applicable to 
large farms, sought a perspective on how the 
current structure of farming had evolved and 
an assessment of the role of the state agricul- 
tural experiment stations in bringing about 
changes in the structure of farming. ESCOP 
turned to a task force to develop these 
perspectives (Experiment Station Committee 
on Policy). 

Chronologically speaking, the first activity 
of the task force was to attempt to determine 
the nature of research in the agricultural ex- 
periment station system with respect to possi- 
ble contributions to the changing structure of 
farming. A 10% random sample of agricultural 
experiment station projects in the CRIS sys- 
tem was drawn. Fiscal year 1979 funded proj- 
ects in both 1862 and 1890 institutions were 
included. Specifically excluded from that pop- 
ulation were research projects conducted by 
SEA/AR, Economics Statistics Cooperatives 
Service, U.S. Department of Agriculture, and 
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the research conducted by forestry and veteri- 
nary schools in the states. Directors of the 
originating stations were asked to classify 
their sample projects into one of five major 
categories related to agricultural production, 
processing and marketing, family living, 
community, and other. 

For the first two major categories, the direc- 
tors were asked to allocate the scientific year 
(SY) effort on the research projects among six 
subcategories: (a) basic research, (b) primar- 
ily useful to public bodies (e.g., agencies of 
federal or state governments), (c) oriented to 
small farms, (d) oriented to moderate-sized 
farms, (e) oriented to large farms, and (f) re- 
search equally applicable to all sizes of farms. 

The definitions of small-, moderate-, and 
large-sized farms are, of course, arbitrary. We 
chose the gross sales measure in the belief that 
it is the best single measure available. Admit- 
tedly, such a measure is influenced by infla- 
tion. Also, such a measure treats different 
types of farms unequally. Contrast, for exam- 
ple, a cash-grain farm and a feed-lot operation 
where a major proportion of the latter's gross 
sales is represented by the purchase of feeder 
steers. The definition of small farms, under 
$20,000 of gross sales, was based on con- 
gressional action (the Rural Development Act 
of 1972, as amended). The upper limit of the 
moderate-sized farm at under $100,000 was 
based on the belief that most of the economies 
of size have been captured by farms of that 
size or smaller. All farms with sales of more 
than $100,000 were considered large farms. 

The classification of research is by no means 
an exact science, but with the usual caveats 
about sampling errors and errors in judgment, 
it appeared safe to conclude that the produc- 
tion and marketing research of the agricultural 
experiment stations was not slanted toward 
the large farms. For example, production re- 
search represents nearly three-fourths of the 
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experiment station effort. Of that production 
research directly related to some aspect of 
farming, nearly 78% was judged to be applica- 
ble to all sizes of farms; more than 10% was 
considered primarily useful to small farms, 
about 7% primarily useful to moderate-sized 
farms, and 5% applicable only to large farms. 
This is not to say that experiment station re- 
search is not making or has not made contribu- 
tions to the changing structure of farming. The 
classification refers to the nature of the krowl- 
edge created, but it says nothing about the 
economic environment in which the knov/l- 
edge is put to use. The task force adopted the 
treadmill and absorption or cannibalistic pro- 
cesses developed by Cochrane. 

The task force concluded that even though 
the research effort may be characterized as 
producing knowledge applicable to all sizes of 
farms, the interaction of that knowledge with 
the economic environment results in a sig- 
nificant contribution by the experiment sta- 
tions to a growing concentration of production 
on the larger-sized farms. 

Whether the continuing trend toward con- 
centration of production is perceived favor- 
ably or unfavorably will be decided in a larger 
arena than that of the American Agricultural 
Economics Association. But members of the 
profession do have a magnificent opportunity 
to help the public understand the issues in- 
volved by (a) making the current structure and 
changes in structure more understandable, 
(b) showing how tax and other policies de- 
signed for other purposes influence the con- 
centration of agricultural production, and (c) 
investigating alternative ways of slowing down 
(or speeding up) the trend toward concentra- 
tion. 

The manner in which individuals and groups 
react to the concentration of agricultural pro- 
duczion depends to a considerable extent on 
the relative weights they attach to different, 
sometimes overlapping, sometimes conflicting 
goals. Some widely held goals with respect to 
agricultural production are: 

(a) Efficiency—an efficient agriculture pro- 
ducing an abundant food supply for domestic 
needs, reducing food shortages around the 
wor.d and gaining foreign exchange earnings 
to purchase energy and other critical re- 
sources from abroad. 

(b) Conservation—the availability of the 
quantity and quality of resources so that future 
generations can have an abundant food sup- 
ply. This goal includes concerns about soil 
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losses, farm land preservation, and depletion 
of enerzy resources. 

(c) Етрісутепї opportunities—the avail- 
ability of opportunities to work as a farm 
operator or laborer. This goal emphasizes the 
virtues of rural living, of ''being your own 
boss," of the prospects of progressing from 
laborer to operator. 

(d) Equity—the distribution of income 
within cgriculture, and between farmers and 
nonfarmers. This goal expresses concern for 
low income consumers, for low income farm- 
ers, for reasonably equal returns for equal ef- 
fort in zlternative endeavors. 

Individuals and groups who place a high 
relative weigat on a particular goal may view 
the concentration of production quite differ- 
ently from those who place a high relative 
weight cn other goals. If agricultural econom- 
ics resezrch is to be useful in policy decisions 
regarding the concentration of agricultural 
production, it should illuminate the effects of 
alternative policy actions on these widely held 
goals. 

Earie- stucies of economies of size suggest 
that over a considerable range, size can be 
expanded at essentially constant costs. Farms 
larger than the minimum necessary to achieve 
those economies reduce employment oppor- 
tunities “for potential farm operators as well 
as wage labor) with little offsetting gains to 
society in terms of lower food prices. A large 
variety cf policies and programs intended for 
other purposes may encourage further expan- 
sion of s_ze of farm beyond that necessary to 
gain efficiency and again reduce employment 
opportunities with little offsetting gains to so- 
ciety in terms of lower food prices. In a full 
emplovment economy, however, there may be 
gains from increased production of nonagricul- 
tural goods. 

Changes in the structure of farming influ- 
ence the structure of the assembly and pro- 
cessing system, and, conversely, changes in 
the market structure influence the access to 
markets of both inputs and outputs. The mar- 
ket access prcblem is further exaggerated to 
the extent tha: small farms produce different 
commeodi-ies taan those to which the market- 
ing system in the region is geared. Roadside 
markets, farmers markets and pick-your-own 
operations increase market access for a lim- 
ited number of small- and moderate-sized 
farms. How сап market access for small- and 
moderate-sized farms be improved? 

Historically, changes in the concentration of 
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production on larger farms have influenced the 
nature of the rural community, i.e., decreased 
employment and wages in the local service 
sector. But in an era of vastly improved trans- 
portation and communication, it appears that 
changes in the structure of farming may also 
influence the development of the basic or “ех- 
рог” sector of the rural community. Agricul- 
turists are fully aware that the rature of the 
rural community also influences the structure 
of farming in the surrounding area. Growth of 
the rural community not only converts agricul- 
tural land to residential uses, but also in- 
creases the possibilities for families to com- 
bine farm and nonfarm work in small and 
part-time farming operations. 

This paper will not attempt 1o probe all 
the research opportunities associated with 
changes in the structure of farming. Instead it 
will concentrate on the study of economies of 
size in farming and on agriculture and commu- 
nity relationships. 


Economies of Size 


There are more reasons to study economies of 
size than to insure full employment for pro- 
duction economists. Many public policies are 
not specifically designed to change the struc- 
ture of farming. Yet these policies may have 
indirect effects on that structure. If the indi- 
rect effects are conditioned by the economies 
gained by larger-sized farms, then we need to 
know the magnitude of these economies in 
order to gain some understanding of the indi- 
rect effects of such policies on the concentra- 
tion of production. 

For example, a price support program for 
corn in the first instance would increase the 
income of all corn producers in proportion to 
the amount of corn produced. If all incomes 
are increased proportionately there would be 
no initial effect on concentration. But if sub- 
stantial economies of size exist, the higher 
absolute level of profits per unit of output, 
combined with the higher level of output for 
larger farms, will provide them both increased 
incentive and ability to further expand the size 
of farm. 

Admittedly, the translation of that increased 
incentive and ability into actual increases in 
size of farms may be dependent on many fac- 
tors such as tax policies, credit policies, the 
operator's willingness to assume risk, and the 
subjective evaluation of opporturity costs for 
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the operator's family labor as well as the op- 
portunity costs for equitv in the business. Be- 
cause many of these factors are themselves 
the subject of inquiry, e.g., tax policies, and 
others cannot be known by the analyst, analy- 
sis of the effects of various policies will con- 
tinue to be of a budgeted or theoretical nature. 
But economies-of-size studies should provide 
essential building blocks for the conduct of 
such analyses. 


Technical Economies 


Many of the technical economies-of-size stud- 
ies are outdated by reason of changes in tech- 
nology as well as by reason of changes in 
prices paid and received. Studies of technical 
economies varied considerably in their defini- 
tion of costs (Madden). At one end of the 
spectrum only cash costs are considered in the 
long-run average cost curve, and returns to 
land, labor, equity and management were 
treated as residual claimants; while at the 
other end of the spectrum, imputed costs were 
assigned to land, labor, equity, and manage- 
ment, with the risk-bearing factor the only re- 
sidual claimant. The difficulties are twofold: 
(a) definition of costs may affect not only the 
level of the economies-of-size curve, but also 
the relative efficiency of small versus large 
farms, and (b) the interest in structure of farm- 
ing suggests several alternative definitions of 
costs. For example, interest in the survival of 
small farms suggests the use of cash costs, 
particularly in areas where the availability of 
off-farm work is such as to provide the neces- 
sary family living expenses. Other interests, 
such as the size of farm necessary to provide 
returns to labor comparable to that in other 
industries, require the imputation of an oppor- 
tunity cost on operator and family labor. Thus, 
we need not just a single economies-of-size 
curve for each type of farm, but rather a family 
of long-run cost curves reflecting different cost 
concepts (Miller, Rodewald, McElroy). 
Miller, Rodewald, and McElroy, in a study 
of economies of size for field crop farms in 
seven regions, not only provide current esti- 
mates of economies of size, but also provide 
estimates of a family of cost curves represent- 
ing different definitions of costs. Certainly the 
higher level of technology used combined with 
higher price levels have moved all long-run 
cost curves to the right, but the conclusion of 
the 1960s regarding a large range of nearly 
constant costs appears unchallenged. 
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While there was some variability in the 
shape and level of the economies-of-size 
curves among regions, a look at the average of 
cost curves for all regions may be useful. As 
size increased from $59,000 to $133,000 (an 
increase of 125% in sales), the cost per dollar 
of sales decreased Z.4g, from 63g to 60.6z. 
Thus, within this range the industry appears to 
approach a constant cost industry. Farmers in 
search of higher net farm incomes may wish io 
expand the size of their operation, but societal 
gains in terms of efficiency of production are 
minimal. The inclusion of an opportunity cost 
per operator ard family labor at $4.50 per 
hour, while increasing the level of cost, does 
not substantially alter the above conclusion. 

There is also a need to estimate economies 
of size on livestock farms of various types as 
well as on mixed crop and livestock farms. 
Investigations of economies of size on these 
types of farms represent additional difficulties. 
Performance rates for labor in livestock pro- 
duction related to size of farms and technology 
uses are more difficult to come by, especially 
for the larger industrialized operations. Fur- 
ther, the methods used to estimate deprecia- 
tion of buildings may have greater influence on 
the shape and level cf the cost curves then in 
the case of crop farms. 


Pecuniary Economies 


Pecuniary economies or diseconomies are 
exemplified by volume discounts on the pur- 
chase of agricultural supplies and by volume 
premiums on the sale of agricultural outputs. 
But in some inszances they may be regulated 
by Zederal or state governments. For example, 
small farms are exempted from unemployment 
insurance programs but larger farms .must 
comply, representing a pecuniary diseconomy 
for larger farms. Other examples are environ- 
meatal regulations as well as safety and health 
regulations. The literature on comprehensive 
studies of pecuniary economies and disecon- 
omies is limited. Krause and Kyle surveyed 
forty-eight producers and a like number of 
input-output marketing farms to give some in- 
dication of major sources of economies and 
diseconomies on large corn farms in the Mid- 
west. Purchasing seed, fertilizer, crop chemi- 
cals, and machinerv, as well as output- 
marketing advantages were major sources of 
eccnomies for large farms. In contrast, pro- 
duction labor was a significant diseconomv for 
larger farms. Presumably, this reflects a dif- 
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ference in the quality of labor. Larger farm 
units may very well require more experienced 
or more dependable labor to use sophisticated 
equipment. One way to reflect this in the 
LRAC curve is a pecuniary diseconomy. Spe- 
cial attention needs to be given to pecuniary 
economies and diseconomies because they 
may overshadow technical economies over а 
wide range of output. The difficult task will be 
to distinguish between pecuniary economies 
and bargaining power. 


Tax Economies and Diseconomies 


Dean and Carter, in a landmark study, have 
shown that progressive income taxes, when 
economic costs exceed deductible costs, re- 
duce the optimal level of output. Because 
equity is usually greater ihan zero, the inclu- 
sion of an opportunity cost on equitv, which is 
not deductible, reduces the optimal level of 
output. Likewise, they have shown that the 
higher the percentage of equity, the greater the 
imputed opportunity cost and the greater the 
reduction in optimal output. Thus, ignoring 
risk as а deterrent, expansion of the size of 
farm using borrowed capital was an attractive 
alternative. Using data from the Dean-Carter 
study, Carman has shown that increases in tax 
rates reduce optimal farm size and, con- 
versely, that reduction in the rates increases 
optimal farm size. Thus the current debate in 
the Congress on tax reductions may have sig- 
nificant impacts on the concentration of ag- 
riculttral production. 

Dean and Carter also investigated the im- 
pact of taxes on the form of organization. 
Again, the approach was to show the after-tax 
economies of size for individual proprietor- 
ships and for family-owned corporations. Not 
surprisingly, the lower tax rates for corpora- 
tions relative to the high tax rates for individ- 
uals in the higher income levels encouraged 
shifts to a corporate form of business organi- 
zation on larger farms. Boehlje and Krause 
have zlso shown the advantages of incorpora- 
tion from the perspective of growth in equity. 
Recent and prospective changes in the corpo- 
rate tax rates are likely to increase the interest 
in incorporation, particularly among larger 
farms. But for now at least, the individual 
proprietorship remains the dominant form of 
organization. 

Yet the real-world estimation of the effects 
of alternative tax provisions from that of other 
factors may not be possible. The imputation of 
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opportunity costs for operator and family 
labor and for operator capital is a subjective 
personal judgment not available tc the analyst. 
Further, in inflationary periods it is the real 
opportunity cost of capital (not the nominal 
interest rate) which is relevant. Thus, the ap- 
propriate opportunity cost of capital is depen- 
dent upon the operator’s expectations of fu- 
ture inflation rates relative to nominal rates. If 
real interest rates are expected to be quite low, 
then the imputation of opportunity costs for 
‘capital would be small and the recuction in the 
optimum size would be reduced. Thus, the 
effects of tax provisions on the concentration 
of production require data on operator judg- 
ments, motivations, and expectations—data 
which cannot be known by the analyst. Infor- 
mation on the effects of changes in tax policies 
will continue to be theoretical in nature. This 
may be humbling, but it should not detract 
from the utility to policy makers of informa- 
tion similar to that developed by Dean and 
Carter, or that using a simulation approach 
similar to that used by Eginton. In either case, 
the objectives are specific, e.g., maximizing 
growth in net worth or maximizing profit. 
Likewise, the assumptions regarding the real 
interest rates, the returns to operator and 
family labor, the technical input-output co- 
efficients, the pecuniary economies and dis- 
economies are all specified. Thus, the factors 
deemed relevant by the analyst are clearly 
specified and all other factors are held con- 
stant, allowing the analyst to project the ef- 
fects of alternative tax provisions on growth 
(Eginton) or optimal size of farm (Dean and 
Carter), One may question the realism of the 
assumptions, but the assumptioas are clearly 
stated. The essence of the art is to choose a set 
of assumptions that are most likely to be con- 
sidered realistic or to demonstrate the effects 
of alternative assumptions on the results. 


Agriculture and the Community 
Concerns about the concentration of agricul- 


tural production inevitably heigaten concerns 
about the effects of concentration of produc- 
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cern had an important bearing on passage of 
the Rural Development Act of 1972. 

Goldschmidt had studied in 1944 two ag- 
riculturally dependent communities in Cali- 
fornia. Arvin was characterized as a large- 
farm community and. Dinuba as a small-farm 
community. ‘Тһе Study of Arvin and Dinuba 
shows that quality of social conditions is asso- 
ciated with scale of [farm] operations; that 
farm size is an important causal factor in the 
creation of such differences and that it is rea- 
sonable to believe that farm size is the most 
important cause of these differences" (Gold- 
schmidt, p. 423). 

The methodology used involved compara- 
tive case studies. The total agricultural pro- 
duction in the two communities was nearly 
identical. Very similar crops were grown, al- 
though Dinuba (the small-farm community) 
tended to specialize in fruit, while Arvin 
tended to specialize in vegetables and cotton. 
The two communities were located similarly 
with respect to highways, railroads, and cities. 

The results of the study indicated that the 
small-farm community supported nearly twice 
as many business establishments, 61% higher 
retail trade and spent over three times as much 
as the large-farm community on household 
supplies and building equipment. Further, the 
small-farm community supported a larger 
number of people and the standard of living in 
the community was higher (better community 
facilities, more parks, more civic organiza- 
tions, and more churches). Parenthetically, 
while the data from Dinuba and Arvin were 
not analyzed from the viewpoint of cen- 
tral place theory, there is some evidence 
(Goldschmidt, p. 386) to support the idea that 
Dinuba was a higher-order central place. If in 
fact Dinuba was a higher-order central place 
and it can be shown that the attractiveness of a 
community to the expansion of nonfarm ex- 
port industries is related to its place in the 
hierarchy of communities, then some serious 
questions are raised about the Goldschmidt 
generalizations. 
~ In the Goldschmidt study, the direction of 
causation is from large farms to reduced non- 
farm employment and income without consid- 
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of the social condition (however measured) 
are far too complex to be attributed to a single 
fac-or such as farm size. 

Heady and Sonka analyzed the effects of a 
number of farm-size alternatives on farm 
prices, net farm income, food costs, and non- 
farm income generated in rural communities. 
They concluded that the small-farm alterna- 
tive would indeed- lead to greater income gen- 
eration in rural communities and at a relatively 
modest cost to the consumer in terms of higher 
food costs. The income to operators of these 
small farms, however, would be at poverty 
levels. The methodology used involved a na- 
tioral linear programming model, a transpcrta- 
tion sub model and an input-output sub model. 

It seems self-evident that increases in the 
size of farm, accompanied by off-farm migra- 
tion and by different shopping patterns of 
large-scale producers, will result initially in 
reduced employment opportunities, wages, 
and rents in the nonfarm local service sectors 
of some communities. The question arises, 
under what conditions is this a transitory or 
permanent condition? The answer to that 
question depends on changes in other basic 
(export) sectors in the community. From this 
initial condition, three alternative hypotheses 
are suggested: (a) lower wages, higher unem- 
ployment, and lower rents are insufficient to 
attrect nonfarming basic industries into the 
community and people and businesses migrate 
to more urbanized areas resulting in a perma- 
nent depression of the level of economic activ- 
ity in the rural community; (b) lower wages, 
higher unemployment, and lower rents are 
sufficiently attractive to nonfarming basic in- 
dustries so that they migrate to rural com- 
mun:ties, increasing employment, and causing 
wages and rents in the community to increase; 
and (c) lower wages and higher unemployment 
are insufficient to attract other industries into 
the community, but the aggregation of these 
conditions in the community and surrounding 
communities is sufficient to attract other basic 
industries to locate in one or more of the sur- 
rounding communities, so that they can draw 
on the excess labor supply of the overall area. 
The local communities which attract other in- 
dustries are the beneficiaries of increased em- 
ployment and income, while other com- 
munities become essentially bedroom com- 
munities with nonfarm employment limited to 
a few services. Certainly these appear to be 
relevant hypotheses, both from the standpoint 
of theory, and from casual observation of the 
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equilibrating processes now taking place in 
rural areas. 

The key to empirical testing of these hy- 
pothesized effects of farm size on rural com- 
munities is the definition of rural community. 
The definition is important from several view- 
points including: (a) the number of observa- 
tions available for statistical analysis, (5) the 
availability of appropriate data sets, and (c) 
the delineation of community settings in which 
the alternative hypotheses might be operable. 
The latter is especially important because the 
expansion of ап existing export or basic indus- 
try or the attraction of a new basic industry 
can be expected to be conditioned by the vari- 
ety and level of services available in the com- 
munity. 

Historically, communitv studies have been 
more the purview of rural sociologists than 
agricultural economists. Sociologists think of 
a hierarcay of communities differentiated by 
the variety of institutions and social organiza- 
tions. In this respect, the concepts of the rural 
sociologists and the agricultural economists 
(particularly those dealing with regional eco- 
nomics), appear to have some common 
ground. Central place theory describes the 
role of the central place (the variety and level 
of service industries) relative to the satellite 
places that surround it. Ignoring for the mo- 
ment a hierarchy of central places, it is possi- 
ble to generate some ideas about the testing of 
the alternative hypotheses suggested earlier. If 
we chose a satellite town and its hinterlands as 
our definition of community, then it would 
appear that the first alternative hypothesis of a 
permanently depressed level of economic ac- 
tivity in the community seems most likely. If, 
on the other hand, we choose the central place 
and its surrounding hinterlands as our defini- 
tion of community, the second alternative ap- 
pears to te a more likely candidate. 

Next if we recognize the existence of a 
hierarchy of central places in rural areas, an 
index of -urality, then the third alternative 
(lower wages and higher unemployment are 
sufficient to attract other industries by the 
commuting process) appears to be a likely 
candidate. 

High levels cf aggregation over geographic 
space, e.g., staze or multi-county regions, are 
not likely to allow the analyst to detect differ- 
ences in employment changes attributable to 
differences in the hierarchical level of the cen- 
tral place. Further, definitions of community 
based on central place theory are not likely to 


Day 


respect county lines. Federal data sets are 
largely county based, but state data sets in 
some instances provide information at a sub- 
county level. The Duns Market Indicator file 
does provide information at a sub-county 
level. Thus, these lower levels of aggregation 
based on a hierarchical scheme of central 
places can be expected to provide an adequate 
number of observations but at the expense of 
constraints on the data sets available for anal- 
ysis. 

Analyzing changes in the basic employment 
involves other decisions on the level of dis- 
aggregation. For example, some industries 
may locate near cheap labor (e.g., textiles), 
others may locate near intermediate inputs 
(e.g., food processing), and others may locate 
near important natural resources (e.g., steel). 
This implies that differences in the input mix 
are significant. Still other industries locate 
near markets. Statistical analysis, aggregating 
across all such industries, is likely to be incon- 
clusive. 

Further, since many of the inputs for a par- 
ticular industry will come from some distance 
from the community, conceptualization of the 
supply of inputs must have a spatial compo- 
nent (e.g., the labor supply should include not 
only that labor available in the local region, 
but also that available from the surrounding 
areas). Further, a conceptualization of the 
supply of an input should reflect the demand of 
other users of that input. Likewise, concep- 
tualizing the demand for outputs for a particu- 
lar firm must reflect the supplies of the output 
produced by competing firms. Finally, the 
supply of particular inputs and the demand for 
specific outputs is unique to specific indus- 
tries. All of this suggests that the analysis must 
be at a detailed level—disaggregeted with re- 
spect to geographic space and with respect to 
industry. 

An analysis of the effects on rural com- 
munities of a large-farm structure utilizing a 
concept of the degree of rurality and a more 
general framework (analyzing the kinds of in- 
dustries likely to be attracted to different kinds 
of rural communities) will require a consider- 
able commitment of resources. Thus, the 
question arises, does such an effort have real 
policy relevance, or is it only an example of 
intellectual nitpicking? The current adminis- 
tration has thus far been silent about rural 
development policy. Yet it appears that the 
concentration of production on larger farms 
will continue and the effects on rural com- 
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munities will continue. It seems inevitable that 
this kind of research will again become high 
priority. In order to be ready with results 
when that time comes, the profession should 
make an investment in this kind of research 
activity. 

No discussion of agriculture and the com- 
munity would be complete without consider- 
ation of the effects of the community on 
agriculture—specifically the effects of growing 
communities on agriculture. Land use policy 
is the central issue. Yet the profession has not 
been able to suggest policies that meet the 
tests of effectiveness and economic and politi- 
cal feasibility. Perhaps we should turn our 
attention to investigation of incentive pro- 
grams—incentives for businesses and resi- 
dences to locate within the boundaries of small 
cities and towns rather than in the open coun- 
tryside; and if they stil] choose to locate in the > 
open country, incentives to locate on the less 
desirable agricultural land. 


Summary 


The continued trend toward concentration of 
production on larger-sized farms has many 
important implications for research by agricul- 
tural economists, only a few of which have 
been discussed in this paper. Emphasis was 
placed on studies of the economies of farm 
size, not only because the results facilitate 
the difficult choices between equity and ef- 
ficiency, but also because they provide a ve- 
hicle for analyzing the effects of tax policies 
on farm size. 

Emphasis also was placed on agriculture- 
community relationships, particularly those 
dealing with the influence of changes in the 
structure of farming on rural communities. 
There are reasons to believe that past studies, 
by concentrating on the effects on local service 
sectors, have overemphasized the depressing 
effects on the local economies. Further, the 
research proposed in this area would provide 
much useful knowledge for the guidance of 
national, state, and local development poli- 
cies. 
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U.S. Food and Agricultural Research 


Assessment: 
Economists: 


Joseph C. Purcell 


This paper was based on an assessment of 
food and agricultural research focused on 
three key issues with regard tc food and ag- 
ricultural research: (а) management, (Р) struc- 
ture, and (c) priorities. The assessment was 
prompted by the perception that agricultural 
research is not well-managed. coordination 
and cooperation are poor, and there is not a 
clear understanding of the role of the partici- 
pants in the system. Thus, the assessment was 
commissioned to (a) examine and elucidate 
the role of the participants in food and agricul- 
tural research, (b) develop more efficient 
priority-setting or allocation mechanisms, (c) 
clarify the role of both the federal and state 
governments in food and agricultural research 
support with respect to equity, and (d) de- 
velop a more efficient organization and man- 
agement structure. 

An assessment of the assessment should 
raise the issues of the justification for, and 
how well the assessment fulfilled, its objec- 
tives. Although expenditures for support of 
food and agricultural research are hardly dis- 
cernible on a pie chart of federal expenditures, 
and that allocated to the economics of food 
even less discernible, the Congress should be 
concerned with the most effective use of every 
tax dollar including expenditures for con- 
gressional assessments. Two facts cast doubt 
on the justification of the assessment: (a) the 
food and agricultural sector is a model of 
efficiency and has improved ccnsistently over 
time, and (b) federal support of research is 
extremely small and waning over time. A more 
valid justification for such an assessment 
should have been expressed in terms of a sus- 


Joseph C. Purcell is a professor of agricultural economics, Georgia 
Experiment Station, University of Georgia College of Agriculture, 
and currently serves as associate director of IR-6, National Ag- 
ricultural Research Planning and Analysis. 


Implications for Agricultural 
Discussion 


tained high level of performance of the food 
and agricultüre sector and the role of the fed- 
eral support to assure a continued high level of 
performance, given the constraints on energy 
and other resources and a faltering economy. 
The balance of this discussion is directed to a 
few selected items. 


Impact 


The paper should convey to the U.S. Con- 
gress, and especially those with an urban 
orientation, that continuous and adequate 
funding of agricultural and food research and 
especially economic research is in the national 
interest, and the benefits flow predominantly 
to consumers. Food production is highly spe- 
cialized and moves in interstate commerce and 
increasingly in international commerce. The 
equity issue clearly supports federal funding. 

The paper failed to recognize the impor- 
tance of competitive forces both in the 
agricultural-food sector and in the undergird- 
ing research. The U.S. economy has faltered 
in those areas where competitive forces are 
weak—e.g., autos and steel. A major role of 
the federal government is to establish and 
maintain a competitive economic environ- 
ment, and it clearly follows that the public 
sector is responsible for research. While re- 
search in the private sector is privileged, pub- 
licly supported research is readily accessible 
to all potential users. Publicly supported re- 
search is more efficient in that unnecessary 
duplication can be minimized, and public re- 
search also fosters a competitive environment. 
This is equally true in the marketing sector as 
well as in farm production. The private sec- 
tor's role is to use this flow of knowledge to 
develop patentable products and processes. 
This was not clearly elucidated in the paper. 
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Evolution of the Agricultural-Food Sector 


The evolutionary nature of the food-agri- 
cultura] sector was not fully recógnized in 
the Phillips-Dalrymple paper in terms of allo- 
cation of research funds with respect to value 
created, employment, etc. Initial emphasis of 
the research establishment was on self- 
sufficiency for each state. This was the way it 
should have been, as there was very little 
commerce in foodstuffs. 

Specialization and large-scale production is 
an evolutionary process. Mechanical, chemi- 
cal, and biological technologies contributed to 
the upward trend in efficiency of the food sec- 
tor. What was not so well recognized was that 
a high degree of specialization required the 
simultaneous development of an efficient as- 
sembly, exchange, fabrication, and distritu- 
tion system. In essence, about 8096 of the eco- 
nomic (value-creating) activity associated 
with food is off-farm activity, and at least 5096 
of it is now in urban areas. Although the farm 
remains a vital link, the food system is no 
longer totally farm nor totally rural. Con- 
versely, at least 8096 of the traditional re- 
search program is still concerned with farm 
production activities. In dollars this is not too 
much, but other components are sadly ne- 
glected. The evolutionary nature of specializa- 
tion and exchange requires an increasing em- 
phasis on economic research. A viable food 
sector depends on efficiency in exchange and 
distribution and effective organization and 
management as well as technical efficiency. 
The necessity for simultaneous development 
in specialization in production and exchange 
and distribution was not fully recognized by 
research management nor by Congress. 


Goals and Objectives 


The paper alludes to the failure of the research 
establishment to identify clearly goals and ob- 
jectives. The confusion surrounding goals may 
well be a failure to recognize that the 
agricultural-food sector is a component of the 
larger socioeconomic infrastructure. Thus, 
the implicit and directional goals of the 
greater society apply to all its components. 
Paramount among the greater societal goals is 
that of economic development, or rising 
affluence. Research directed to the efficiency 
of the agricultural food sector has made a 
major contribution to this goal and will cor- 
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tinue to do so indefinitely. I do not concur that 
any absolute goal of affluence can be estab- 
lished. This and the short shrift of other 
societal goals is a major weakness of the pa- 
per. Reference to the ‘‘man-on-the-moon’”’ 
and "auto mileage” as goals are purely transi- 
tory and mundane in character. 


Economic and Other Social Research 


The econcmics profession is to be faulted for 
failure to elucidate clearly the contributions of 
economic research to the food system. Orga- 
nization and management are certainly vital to 
an efficiert and viable food system. Inade- 
quate organization and management are 
reflected п cycles and other evidence of 
over-under production contributing to in- 
efficiencies and misallocation of resources, to 
name a few. However, in the research plan- 
ning and kudgeting processes, these kinds of 
constraints are seldom addressed. The low 
level of feceral support for economic research 
related to food and agriculture was clearly 
elucidated in the Phillips-Dalrymple paper. 
However, the role of federal and state perfor- 
mers wes rather muddled. There is no clear 
delineation of state and local problems as op- 
posed to national and international problems. 
Also, the allegation that economists have 
never developed a process for problem iden- 
tification sanply does not jive with the record. 
For example, a framework for marketing re- 
search with clearly delineated problem areas 
in a matriz format has existed for eighteen 
years (Southern Marketing Research Commit- 
iee). 

Althougt the role of the public sector and 
the private sector in PHT and marketing re- 
search was a key issue in the OTA assess- 
ment, it wes not adequately treated in the pa- 
per. It shold be clearly recognized that the 
potential for resource conservation and cost 
reduction in the post-harvest sector is enor- 
mous. Food science has the potential to re- 
duce land and energy requirements by 60%- 
70%, and adjustments in this direction are in- 
evitable. 


Conclusion 


The OTA zssessment of agricultural-food re- 
search genzrated a lot of verbiage. It was 
well-organized and conducted. However, 
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whether or not the assessment provided any 
real direction to the U.S. Congress and to 
research management with respect to funding, 
priority-setting, role of participants, unneces- 
sary duplication, program balance, and other 
issues is debatable. Some good points were 
made, but the paper did not provide direction 
for the future. Less but well-directed verbiage 
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would perhaps be more effective and produc- 
tive. 
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Research and the Family Farm: 
Implications for Agricultural Economics 


Research: Discussion 


Eldon E. Weeks 


Lee Day has done a courageous job, and as 
good a job as one can reasonably expect, in 
addressing this topic. The subject, inherently, 
is monstrously large; very ill-defined; and is a 
value-loaded, explicitly acknowledged cor- 
nerstone of U.S. farm policy. Day treated the 
subject wisely by addressing himself to a lim- 
ited number of points—whether there is a 
slanting of experiment station research to the 
benefit of large farms, the economies of farm 
size, and agriculture and the community. Day 
said as much as could be said about these 
points within the constraints on the paper. 
Because the discussant believes the above 
statements, this discussion will offer views of 
two additional dimensions that bear on both 
family farms and agricultural economics re- 
search. One of these dimensions consists of 
the consideration of basic definitional proper- 
ties of family farms and a few of their implica- 
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research. The other is an expression of con- 
cern on my part over the apparent neglect, by 
economists, of activities involving the devel- 
opment and selection of advanced new 
biological/technological management systems 
in agriculture. 


The Family Farm 


According to the 1974 Census of Agriculture, 
89.596 of all farms with sales of $2,500 or over 
were operated by individuals or families. 
These farms contain 74.926 of the land in farms 
with sales of $2,500 or over. Partnerships ac- 
counted for 8.6% of the farms and 13.7% of the 
land in farms. Thus, 98.1% of the farms, in- 
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cluding 88.6% of the land in farms with sales of 
$2,500 or over, are operated by unincorpo- 
rated farming institutions with proprietorships 
dominant. 

The Standard Industrial Classification (SIC) 
Manual and the 1974 Census of Agriculture 
define farms as business establishments. With 
reference to the above data, agricultural en- 
terprises are dominated by the operation of 
farms (business sector of the economy) by 
unincorporated households (households and 
institutions sector). Unless a farm is a single- 
establishment business enterprise operated by 
an incorporated operator, it is not a firm. This 
means that, in most instances, financial man- 
agement, investment, and resource use deci- 
sion making cannot be interpreted as self- 
zontained functions within farm business es- 
zablishments. Inputs are committed to farming 
»perations, outputs accrue, and a residual of 
net factor earnings is available for transfer to 
the income accounts of farming institutions, 
98.1% of whom are unincorporated operators. 
Of these, 69% receive income from off-farm 
sources. 

The main impzct of the above reduces to the 
Eroposition that, in the great majority of cases, 
the objectives guiding farm investments and 
activities are thcse of households rather than 
tiose of farm firms. Interpretation of the 
financial vitality of agricultural industry is di- 
rectly dependent on the financial viability of 
the operator and his family, whose objectives 
related to farm investments and operations are 
members of a set of family objectives and aspi- 
rations. Thus, the size of current incomes 
from farm end off-farm sources may not be 
sufficient information to indicate financial 
status and progress, either of agriculture or of 
ferm families, in terms of the combined 
perspectives of financial viability and well- 
being. 

I wonder :f it is not time to reexamine the 
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kinds of definitional assumptions we make in 
modeling farming operations. And I wonder if 
we should again explore and identify relevant 
elements of the expected bottom lines motivat- 
ing farm operator family behavior in relation 
to potential participation in such public poli- 
cies as those concerned with farm production, 
resource conservation, environmental protec- 
tion, food safety, etc. Also, I wonder if we 
cound not stand a catch-up effert in research 
on part-time farming, with emphasis on the 
economic behavior of part-time farm operator 
families. If we were to begin to delve into this 
subject, it is just possible we would discover 
that there is a lot we do not understand about 
that which we think we know. 


Management Systems 


It seems to me that there is an increasing ten- 
dency among agricultural scientists to adopt 
management systems orientations as frame- 
works for the design of tiological/tech- 
nological research and development pro- 
grams. Examples of these are found in inte- 
grated pest management, integrated reproduc- 
tion management, and several more related to 
crop and livestock systems management and 
other areas. 

It would seem that economists and other 
behavioral scientists could be active partici- 
pants in planning the design and delivery of 
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research and development programs in these 
complex management systems areas for as- 
surance that the bottom line objectives of fam- 
ily farm operators are considered. Often we 
see research program (project) goals stated, 
for example, in terms of such intermediate 
stages of impact as yield increase, just as if a 
number of other good things are bound to fol- 
low. We all suspect that circumstances of 
perspective and timing may affect the ‘‘good- 
ness’’ of many of the things that might ulti- 
mately follow. 

Even while the social and behavioral sci- 
ences are presently experiencing а belt- 
tightening era, it is possible that practitioners 
of research in these areas may find it fruitful to 
consider adding to their agendas some ac- 
tivities in needs assessments for research pro- 
grams in the food and agricultural system. It 
may even be fair to propose that farm operator 
families in differing typical situations be con- 
sidered among the major stakeholders in 
evaluating the research program alternatives. 

Above all, it appears to me that farm 
operators are being asked to evaluate more 
and more increasingly complex technological 
and biological systems alternatives. One has 
to wonder how they can evaluate and integrate 
all the relevant practices that are urged upon 
them. Economic researchers could, again, 
commit serious attention to the evaluation of 
new biological/technological information and 
to the selection of management systems from 
the situational perspectives of farm operators. 


Women in Agricuitural Economics 


(Sylvia Lane, University of California, Davis, Presiding) 


The Conduct of the Survey on the 
Opportunities for and Status of Women in 
Agricultural Economics 


Ardelle A. Lundeen and Annette L. Clauson 


At its July 1980 meeting, the Executive Board 
of the American Agricultural Economics As- 
sociztion authorized formation of an ad hoc 
committee to investigate systematically the 
status, role, and opportunities for women in 
agricultural economics. A survey of females 
and males in the profession, including but not 
limited to members of AAEA, was underta- 
ken. Because ofthe small number of women in 
agricultural economics (e.g., membership lists 
indicate that women comprise less than 5% of 
the AAEA), all vomen who could be iden- 
tified in agricultural economics or related 
specialties were included in the survey. A 
sample of the much larger population of male 
economists was selected. 


Questionnaire Development 


The questionnaire was based on a similar de- 
sign used by the Committee on the Status of 
Women in the Economics Profession 
(CSWEP) in 1974. Communications revealed 
that several items in the CSWEP 1974 survey 
were insignificant and therefore were left out 
of this survey. This survey was designed to 
make comparisons between male and female 
respoadents, as well as to develop profiles in 
agricultural economics. The questionnaire was 
divided into five major parts. 

Par: 1 deals with the education and training 
of the respondents. This part covers when and 
why tae respondents chase to become agricul- 
tural economists, a3 well as important positive 
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role models that may have persuaded or dis- 
suaded the respondents from entering the pro- 
fession. Institutions attended, degrees re- 
ceived, and dates of degrees may be important 
when completing the profile of male and fe- 
male respondents with respect to salary. 

Part 2 covers work experience and career 
development of the respondents. Work history 
and no-work periods are key areas in part 2. 
The 1974 CSWEP survey indicated that 
wages, particularly the percentage of salary 
obtained from consulting fees, may show sig- 
nificant differences when profiling male and 
female respondents. Job mobility and types 
and numbers of publications are important 
areas dealt with in this part. 

Part 3 covers the participation in the job 
market for agricultural economists since July 
1979 and applies only to persons actively in- 
terviewing for jobs during that period. Ques- 
tions on the tvpe of prospective employer 
(university, business, or government) for each 
interview as well as the type of emplover for a 
job accepted were included in this section. 
Comparisons of salary for jobs accepted, be- 
tween male anc female respondents and be- 
tween types of prospective employers, are key 
areas of interest in this section. The number of 
interviews for each respondent is also a key 
item. 

The effectiveness and problems of affirma- 
tive action during the hiring procedure are the 
empbasis of part 4. Possible problem areas 
dealt with in this section include female and 
male numbers in departments/divisions and in 
graduate programs, tenure, seniority, promo- 
tion, salary adjustments, and fringe benefits. 
Since the implementation of affirmative ac- 
tion, both males and females have indicated 
that they have encountered some problems in 
these areas. 
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Part 5 deals with the personal background of 
the respondents. The specialties of the re- 
spondents may be significant v/hen profiling 
male and female respondents. Family situa- 
tion, including marital status, spouse's profes- 
sion, number and age of children, is dealt with 
in this part. 

The final questionnaire was designed to be 
administered to male and female agricultural 
economists, including graduete students; 
therefore only parts of the survey were com- 
pleted by some respondents. 


Sample Selection 


Names of the female sample were obtained 
from several sources. The membership roster 
of the AAEA provided a starting point. 
Known women agricultural economists were 
asked to supply the names of other women in 
the profession. Women on the rosters of the 
Washington Women Economists (WWE) and 
CSWEP with relevant specialties also were 
included in the survey. A total cf 540 persons 
made up the female sample (see table 1). 

The male sample was, selected from two 
sources. Each female respondent was asked to 
supply the name of a male of equal rank in her 
department or institution. To reduce bias in 
the selection process, the respondent was in- 
structed to choose the male with the same 
rank or approximate level of job responsibility 
whose name appeared directly after (or be- 
fore) hers in the alphabetical listing of agricul- 
tural economists at her institution or depart- 
ment. This matched-sampling procedure was 
intended to generate a group of males that 
would match as closely as possible the females 
under study. 

Because only 84 names were obtained 
through the matched-sampling procedure, an 
additional 155 males were chosen randomly 


Table 1. Number in Sample and Response 
Rate for Surveys on Status of Women 





No. in No. оѓ Response 
Sample Group Sample Responses Rate (%) 
Female 540 159 29.4 
Male 239 131 54.8 
Matched 84 33 39 
Random 155 98 63.2 
Job search 233 122 52.4 
(both male 
& female) 
Total 1,012 412 40.7 
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from the February 1981 list of-paid-up AAEA 
members. The randomly chosen sample can 
be viewed to represent the male AAEA popu- 
lation more closely than the matched sample 
of male respondents. Identical questionnaires 
were sent to the females and males in the 
sample. 

Early responses revealed that few persons 
had participated in the job market in the past 
two years and thus few persons had answered 
part 3 of the questionnaire, which involved job 
search activities. Since job search is an espe- 
cially important component of the study, a 
separate questionnaire containing only part 3 
of the original instrument, plus selected per- 
sonal information, was developed anê sent to 
persons wbo had accepted new positions 
within the past one and one-half years and to 
students nearing completion of degree work. 
Names of persons who had accepted new posi- 
tions were obtained from AAEA newsletters 
from September 1979 to the present. Names of 
graduate students were obtained from rosters 
prepared by agricultural economics depart- 
ments of universities and sent to prospective 
employers. Questionnaires were sent to 233 
individuals in the.job search sample. 


Questionnaire Mailing and Response Rate 


Questionnaires were mailed to approximately 
one-half of the female sample on 17 January 
1981, with the remainder mailed a week later. 
Responses started to arrive in about two 
weeks.! The responses were generally slow in 
arriving, however, and after four weeks the 
response rate was only 21%.:A reminder was 
sent to those who had not responded. Addi- 
tional responses brought the return rate up to 
29.4%. An additional 1.5% of the question- 
naires were unusable because of incomplete- 
ness or wrong address. No further follow-up 
was undertaken for this group. 

In view of the early indications of interest in 
the study by women and the fact that the re- 
sults of the study have potentially important 
implications for them individually and more 
generally in the profession, the 29.4% re-. 


! The response rates and numbers cited in this paper reflect total 
responses in each category in each survey. Discrepancies between 
the numbers cited in this paper and the following three papers 
result from incomplete responses on some questionnaires and 
from different categories used by each analyst. For example, 
analysis may include all females, all males, matched sample of 
males and females, job search respondents, or some combination 
of these categories. 
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sponse rate is unexpectedly low. One possible 
explenation, however, is that women with 
specialties only peripheral to agricultural eco- 
nomics (e.g., Specialty Areas 420, 440, and 
900—950) may not have identified closely with 
the profession. 

The response tc the 10 February 1981 mail- 
ing of the job search questionnaire was 
sufficient (a 52.4% rate) so that no follow-up 
mailings were made. 

Qtestionnaires could not be sent to the male 
sample until the majority of female responses 
were received. Thus the mail questionnaires 
were not sent until 13 March 1981. Responses 
filtered in through 1 June 1981. One hundred 
and thirty-one responses were received, for a 
response rate of 54.8%. The response rate for 
the matched sample was 39% and for the ran- 
dom sample was 53.2%. 

In this survey, as with most mail surveys, 
the possibility exists that the survey-res- 
pondents do not adequately represent the 
full range of members in the population. While 
the survey questions were factual, the objec- 
tive of the project could have been viewed as 
controversial by some. A high response rate of 
individuals with strong pro or con feelings 
would be expected. For example, women who 
feel they have sufzered discrimination and en- 
visioaed the study as a means to document 
this would likely have responded. On the other 
hand, females satisfied with their oppor- 
tunities and/or who do not want to risk alienat- 
ing male members of the profession may also 
have felt strong necessity to respond. Like- 
wise, men who feel the study was anti-male or 
those particularly concerned with the status of 
women in the profession are more likely to 
have responded. Both males and females with 
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neutral feelings, on the other hand, may have 
been less inclined to respond. While this raises 
the question of bias, time did not allow for the 
exploration of the possible nature of bias in the 
self-select оп of respondents to the mailed 
questionnaires. 


Coding and Analysis 


The same coding structure was used for re- 
sponses tc all questionnaires to enable analy- 
sis not only by individual subgroups but for all 
subgroups combined. Selected personal in- 
formation and job search activities were avail- 
able from all 412 respondents. The remainder 
of the information from the longer question- 
naire was available for 159 females and 131 
males. 

The ma.e group was divided into two sub- 
groups for analysis. Thirty-three of the male 
respondents comprised the matched-sample 
for compa-ison with their female counterparts. 
The remaning 98 male responses were from 
the randomly selected sample of AAEA mem- 
bers. This represents 2.97% of the total AAEA 
and may »e used for analysis with the total 
female sample. The matched and random. 
samples о> males cannot be combined to pro- 
vide a Jarzer sample if either ‘‘matched’’ or 
"random" is a prerequisite. However, for 
some general characteristics, combining the 
two groups provides a larger sample for analy- 
sis. 

Responses were coded and put on tape at 
South Daxota State University and sent to 
committee members for analysis of separate 
sections to be used in their respective papers. 


A Comparison of the Rank and Salary of 
Male and Female Agricultural Economists 


Linda K. Lee 


The Committee on Opportunities for and 
Status of Women in Agricultural Economics 
was established by the Executive Board of the 
American Agricultural Economics Associa- 
tion in July 1980. The charge to the committee 
was ‘о ascertain the opportunities, role, and 
status of women in agricultural economics.” ! 
Two important determinants of status within 
the profession are rank and salary. The objec- 
tives of this paper are, first, to develop a 
profile of women within the agricultural eco- 
nomics profession. The distribution of female 
agricultural economists by type of job, level of 
education, and among academics, tenure 
status, is analyzed along with data on 
salaries, experience, and research productiv- 
ity. Second, the relative rank of women within 
the profession is explored by comparing 
profile data of male and female AAEA mem- 
bers. Finally, a model is developed to deter- 
mine if significant salary differentials exist be- 
tween men and women of comparable rank. 
Conclusions about the current status of 
women in agricultural economics are pre- 
sented. 


A Profile of Female Agricultural Economists 


Data for this analysis were obtained from a 
survey of men and women within the profes- 
sion (Lundeen and Clauson). In an attempt to 
survey all female agricultural economists, 540 
women with a possible interest in agricultural 
economics were contacted by the committee. 
Responses to the survey as of 1 July: 1981 


Linda K. Lee is an assistant professor of agricultural economics at 
Oklahoma State University. 

This is Professional Paper No. 1053 of the Oklahoma Agricul- 
tural Experiment Station. 

Research support for this study, provided by the Farm Founda- 
tion and by the ESS, U.S, Department of Agriculture, is gratefully 
acknowledged by the ad hoc Committee on the Status of Women 
in Agricultural Economics. Е 

! Letter from Luther Tweeten, President of the AAEA, to 
committee members, 2 September 1980. 


totaled 159 women, 89 of whom are members 
of the AAEA. Data in table 1 illustrate the 
distribution of women by type of job, level of 
education, and academic tenure status, where 
applicable. Mean salaries, average years since 
the last degree, and average number of publi- 
cations per year are calculated for each cate- 
gory. 

Of the 125 women who listed an identifiable 
current job, approximately 50% are academ- 
ics, 30% are employed by government (state 
or federal), and the remainder are working for 
business and nonprofit corporations. The 
mean annual salary for all women surveyed is 
$20,589. Highest average salaries are reported 
by women with a Ph.D. employed by govern- 
ment. The lowest salaries are earned by non- 
Ph.D. academics without tenure, many of 
whom may be graduate students on assistant- 
ships. For all academics, the average annual 
salary of $17,659 is less than the average earn- 
ings of both government and business employ- 
ees. It should be recognized that the inclusion 
of graduate students in the academic category 
may bias these salary comparisons.’ 

The female survey respondents averaged 
just under six years since receiving their last 
degree. Overall, academics had more years of 
experience than government or business em- 
ployees. The average number of journal arti- 
cles and papers published per year was also 
calculated. All women surveyed averaged 
slightly less than one publication each year 
since their last degree was received. 


Comparison of Male and Female Agricultural 
Economists 


Questionnaires were sent to 239 males most of 
whom were randomly selected from the 1981 
AAEA membership list (Lundeen and 
Clauson). One hundred thirty-one men re- 
sponded by 1 July 1981. Because of the sam- 
pling frame used, most of the men surveyed 
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were AAEA members, while only 56% of 
women surveyed were association members. 
Although the differences between AAEA 
women and all women surveyed appear slight, 
to ensure comparable groups the responses 
were stratified for 104 male respondents and 
72 female respondents with AAEA member- 
ships. These data are reported in table 2. 
Type of job, level of education, and academic 
tenure status were tabulated in addition to 
mean salaries, average years since last degree, 
and average number of publications per year 
for each job category. 


Academics 


Of the respondents with academic jobs, 55% 
of the men were tenured, compared to 24% of 
the women. A higher proportion of women 
than men did not have a Ph.D.: 51% of the 
women compared to 14% of the men. The 
“not applicable” response to questions about 
tenure status may indicate that many non- 
Ph.D. women are graduate students on assis- 
tantships. Apparently a higher proportion of 
female graduate students responded to our 
survey than did male graduate students, prob- 
ably due to sampling techniques and interest in 
the survey. 

Mean salaries for academic men are more 
than $14,000 higher than for their female coun- 
terparts, a trend that is observed in almost 
every tenure and educational category. Men 
also have more post-degree experience than 
do women—about five years more on the 
average. There is also a slight tendency for 
men to have more publications than women on 
a per year basis. 


Government 


Approximately 5895 of the men in the sample 


and 48% of the female AAEA members in: 


government have а Ph.D. Men with a Ph.D., 
however, have twice the experience as mea- 
sured by years since the last degree and aver- 
age almost $9,000 more per year in salary than 
women with a Ph.D. Among government em- 
ployees without a doctoral degree, the experi- 
ence and salary differentials are similar. 
Women in government appear to publish more 
than men, perhaps indicating an administra- 
tive role for more of the men. 


2 Twenty-seven men ard seventeen women were deleted from 
the analysis because information on their current jobs was incom- 
plete. 
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Business and Other 


The largest disparities in salary and experi- 
ence are found in the business and other cate- 
gory. Men averaged 13.7 years of experience 
and $38,667 per year compared to 2.3 years of 
experience and $17,292 in salary for AAEA 
women. However, there were relatively few 
respondents in this category. Women in busi- 
ness, as did women in government, reported 
more publications than men on a per year 
basis, perhaps indicating fewer administrative 
responsibilities than men. 


Summary 


A major difference in employment patterns 
between men and women is the smaller per- 
centage of women employed in academic jobs. 
While 63% of male agricultural economists in 
our sample are employed by universities and 
colleges, 51% of female AAEA members have 
academic employment. Correspondingly, a 
higher proportion of women are employed in 
state and federal government than are men. 
Mean salaries of AAEA women are lower 
than mean salaries of the men sampled. The 
average salary for the 104 men with an iden- 
tifiable current job is $33,534 compared to a 
mean salary of $20,417 for the 72 women for 
whom data were available. Part of this differ- 
ential may be explained by the years of ex- 
perience accumulated by men and women. 
Men averaged 12.1 years since their last de- 
gree received; AAEA women as a group aver- 
aged 5.5 years of experience. In addition to 
less experience, women have a lower level of 
education than men. Approximately 57% of 
the women do not have a Ph.D. compared to 
27% of the men. Both men and women aver- 
age approximately one publication per year. 


Factors Contributing to Salary Differentials be- 
tween Male and Female Agricultural Econo- 
mists | 


The descriptive data in tables 1 and 2 do not 
allow a comparison of the salaries of men and 
women with equivalent backgrounds. Al- 
though mean salaries for women are lower 
than mean salaries for men within each cate- 
gory, it is difficult to determine the role of 
experience, productivity, and other variables 
in producing this salary differential. 
Accordingly, a model was developed to test 
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for salary differentials between male and fe- 
male agricultural economists after accounting 
for education, experience, research productiv- 
ity, and other variables. The dependent vari- 
able in this model is before-tax 1980 salary or 
1980 net business income, including consulting. 
fees. Independent variables hypothesized to 
determine the salary of agricultural econo- 
mists were: 

(a) educational background—with Ph.D. = 
1, otherwise = 0; 

(b) research productivity—(i) number of 
journal articles and professional papers, (ii) 
number of books published; 

(c) experience—(i) years since the last de- 
gree was received, (ii) tenure (months) in pres- 
ent job; 

(d) administrative duties—administrator = 
1, otherwise = 0; 

(e) employer an academic institution— 
academic = 1, otherwise = 0; 

(f) career interruptions—number of times 
unemployed for 6 months or more; 

(е) consulting—percentage of income de- 
rived from consulting; and 

(Л) sex—female = 1, male = 0. 

The regression results for the sample of men 
and women who are members of the AAEA 
are reported in table 3. After omitting incom- 
plete responses, 145 observations were ana- 
lyzed. The coefficients of the variables 
measuring publications and consulting proved 
insignificant. The coefficient for sex was sig- 
nificant, however, indicating mean salaries for 
women are $3,769 lower than for men, after 
controlling for the effects of other variables. 
This salary differential is considerably less 
than the $13,000 differential reported in table 
2, indicating about $9,000 of that differential 
can be accounted for by variables other than 
sex. 

It is possible that the significant salary dif- 
ferentials between men and women reported 
in table 3 relate to differences in job respon- 
sibilities not measured by the independent 
variables. As academics are a more homogen- 
ous group with respect to job descriptions than 
business or government agricultural econo- 
mists, a separate regression equation was es- 
timated to test for salary differentials between 
men and women in academia—the largest em- 
ployer in the sample.? The results are reported 
in table 4. After omitting incomplete re- 


3 Because of the small sample size, all women academics, in- 
cluding non-AAEA members, were included in the model. 
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Table 3. Regression Results for All Men and 
AAEA Women 





Variable Estimated Coefficient 
Intercept 18,021.60 
(8.83)# 
Ph.D. 9,528.07 
(6.17) 
Books 3,901.38 
(1.85) 
Publications 61.25 
(1.03) 
Years since degree 379.42 
(3.94) 
Tenure in job 103.01 
(4.38) 
Administrator 6,693.20 
(3.07) 
Academic ~5,681.62 
(3.95) 
Career interruptions —3,595.11 
(1.77) 
Consulting —365.71 
(.77) 
Sex —3,768.74 
(2.49) 
F 30.70 
R .695 
Number of observations 145 


a Numbers in parentheses are f-values (absolute value). 


sponses, 105 observations were available for 
analysis. The coefficients of books, career in- 
terruptions, and consulting proved insig- 
nificant. Again, after controlling for all other 
variables, academic women had a mean salary 
$3,038 lower than that of academic men. This 
suggests that although much of the salary dif- 
ferentials between academic men and women 
reported in table 2 are accounted for by 
explanatory variables other than sex, a sig- 
nificant salary differential between men and 
women in academia does exist. 

Although mean salaries of men and women 
are significantly different after controlling for 
the independent variables in the model, it 
should be noted that there are other determin- 
ants of salary that are not accounted for in this 
analysis. For example, sex and regional loca- 
tion could be correlated in such a fashion as to 
bias the results, but this could not be deter- 
mined in this study. Another important deter- 
minant of salary, quality of work, is not read- 
ily quantified and was not available from the 
survey data. Salary and advancement also can 
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Table 4. Regression Results for Men and 
Women with Academic Employers 





Variable Estimated Coefficient 
Intercept 10,104.57 
(5.18)? 
Ph.D. 12,445.83 
(7.52) 
Books 949.03 
C51) 
Pullications 113.79 
(2.04) 
Yezrs since degree 438.09 
(5.50) 
Tenure in job 53.24 
(2.31) 
Adninistrator 6,554.53 
(2.34) 
Career interruptions —1,789.78 
(.99) 
Consulting 889.46 
(.97) 
Sex —3,037.93 
(1.99) 
F 34.54 
R2 -768 
Nurr.ber of observations 104 


a Numbers in parentheses are f-values (absolute value). 


be accelerated by interpersonal skills and rap- 
port with colleagues and administrators, an- 
other unmeasurable factor. To isolate com- 
pletely the effects of sex on salary, all of these 
factors should be considered. 

The significant salary differentials between 
men and women reported in the models could 
result from a number of factors. If women in 
general are less mobile than men, have fewer 
job alternatives, and/or are less successful sal- 
ary negotiators than men; salary differentials 
could result. Because the reasons for sig- 
nificant salary differentials are difficult to de- 
termine, it is interesting to note the responses 
of шгп and women in the sample on this topic. 
In response to the question, “о you think 
you are paid less or have a lower level job than 
you would if you were the opposite sex?’’, 
approximately 4% of tne men and 22% of the 
women said yes. A sizeable minority of 
women perceive salary differentials to exist 
and believe these differentials to be sex- 
related. 
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Summary and Conclusions 


The sur vey data analyzed in this paper suggest 
that female agricultural economists have not 
yet achieved a rank within the profession 
equivalent to male agricultural economists. 
Lower sevels of education, a lack of experi- 
ence, and fewer women academics may be 
contributing Zactors. Furthermore, significant 
salary differentials between men and women 
exist after accounting for education, experi- 
ence, research productivity, and other vari- 
ables. These conclusions are consistent with 
reports of the rank and salary of women in 
Science and with data on the rank of women 
economists in academia (Bayer and Astin, 
Bailey). 

The real issue may be the future advance- 
ment of women within the profession rather 
than their current professional status. Al- 
though tke number of women in the profession 
is currertly small, one encouraging signal is 
the increasing numbers of female graduate 
students in agricultural economics. Between 
1974 and 1979 the number of women enrolled 
as full-time graduate students in doctorate de- 
partments more than doubled-—from 155 to 
352. During the same time period, male en- 
rollment ncreased by only 1296 from 1,452 to 
1,625 (Vetter and Babco). 

These data indicate young women are op- 
timistic a»out a professional future in agricul- 
tural ecomomics. If that optimism is justified, 
the number of women in the profession should 
continue to increase. Improvements in the 
rank and status of these women, however, will 
depend upon advancement equal to that of 
their male counterparts. 
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sponse was much less for female college fac- 
ulty than for other sources of influence. 

In the present survey, men almosi always 
cited males as their most influential role moc- 
els; most often cited were fathers and teact- 
ers. While women also cited fathers апі 
teachers most often, more diversity existed in 
their responses. In particular, women listed 
female teachers more often than male teach- 
ers, and mothers appeared to exert significant 
influence. Women identified females as often 
as males as their most influential role models, 
while men almost never listed females. 

Both sexes most often listed professors as. 
the people who most encouraged a profes- 
sional career; the greatest differences betweer 
male and female responses occurred for 
friends (more important for men) and profes- 
sors and mothers (more important for 
women). Almost all men said that no one at- 
tempted to dissuade һет from a professional 
career; while the majority of women con- 
curred, women also reported a variety of 
dissuasive influences. 


Academic Background 


While men were more likely than women to 
rank in the upper 25% of their college graduat- 
ing class, women were more likely to rank in 
the upper 2%. Men were somewhat more 
likey to have had statistics and advanced 
mathematics courses as undergraduates, but 
women were more likely to have taken cal- 
culus, economic principles, and advanced 
(general) economics. Men were more likelv to 
have been agricultural economics majors as 
undergraduates, although, like women, many 
men also turned to graduate agricultural eco- 
nomics from other undergraduate majors. In 
general, then, women have had more back- 
ground in general economics than men, while 
men's academic background has been more 
agriculturally oriented. 

Ccntrary to what the literature on women's 
career paths indicates, women Ph.D. recip- 
ients were about as likely as men to have inter- 
rupted their Ph.D. study. This again may be 
partly because women agricultural economists 
are more likely than men to have never mar- 
ried and never to have had children (or at least 
to begin having children after the highest aca- 
demic degree was completed); thus, home re- 
sponsibilities of women and men may be 
roughly comparable. However, when women 
did interrupt their Ph.D. study, it was more 
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likely со delay the dissertation and for more 
extended periods of time. Surprisingly, men 
were more likely than women to delay the 
dissertation because of home responsibilities, 
and women more likely to delay in order to 
gain job experience. Although women were 
less likely to receive assistantships and during 
Ph.D. coursework provided their own finan- 
cial support somewhat more often, during the 
dissertetion period they were more likely to 
rely on fellowship support and less likely to 
rely on working their way through. During 
both phases, women were less likely than men 
to receive aid from relatives as a major source 
of finanzial support. 

Also cortrary to popular opinion, women 
agricultural economists were more willing to 
move more than 100 miles to a job which of- 
fered h:gher pay than were men. The in- 
creased likelihood that female agricultural 
economists have never married may contrib- 
ute to tFis result. Because for the majority of 
married couples, the man's career still takes 
priority, one would expect at best an equaliza- 
tion of mobility of men with predominantly 
single women. However, women were more 
likely than men to have moved in the past 
because of family preferences. 

Both s2xes were more likely to concentrate 
on agriculture and natural resources as pri- 
mary professional specialties; of these, 
women were about evenly divided between 
agriculture and natural resources. However, 
women more requently than men listed con- 
sumer economics as their primary specialty 
(nine of the thirteen 900-classifications were in 
920, consumer economics) and less frequently 
listed economic growth and development and 
business. 


Factors Which Affect Completion of a Ph.D. 
Degree 


Based on the factors discussed above, a logit 
model was corstructed and estimated to ex- 
plain the cecisions of women and men to pur- 
sue and complete a Ph.D. degree (table 2). 
First, the ater in school the person made the 
choice of field, the more immediate the possi- 
bility of getting the Ph.D. and the more likely 
that it would be undertaken and completed. 
Second, the primary reasons for choice of field 
were considerec; perhaps if one chose the field 
5ecause of personal interest in it, one would 
zontinue as far zs possible in its study; while if 
one chose й because of economic opportunity, 


Redman 
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Table 2. Logit Determinants of Ph.D. Completion 











Women Men 

Variable Coeff. x Coeff. x? 
Intercept —0.5763 0.22 1.8385 1.01 
Time of career decision 0.6920 6.14 0.6449 2.83 
Chose field because of interest —0.4013 0.65 —1.0235 1.90 
Chose field for economic gain —0.3495 0.24 —0.1703 0.05 
Father most encouraging —1.7280 3.00 1.4594 2.23 
Mother most encouraging —1.0028 1.03 
Teacher most encouraging —1.5074 3.89 1.5426 4.10 
No one encouraged career —1.9495 3.96 0.1836 0.04 
No one discouraged career 0.2834 0.30 —2.0508 3.00 
Academic rank in college —0.1678 0.96 —0.7697 5.17 
Never married —0.9180 3.80 —3.7444 10.41 

Percent correctly predicted 67.7% 77.2% 

Predictive accuracy coefficient 0.137 0.345 











4 Chi-square statistics for assessing significance of individual coefficients (Nerlove and Press, p. 45). 


one could find sufficient opportunity at the 
bachelor’s or master’s levels. The encouraging 
influences of father, mother, and teacher were 
discussed previously; also included in the 
model were the lack of any encouragement 
and the lack of any discouragement. Those of 
highest academic ability were hypothesized to 
be more likely to complete the Ph.D.; those 
never married were presumed to have been 
more free to concentrate on graduate study. 

As expected, men and women responded 
differently to these factors; however, not all of 
the predicted effects held at the 10% level of 
significance. Most unexpected was the nega- 
tive effect of never-married status. It appears 
that for both sexes, the married individuals are 
more likely to complete the Ph.D. For both 
sexes, the later in life the decision was made to 
enter agricultural economics, the more likely 
the Ph.D. completion. No effect of reasons for 
choice appeared for either sex. College aca- 
demic rank (1 = highest, 5 = lowest) was a 
significant factor for men but not for women. 
Men and women responded oppositely to most 
encouraging (and discouraging) influences. 
Men responded favorably to encouragement 
from fathers and teachers, although they ap- 
parently needed some challenge against which 
to respond as seen from the negative effect of 
lack of discouragement. Mother’s influence 
could not be analyzed for men because very 
few men listed mothers as the people who 
most encouraged their careers. Either women 
responded negatively to encouragement from 
fathers and teachers (and surprisingly, not at 
all to mothers) or, more likely, the profes- 


sional careers women were encouraged to 
undertake did not require a Ph.D. The model 
explained Ph.D. completion better for men 
than for women. 


Conclusions 


Women agricultural economists do differ from 
their male counterparts primarily in family 
situation and professional motivation. They 
are more likely to have never married, or at 
the least to have completed academic prepara- 
tion before turning to child-rearing. When 
married, they are more likely to have married 
men of equal or higher educational background 
and income, and to possess a Ph.D. degree, 
but yet at the same time they appear to have 
largely resolved problems of career mobility. 
They are likely to be older than the males, on 
the whole (partly because of greater numbers 
of returning women students), and to have 
been more greatly influenced by female role 
models. Although they tend to have had a 
more general-economics-oriented academic 
background than the men, they presently spe- 
cialize to no lesser extent in agriculture and 
natural resources. In keeping with the aca- 
demic stereotype, however, they do choose 
human-oriented specialties more often than 
business-oriented specialties, while for men 
the reverse is true. The distinctive career 
motivation among women agricultural econo- 
mists is intellectual interest, as compared with 
greater emphasis by men on market consid- 
erations. It will be interesting to see if these 
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patterns continue over time as women's par- 
ticipation in agricultural economics increases 
and whether the character of agricultural eco- 
nomics research output changes as a result. 
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Evidence on Barriers to the Parallel 
Advancement of Male and Female 
Agricultural Economists 


Sylvia Lane 


Barriers to parallel advancement of male and 
female economists and managers (but not ag- 
ricultural economists) have been studied in 
some detail (Reagan, Strober, Epstein, Gor- 
don and Strober). Reagan wrote, “Оп the 
supply side, barriers to full career develop- 
ment for women are likely to be those com- 
mon to all professional occupations plus the 
effect of women’s perceptions of the intensity 
of the demand-side barriers of the particular 
profession (i.e., any lack of support of male 
colleagues, professional isolation and lack of 
access to information network, or employers’ 
lack of perception of the women’s career po- 
tential). One group of supply-side barriers in- 
cludes presence of children, husband’s un- 
favorable attitudes, guilt feelings of women 
related to a high sense of responsibility for 
monitoring consumption at home, and poor 
earlier education choices based on limited 
perception of career possibilities. In addition, 
the two probably most important barriers are 
geographic mobility or immobility, related to 
demands of family, and lack of the on-the-job 
training caused by either gaps in the women’s 
career patterns or diminished opportunities for 
investment in human capital for women who 
are working" (Reagan, р. 100). 

Gordon and Strober emphasized ‘‘recruit- 
ment, hiring and promotion policies" (p. 158) 
(demand-side barriers common to all profes- 
sional occupations), and Sutherland found 
women had lower professional aspirations 
(supply side) (pp. 774, 794). 
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The three highest barriers to career devel- 
opment cited by women with doctorates stud- 
ied by Astin were ‘‘getting adequate domestic 
help" (supply side), employer discrimina- 
tion" (demand side) and "husband's mobil- 
ity" (supply side) (p. 150). 

Epstein lists (a) the American image of the 
female role and its concomitant attitudes and 
behavior which are often inappropriate in the 
professional world (which when internalized is 
a supply-side barrier); (b) simply enjoying 
one's work often not being perceived as an 
adequate justification for a woman working; 
(c) the lesser parental investment in education 
for young women in many cases because it has 
a lower present value; (d) the lack of role 
models for professional women; (e) societal 
expectations concerning appropriate occupa- 
tions for women and pressure on women to 
think in terms of contingency careers instead 
of careers as their prime occupational objec- 
tive; and (f) the tendency of women to choose 
typically female professions (Epstein, chaps. 
1, 2). The listed categories are all supply-side 
barriers. They are not all mutually exclusive, 
and the list is not all-inclusive. 

Irrespective of the factors involved, the lack 
of parallel advancement in occupational cate- 
gories similar to that of agricultural econo- 
mists has been documented. Reagan found a 
$2,400 difference in pay between the ''typi- 
cal" Ph.D. woman economist and her male 
counterpart seven years after the woman 
economist received her Ph.D. (p. 101). 
Johnson and Stafford, studying female aca- 
demics, found ''(1) beginning salaries for fe- 
males are not substantially less than for male 
academics; and (2) the rate at which salaries 
increase with years since the Ph.D... . is 
much greater for male than for female academ- 
ics" (p. 203). After twelve years of potential 
experience, women in their sample earned 
2396 less than the men (p. 203). Salaries of 
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female academics are averred to decline rela- 
tive to those of male academics with years 
since receipt of the Ph.D. up to age 45 (p. 205). 
The important hypotheses explaining the dif- 
ferentials were both the division of labor 
acquired skill hypothesis (women drop out о? 
the labor force, primarily to raise childrer. 
more often than men and do not acquire а 
much on-the-job training) and discriminatior 
(pp. 216-17). 

Human capital theorists posit time out of the 
labor market reduces the accrued human capi- 
tal stock because of a gap in the process of 
appreciation and because of capital deprecia- 
tion. Discontinuities were found to be greater 
for married than for single women (Mincer and 
Polachek). Huttner found the number of 
breaks in paid employment rather then time 
away from paid work to be inversely asso- 
ciated with earning levels, and Jusenius sug- 
gested women in high-skill occupations suf- 
fered the highest penalties (Kalsare, p. 663). 

Reagan, from her analysis of the data from 
the 1974—75 survey of economists, suggested 
that the discrepancy between salaries for 
equivalent male and female economists was 
due to women accepting lower wages than 
men if their geographic mobility was restricted 
because of their husband's employment or if 
they wanted to work close to home because of 
chiláren. 

In this analysis, the hypotheses to be tested, 
stated in the null form, were that (a) attitudes, 
human capital, and mobility did not result in 
salary differences between female and male 
agricultural economists holding equivalent po- 
sitiors, and (b) barriers to parallel advance- 
ment were not falling and therefore salary dif- 
ferences for male and female agricultural 
economists holding eqvivalent positions, con- 
trolling for years out of school, should be the 
same for younger and for older women. 


Methodology 


Data used was from the Survey of Women in 
Agricultural Economics conducted in 1981 
(Lundeen). First, frequencies were compiled 
for the occurrences of the barriers studied for 
a sample of 282 women in the surveyed popu- 
lation for whom there were complete records. 
One hundred eighty-four, designated as 
“younger women," had completed the re- 
quirements for their highest degree in 1971 or 
thereafter. Ninety-eight, designated ‘‘older 
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women," were awarded their highest degree 
prior to 1971. Second, data for 21 pairs of 
"matched" male and female agricultural 
econorrists were used in a multiple regression 
analysis to explain salary differences. In all, 
there were 33 "matched" pairs in the data 
set, i.e.. pairs of male and female economists 
working for the same firm or institution. 
Women had designated the man in the same 
department and/or position with equal rank 
whose name appeared next to their names al- 
phabetically on the department list or em- 
ployment roster. However, data needed for 
the analysis was incomplete for 12 of the pairs 
and, therefore, they were excluded from the 
regressicn analysis. 
The model estimated was 


Б = ДА,, Aa, С, М), 


where D is the difference in salary between a 
woman who is an agricultural economist and a 
man in the equivalent position divided by the 
years sinze each received her/his highest de- 
gree, A, :5 attitudes that have their effect on 
the supp:y of women who are agricultural 
economists, A, is attitudes that have their ef- 
fect on the demand for women who are ag- 
ricultural economists, C is differences in 
human capital, and M is differences in mobil- 
ity. A,, in the estimated equation, was a series 
of eight variables. They were: 

(a) if people tried to dissuade female re- 
spondents from pursuing a professional 
career; 

(b) the need to devote a large amount of 
time to administer consumption; 

(c) spouse's negative attitude toward the 
female agricultural economist's working; 

(d) relatives! negative attitudes toward the 
female agricultural economist's working; 

(e) lack of appropriate role models; 

(f) social or professional isolation on the 
:ob; 

(g) the rumber of times the respondent left 
a job she liked and moved because her spouse 
or another family member needed to live in 
nother area; ard 

(Л) other barriers which included (in their 
cwn words; lack of direction in college, lack of 
support from faculty when a student, inade- 
cuate financial support during graduate work, 
personal reluctance to call self economist and 
vork with them, nonacceptance of women in 
field, lack of worthwhile work in field, inability 
to fit into system in place of work, no mentor, 
по referral/buddy system for women, work in 
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a chauvinistic company, difficulty about learn- 
ing about available options, colleagues’ sexist 
attitudes, personal obligations, nationality/ 
cultural obstacles, and ‘‘political repression.”’ 
This is not a complete list. 

Aq in the estimated equation was a series of 
three variables: 

(a) employers’ lack of perception of female 
respondents’ professional potentialities; 

(b) employers’ expressing a preference for 
hiring a male rather than a female agricultural 
economist; and 

(c) questions related to the spouse and/or 
domestic situation appearing to be a dispro- 
portionately important consideration in the 
minds of potential employers. 

Data used for the variable pertaining to less 
investment in human capital, C, was compiled 
from the number of six-month gaps in the 
work history of the women who responded in 
the survey. 

To gather data concerning mobility, M, a 
question was included in the questionnaire 
asking if the respondent was willing to move to 
a better-paying, more responsible position 100 
or more miles from her/his present location 
within the next two years. 

These, except for family moves which were 
correlated with the number of six-month gaps, 
were the independent variables in the final re- 
gressions, which were estimated using ordi- 
nary least squares. 

There probably are simultaneities and in- 
teractions among the independent variables. 
For younger women there were positive corre- 
lation coefficients over .6 for problems with 
consumption management and the number of 
six-month gaps in the work history. This was 
also true for the spouse’s negative attitude and 
the reporting of having encountered other bar- 
riers. This could well be due partially to a 
psychological interaction. 


Findings 


As indicated in table 1, 53.5% of the 282 
women who responded to this question indi- 
cated they had been dissuaded from pursuing 
their professional careers. Of the female ag- 
ricultural economists responding 53.2% found 
the need to devote a large amount of time to 
administer consumption to be a problem. Her 
spouse’s negative attitude toward her working 
was a problem for 52.8% of the respondents. 
Relatives’ negative attitudes were a problem 
for 53.2% of the respondents. The lack of role 
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models was a problem for 53.9%; isolation on 
the job for 52.8%; family related moves for 
8.9%, and other barriers for 14.2%. 

As for the demand-side barriers, 54.3% of 
the women reported the employer’s lack of 
perception of their potentialities to be a prob- 
lem; 20.9% reported their employers preferred 
to hire male economists, and 95.7% reported 
having been asked a disproportionate number 
of questions related to spouse and/or domestic 
situations during interviews, and that such 
questions appeared to be important consid- 
erations in the mind of potential employers. 

Eleven percent reported there had been 
gaps in their work history and 32.3% reported . 
they were willing to move more than 100 miles 
within the next two years to a job with higher 
pay and greater responsibility. 

That over half were dissuaded was perhaps 
not unexpected. That consumption manage- 
ment was a problem for over half was also not 
surprising. 

The fact that the female economists' domes- 
tic situations appeared an important consid- 
eration in the mind of potential employers ac- 
cording to over 95% of the women reporting is 
revealing. The almost one-third of the female 
economists reporting who are willing to move 
within the next two years to a job 100 miles or 
more away from their present job if it had 
more responsibility and higher pay was a 
higher proportion than expected. 

Among the 130 male economists who re- 
sponded to this same question, 39.226 reported 
they were willing to move. There was a statis- 
tically significant difference between male and 
female agricultural economists in this regard. 
The males were more mobile. 

Actually, being married, in itself, consti- 
tutes a barrier interrelated with consumption 
management, gaps in work history, and 
spouse's negative attitude. Of the 62 women 
surveyed who reported consumption man- 
agement to be a problem, 72.6% were married. 
Of the 55 women who reported they were 
single (never married) 78% reported consump- 
tion management was not a problem, as op- 
posed to 40% of the 75 women reporting being 
currently married. Married women also had 
more gaps in their work history. None of the 
women who were not currently married (sepa- 
rated, divorced, or never married) reported 
having more than three gaps, but 1096 of the 75 
married women did. Forty-four percent of the 
married women had gaps in their work history 
as opposed to 33% of the single women. 
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Table 1. 
omists 


Percentage of 





Younger Wome 
Reporting 
(М = 184°) 
Supply-Side Barriers 
Dissuasion 50.5 
| (3.7)* 
Consumption management 49.5 
(23.0) 
Spouse’s attitude 49,5 
(26.4) 
Relatives’ attitudes 49.5 
(18.6) 
Lack of role models 50.5 
(11.5) 
Isolation on job 49.5 
(11.0) 
Family-related moves 7.6 
(3.1) 
Other barriers 12.0 
(4.0) 
Demand-side barriers 
Employers’ lack of 51.1 
perception (12.6) 
Employers’ preferences 23.9 
for male economists (3.2) 
Employers’ interest in 96.7 
family affairs (1.3) 
Human capital 
Gaps in work history 7.6 
(2.2 
Mobility 
Willingness to move 32.6 
to job with more (3.5) 


responsibility“ 
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Evidence of Barriers to Parallel Advancement of Male and Female Agricultural Econ- 


Percentage of 
Dider Women 


Percentage of 


n Total Sample 


Reporting Reporting 
(N = 98?) (N = 2823) 
59.2 53.5 
(5.0) (3.8) 
60.2 53.2 
(23.5) (17.1) 
59.2 52.8 
(30.1) (20.1) 
60.2 53:2 
(22.8) (14.5) 
60.2 53.9 
(21.4) (10.7) 
59.2 52.8 
(19.7) (9.9) 
11.2 8.9 
(5.0) (2.6) 
18.4 14.2 
(7.5) (3.7) 
60.2 54.3 
(21.1) (11.0) 
15.3 20.9 
(3.7) (2.4) 
93.9 95.7 
(2.4) (1.2) 
17.3 11.0 
(5.3) (2.4) 
31.6 32.3 
(4.7) (2.8) 





a Percentage of women surveyed reporting this as a problem. 
> Standard errors in parentheses. 
° Only variable compared to males; difference between males and 


When comparisons were made between the 
women who had completed work for their 
highest degree ten years or more before the 
survey and those who had completed the work 
for their highest degree within tbe last ten 
years, some interesting differences became 
apparent (table 1). A higher percentage of the 
older women had encountered all of the listed 
supply-side barriers. The differences between 
the younger and older women were all statisti- 
cally significant. 

As to the demand-side barriers a higher pro- 
portion of older women reported their em- 
ployers lacked perception of their potential. A 
lower percentage of older women reported 
their employers preferred hiring male егопс- 
mists or had a disproportionate interest in 
their family affairs. Older women had more 
gaps in their work histories, as expected. They 





females significantly different above 95% level. 


had mcre time to accumulate them. The older 
women were somewhat less willing to move 
than tbe younger women, and that, too, was 
expected. This was also true of older versus 
younger men. Every one of the differences in 
the recorded percentages for the demand-side 
barriers between the older and younger 
women was statistically significant. 

The mean difference in salary per year since 
they had acquired their highest degrees be- 
tween -he younger women in the sample and 
their male counterparts (for the 11 cases in the 
matched pairs) was $311.60 per year. The fe- 
male economists earned less. The mean differ- 
ence in salary per year since the acquisition of 
the higaest degree for the older women in the 
matched pairs and their male counterparts was 
$59.38. The women earned more. The differ- 
ence between the younger and older women 
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was Statistically significant at the 95% level. 
For the 21 matched pairs, the mean difference 
per year was $134.94, with the men earning 
more. 

The independent variables that were statis- 
tically significant in explaining the salary dis- 
crepancy for the 21 women in the matched- 
pair regression equation were (table 2) the 
spouse's negative attitude toward the female 
economist’s working (at the 90% level); rela- 
tives’ negative attitudes (at the 90% level); 
lack of role models; the employer's lack of 
perception of the female agricultural econo- 
mist's potential; the employer's undue interest 
in family affairs during the female economist’ s 
interview; and the number of gaps in the fe- 
male agricultural economist's work history 
(the latter four all being significant at the 9596 
level or above). 


Summary and Conclusions 


The women questioned, who returned ques- 
tionnaires in the 1981 survey of agricultural 
economists, had, for the most part, been dis- 
suaded from becoming agricultural econo- 
mists, found they had problems with con- 
sumption management, had spouses with 
negative attitudes toward their working, had 
relatives with negative attitudes toward their 
working, lacked role models, found they were 
professionally or socially isolated on the job, 
felt that they had employers who lacked per- 
ception of their potential, and had been ques- 
tioned excessively about family affairs during 
interviews. Both the supply-side barriers and 
the demand-side barriers existed for a majority 
of these women. For the younger women, they 
undoubtedly contributed to the salary discrep- 
ancy between the women and their male coun- 
terparts, even though the younger women had 
fewer gaps in their work history. In the case of 
the older women, the discrepancy was posi- 
tive. Those in the sample of ‘matched pairs" 
earned more than their male counterparts. But 
the sample was verv small (there were 11 
“younger” and 10 “older” women). 
Statistically significantly higher percentages 
of older women encountered each of the 
supply-side barriers, leading to the conclusion 
that these barriers may no longer be as perva- 
sive as they were. Concomitantly, statistically 
higher percentages of older women reported 
their employers lacked a proper perception of 
their potential, implying more employers may 
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Table 2. Regression Coefficients for Indepen- 
dent Variables for Women in the Matched 
Sample 


B-Coefficient 
Total Women 
Matched Sample? 





(N = 21) 
Supply-Side Barriers 
Dissuasion — 1510.8 
(.677) 
Consumption management ~ 1131.8 
(.895) 
Spouse’s attitude 4745.5* 
(2.08) 
Relatives' attitudes —2997.7* 
(2.07) 
Lack of role models 2796.7» 
(2.78) 
Isolation on job —467.3 
(.504) 
Other barriers 712.9 
(.516) 
Demand-side barriers 
Employers' lack of 2193.9 
perception (2.1) 
Employers’ preferences ~ 243.5 
for male economists (.23) 
Employers’ interest in — 1948.25 
family affairs (2.20) 
Human capital 
Gap in work history 4878.9^ 
(2.55) 
Mobility 
Willingness to move 1051.2 
to job with more (1.12) 


responsibility? 
К? = .76 





а T-test statistic in parentheses; all T-tests not valid for older and 
younger women subsamples because of the small size of the sam- 
ples. 

> Significant at 95% level and above. 

* Significant at 90% level. 


be perceiving female agricultural economists’ 
potentials for achievement similarly to the 
economists’ own perceptions (recognizing 
their capabilities). A statistically significantly 
lower percentage of older women, however, 
reported their employers preferred hiring male 
economists, which may indicate their employ- 
ers’ lack of bias when they were first hired or 
that they have proven women can be capable 
agricultural economists. The fact that the per- 
centage for this barrier is as low as it is overall, 
(20.9%) is encouraging. The high percentage 
of the women surveyed who reported employ- 
ers having an undue interest in family affairs 
during interviews (and this was statistically 
significantly higher for the younger women) 
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indicates women have yet to be treatec 
equally with men during the interview pro- 
cess. 


The statistically significantly higher per 


ceatage of older women reporting gaps in their 
work history probably reflects the milieu dur- 
ing the period of their careers. Many were 
working during the 1950s when the accepted 
norm for a woman was to be primarily home- 
centered, and this norm was then a more for- 
midable supply-side barrier than it has been. 
during the last 20 years (Korbin). That this 
percentage is as low as it is (17.3%) for older 
women and considerably lower for younger 
women (7.6%) indicates female agricultural 
eccnomists tend to have strong career com- 
mitments. The fact that 32.3% of the women 
surveyed reported they were willing to move 
to a position paying more, with more respon- 
sibility, over 100 miles away from their pres- 
ent location dispels the notion that female 
agricultural economists are far less mobile 
than male agricultural economists. There is a 
statistically significant difference between the 
two (39.2% of the men were willing to move) 
but the difference is not that appreciable. Not 
surprisingly, the younger agricultural econo- 
mists were more mobile than the older ones. 
And single women, who had fewer problems 
with consumption management, fewer gaps in 
their work history, and no spouses with nega- 
tive attitudes toward their working, were more 
mobile. 

Oz the variables that were significant in the 
regression, three were supply-side variables: 
the spouse's negative attitude toward the fe- 
male agricultural economist's working, rela- 
tives’ negative attitudes, and the lack of role 
models. Two were demand-side variables: the 
employer's lack of perception of the female 
agricultural economist' s potential and the em- 
ployer's undue interest in family affairs during 
female economist's interviews (indicative of 
the employer's thinking). One, the number of 
gaps in the female agricultural economist’s 
work history, would suggest a lesser acquisi- 
tion of human capital, which would tend to 
resul: in salary levels lower than they might 
otherwise be. 

The two significant variables that were un- 
expectedly associated with less, rather than 
more, discrepancy in salaries were relatives' 
negative attitudes and the employer's asking 
an undue number of questions about family 
affairs during the interview. The first may 
simply not be very important to the women. 
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The second may be rational on the part of the 
employer assessing the commitment of 
younger women, but it is discriminatory and 
illegal. Its apparently not resulting in a greater 
salary discrepancy is an interesting finding. 

The evidence, although in the case of the 
regression results it is only suggestive because 
of the small size of the sample, indicates that 
attitudes. of both the males and the females and 
the difference in human capital do result in 
differences in salaries per year since comple- 
tion cf ће requirements for the highest de- 
gree. Tke main impact of these factors is on 
younger female agricultural economists. Mar- 
ried female agricultural economists have more 
barriers то advancement than single female ag- 
ricultura! economists. But barriers are falling. 
Fewer younger female agricultural economists 
report encountering the ‘‘barrier indicators" 
considered ir this analysis. Finis Welch's 
thesis mzy be correct. Each cohort in a minor- 
ity group tends to encounter fewer barriers 
than the one preceding it, but it would seem 
the older women in the matched sample of 
female and male agricultural economists ad- 
vanced faster than the males despite the bar- 
riers. The positive discrepancy for the older 
womer could be accounted for by the pre- 
sumption that Zoloth suggested: the older 
women had to be outstanding to overcome the 
higher barriers they faced. Kushman sug- 
gested they may have benefited from their 
scarcity in light of affirmative action pressures 
and their proven track records. In conclusion, 
there appear to be different supply and de- 
mand curves not only for male and female 
agricultural economists but for younger and 
older women among the female agricultural 
economisis. 
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Perceptions, Attitudes, and Risk: Overlooked Vari- 
ables in Formulating Public Policy on Soil Conserva- 
tion and Water Quality. Lee A. Christensen, presi4- 
ing (ERS/University of Georgia), Peter Nowak (Iova 
State University), Webb Smathers (University ef 
Georgia), John Miranowski (Iowa State University), 
and Pierre Crosson (Resources for the Future, 
David Ervin (University of Missouri), and Wesley 
Musser (University of Georgia). 

Nowak contrasted the traditionally held belief thzt 
wealthier farmers are more risk-prone and therefore 
more likely to adopt innovations with Cancien‘s 
thesis that the lower income groups are more recer- 
tive to adoption in the early stages of the diffusion 
process. He found Cancian's thesis to hold in the 
adoption of reduced-tillage systems. The risk- 
taking orientation associated with the early adop- 
ticn of an innovation usually associated with higher 
income groups is diminished by uncertainty and 
limited information. 

Miranowski discussed the inadequacies of budget 
analyses and linear programming models in -epre- 
senting the decision-making processes of farmers. 
These techniques generally ignore risk attitudes and 
human capital characteristics. Iowa farmers per- 
ceptions of the yield impacts of various tillage 
technologies were found to be consistent with re 
sezrch evidence, but there is great variation in their 
risk attitudes. 

Smathers addressed the disparity between actua 
and perceived attitudes of farmers toward ccnser- 
vation and water qualty practices. Conventiona- 
wisdom holds that there is a weak private incentive 
to invest in soil conservation and water quality im- 
prcvement practices. However, Georgia farmers 
were found willing to adopt technologies and man- 
agement systems which would reduce input use and 
risk. 

Crosson addressed the divergent interests of 
farmers and society on soil conservation and water 
quality. Farmers will not be nearly as sensitive to 
the off-farm damages of erosion as the public. Thus, 
where these damages exist there is a clear case for 
putlic intervention to reduce the damages. The ar- 
gument for societal intervention for preservation of 
soil productivity is less convincing. 


Issues in U.S./Soviet Blcc Agricultural Trade in the 
Eighties. James Jones, presiding (University of 
Idaho); David Schoonover (FAS USDA); Bob Jones 
(Purdue University); Steven Schmidt (University of 
Illinois); Dennis Conley (University of Hlinois); and 
Robbin Johnson (Cargil!). 

Discussants in the symposium reported on research 
dealing with various facets of U.S./Soviet bloc 
grain-marketing arrangements and trade relations 


under auspices of the NC-139 regional research 
project. 

Prospects of Soviet agricultural import require- 
ments іл the 1980s were surveyed. It was observed 
that the Soviets likely will remain an important 
buyer cf U.S. grain products for the foreseeable 
future. The bilateral grain agreement between the 
United States and the Soviets was appraised in 
terms cf its historical performance. Its value in 
facilitatng acquisition of information from the 
Soviets of their import intentions was noted. Possi- 
ble firm-level strategies of dealing with Soviet bloc 
purchasers through countertrade, technical assis- 
tance, znd other arrangements were raised. How 
successiully the Soviet bloc economies deal with 
their shortages of foreign exchange, and the course 
that poktical relations take with the West were 
noted ta be overriding considerations in shaping 
agricultural trade prospects. 


Econom Statistics for Agriculture: Current Direc- 
tions, CLanges, and Concerns. Richard Perrin, pre- 
siding (Morth Carolina State University), William 
Kibler (CRS USDA), Shirley Kalleck (Bureau of the 
Census), Gaylcrd Worden and John Berry (Office of 
Federal Statistical Policy and Standards), Glenn Nel- 
son (University of Minnesota), Bruce Gardner (Uni- 
versity of Maryland), and James Bonnen (Michigan 
State Un versity). 

Kibler reported on the current probability survey 
approacl used by SRS, including a description of 
sampling frames and sampling procedures for crop 
and livestock reports, and he described changes in 
the offing. Kaleck discussed the changes in enu- 
meration procedures between the 1974 and 1978 ag- 
riculture censuses and listed some changes to be 
made in the 1982 census. She then discussed census 
concerns for the future, especially the difficulties in 
describinz farm structure changes as farm-nonfarm 
linkages zontinue to change. Berry and Worden 
described sources of pressure on census and USDA 
statistical operations, including federal budget re- 
strictions and mandated reductions in respondent 
burden, and urzed the profession to organize so as 
to influence the changes that will occur. 

Nelson reviewed in some detail the changes in 
statistics made since the Price Spread Task Force 
report and concluded that the report was used in a 
construct: ve manner and that it had a significant 
impact. Gardner reviewed recommendations of the 
Task Force on Economic Indicators and concluded 
that ERS had responded wisely, but went on to list 
remaining probiems in the accuracy of some series 
and the meaning of some others. 

Bonnen poinced out several factors which have 
increased the value of economic statistics (deregu- 
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lation, formula funding, farmer information sys- 
tems) and urged the Economic Statistics Commit- 
tee to attempt a careful description of remaining 
data problems. The papers prepared for this sym- 
posium will be duplicated and made available 
through the organizers. 


Survey of Annual Outlook Information: 1981. John 
Ferris, presiding (Michigan State University), Gene 
Futrell (Iowa State University), George Hoffman 
(ESS USDA), Everett Nichols (North Carolina State 
University), Leonard Haverkamp (Wilson and Com- 
pany), James Cornelius (Oregon State University), 
and Dean Chen (Wharton EFA). 

The symposium was organized around the results of 
the fourth annual survey of AAEA members’ fore- 
casts of selected agricultural and economic data. A 
general summary of the 1981 survey results was 
presented by Gene Futrell. As with previous sur- 
veys, there did not appear to be any consistent 
forecast differences associated with the respon- 
dents' institutional affiliation, degree of outlook re- 
sponsibility, or the extent to which formal forecast- 
ing models were used. Hoffman presented the de- 
tailed survey results on forecasts of general eco- 
nomic and general agricultural data and expressed 
his view on the likely values for the various data. 
Similarly, survey results and comments on crops 
were presented by Nichols and on livestock and 
poultry by Haverkamp. This was followed by gen- 
eral discussion. 

Cornelius presented an analysis of the results of 
the three previous AAEA surveys of annual out- 
look information. Forecasting performance was 
evaluated for slaughter cattle, feeder cattle, hogs, 
corn, soybeans, and wheat. Near-term forecasts 
(for the current year) have been more accurate than 
far-term forecasts (for the following year). Forecast 
accuracy has also varied among commodities. Chen 
discussed the sources of forecasting errors and pro- 
cedures for decomposition of forecast error. He 
suggested that more consideration be given to the 
identification and measurement of the reasons for 
error in outlook forecasts. 


New Dimensions in Teaching Agribusiness Manage- 
ment, Farm Management, and Agricultural Policy. 
Duane G. Harris, presiding (Iowa State University), 
William D. Dobson (University of Wisconsin), Carl 
L. Pherson (California State University-Fresno), and 
R. G. F. Spitze (University of Illinois). 
This symposium discussed future challenges in 
teaching courses in agricultural economics and ag- 
ricultural business. Brief presentations were made 
by Dobson on agribusiness management, Pherson 
on farm management, and Spitze on agricultural 
policy. Then the audience divided into separate dis- 
cussion groups for each of the subject matter areas, 
to share teaching ideas. 

Dobson emphasized that good teaching in ag- 





Symposia 1033 


ribusiness management is highly labor intensive. 
Effective use of case studies can greatly enhance 
student learning, but such exercises require a sub- 
stantial commitment of faculty time, especially as 
class sizes continue to increase. 

Pherson suggested that future challenges in 
teaching farm management include meeting a grow- 
ing need for developing student expertise in the 
areas of labor management, credit management, tax 
management, and government regulation. He also 
argued that risk management and intergenerational 
transfers of farm ownership and control need more 
attention. 

Spitze stressed that three overall strategy issues 
arise in the teaching of agricultural and food 
policy—serving various levels of student academic 
maturity, selecting the subject matter content of our 
instruction, and developing an effective approach 
to teaching policy. 


Modeling Agriculture in the 1980s. Marvin Duncan, 
presiding (Federal Reserve Bank of Kansas City); 
Dean W. Hughes (Federal Reserve Bank of Kansas 
City); John B. Penson, Jr. (Texas A&M University); 
and Hovav Talpaz (Texas A&M University). 

This symposium examined three modeling efforts 
and the manner in which general economic and 
agricultural sector data are incorporated into these 
models. Womack's paper reports on the design and 
application of a sector econometric model that in- 
corporates supply and demand interaction among 
agricultural commodities. Particular attention is 
devoted to incorporation of relevant international 
economic data into the model. 

The Hughes-Penson paper outlines a general 
equilibrium model (GEM) and its application in 
valueing the incorporation of agriculture in a mac- 
roeconomic model. GEM captures the following 
important linkages with agriculture: producer-input 
supplier, farm output-retail food demand, balance 
of trade-exchange rates, government sector, and 
credit markets. 

The Talpaz-Penson paper addresses the design 
and application of general equilibrium optimization 
models emphasizing agriculture. The models dis- 
cussed utilize a quadratic input-output methodol- 
ogy, which relies on welfare economic theory, and 
are particularly useful for national and regional pol- 
icy analysis. 


The Implications for U.S. Agricultural Trade of En- 


` largement of the European Community and Future 


Developments in the Common Agricultural Policy. 
Stephen Magiera and John Dunmore, presiding 
(ERS USDA); Tim Josling (Stanford University); 
Gene Hasha, David Kelch, and Tham Truong (ERS 
USDA); Harold Riley (Michigan State University); 
Robert Thompson (Purdue University); and Alexan- 
der Sarris (University of California, Berkeley). 

The newest EC enlargement must be viewed within 
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the context of the Community's current budgetary 
crisis. The common agricultural policy (CAP) is 
ser.ously threatened by the expense of mounting 
agr-cultural surpluses. Rather than a radical re- 
structuring of the CAF, one is likely to see price 
restraint or restrictions on the quantities qualifying 
for CAP support, particularly milk products and 
cereals. The accession of important producers of 
Mediterranean products will exacerbate some of 
the CAP's problems and influence its evolution. 
Competition and budgetary problems will be 
heightened, particularly when Spanish and Greek 
olive oil come under the CAP. 

The ability of the new countries to take ful! ad- 
vantage of CAP regulations and aid depends on a 
number of factors—one of which is the formation of 
producer groups. In Spain, these groups are few in 
number and poorly organized in comparison to their 
EC counterparts. 

EC tariff reductions on new members' fruits and 
vegetable exports will lead to a sizeable expansion 
of tkeir sales to the EC. However, the enlargement 
impact will be small compared to overall trends in 
world trade. U.S. cottor. exports could expand be- 
cause of the abolition of Greek and Spanish tariffs 
and 5ecause of the greater restrictions imposed on 
EC textile imports negoziated under the new mul- 
tifiber arrangement. 

Erlargement could have a substantial impact on 
livestock production and feed demand in the new 
members. Corn and sorghum deficits, although con- 
tinuing, will increase at 2 much slower расе. U.S. 
soybean exports will continue to expand because of 
the elimination of Spanish soybean tariffs. 


Agricultural Transportation in Transition: Issues 
and Policy. Forrest Stegelin, presiding (University of 
Florida); Ken Casavant (Washington State Univer- 
sity); Marc Johnson (North Carolina State Univer- 
sity; Lowell Hill (University of Illinois at 
Champaign-Urbana); and Stephen Fuller (Texas 
A&M University). 

The role of transportation is to facilitate agriculture 
and the consumer, not to reinvent the wheel. Ag- 
ricult;iral transportation is characterized as ап 
intermediate service (a total derived demand), play- 
ing a sensitive role in establishing the quality of 
competition among both firms and regions, and a 
geopolitical phenomenon (not just economic) hav- 
ing an enormous proportion of overhead in total 
cost. Traditional issues include the competition (or 
lack thereof) between modes, the stability and per- 
formance of exempt carriers, short-haul versus 
long-haul performance, and the cost economies zs- 
sociated with existing managerial expertise. Rela- 
tively new issues include the costs and availability 
of energy, truck weight and length restrictions, rail 
car shortages, intermodal arrangements, backhauls, 
highway user fees (cost responsibility by size), 
waterway user charges, locks and dams, seasonal 
rates, storage and export facilities, managerial o»- 
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porturity costs and imperfect knowledge, and re- 
regulatiom. Welfare theory and the recovery of public 
investmeat, potential regulation (inconvenience 
versus in2fficiency), and deregulation are the likely 
issues ала policies forthcoming in agricultural 
transportation. 


Microcom puter Applications: Hardware, Software 
Documen-ation Professional Reward, and States’ Ac- 
tivities. James М. McGrann, presiding (Texas A&M 
University), Gordon A. Rowe (University of Califor- 
nia), Steven C. Griffin (Texas A&M University), and 
Ernest Bentley (Virginia Polytechnic Institute and 
State Uni~ersity). 

This symposium discussed microcomputer hard- 
ware, operating system and language trends, pro- 
gram documentation and software evaluation, and 
professioral evaluation and recognition for com- 
puter soft vare development. Individual state activ- 
ities were presented by participants. 

Noncompatibility of microcomputer hardware, 
operating systems, and languages is a problem fac- 
ing microcomputer users. Rowe stated that the 
CP/M cpecating system is increasingly accepted as 
an industry standard. Standards have been devel- 
oped for the S-100 bus microcomputer svstems but 
not for :ntegrated systems like TRS-80, Pet, or Ap- 
ple. Structured features for new versions of BASIC 
and standards to discourage incompatibilities to 
protect competitive positions of manufacturers can 
be expected. 

Griffin ciscussed the problem of lack of user 
manuals end cocumentation of microcomputer 
software. Minimum requirements were specified for 
documentation and manuals. A check list is pre- 
sented to <acilitate software selection and evalua- 
tion for farmers and ranchers. 

Bentley moted that agricultural economists have a ` 
new media to disseminate their research and educa- 
tional programs through microcomputer software. 
Means to »rovide evaluation and peer review of 
software must be found to gain recognition by 
administrators fcr the professional activity in de- 
velopment >f software. Bentley suggests a journal 
of agriculture soctware be developed. 


Developmert and Application of Cooperative Theory 
and Meascrement of Cooperative Performance. 
Randall E. Torgerson, presiding (ACS USDA), 
George Ladi (Iova State University), Jeffrey Royer 
(ACS USDA), John Van Sickle (University of 
Florida), and Mahlon Lang (Purdue University). 

Papers pres2nted on cooperative theory were origi- 
nal approaches based on cooperative objectives. 
Ladd survers pas: theoretical and empirical work in 
zhe context of coaperatives’ objective functions and 
3ynthesizes one that recognizes both the interests 
3f members on the farm and in the cooperative. In 
30 doing, he advocates the use of mathematics to 
carry out informative institutional economics. In a 
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means-end hierarchy of goals, Ladd argues that a 
cooperative’s highest-level objective is maximiza- 
tion of members’ net revenue, or more precisely, 
maximization of present value of members’ net rev- 
enue. - 

Royer presented a model for the short-run рго- 
duction and pricing decisions of cooperative as- 
sociations. The model was compared graphically to 
earlier works by Phillips and by Helmberger and 
Hoos. 

Van Sickle reviewed cooperatives’ treatment 
under the various tax laws and presented a model of 
the financial structure of cooperative associations. 
This model essentially adopts that presented by 
Royer in developing a theory of cooperative finan- 
cial structure. 

Lang summarized results of comparative perfor- 
mance studies of cooperatives and noncooperative 
firms. The study found that cooperatives provide 
more marketwide and producer services than do 
noncooperative firms. They also provide farmers 
with a greater sense of control over their destinies 
and more market security. Aside from these fac- 
tors, no dramatic difference in the performance of 
cooperatives and noncooperative firms were re- 
ported. 


Economic Modeling Inputs to Pesticide Regulatory 
Decisions: Comparison of Alternative Models. Ar- 
nold L. Aspelin (Office of Pesticide Programs, U.S. 
Environmental Protection Agency) and Earl R. 
Swanson, presiding (University of Illinois), Klaus F. 
Alt (ESS USDA), Fred T. Arnold (Data Resources, 
Inc.), Glenn S. Collins (Texas A&M University), 
Dennis C. Cory (University of Arizona), Lewis 
Daugherty (University of Arizona), Earl O. Heady 
(Iowa State University), Wen-yuan Huang ‘ESS 
USDA), Roger A. Selley (University of Arizona), 
C. Robert Taylor (Montana State University), Sue 
Webb (Iowa State University), Edward Weiler 
(Office of Pesticide Programs, U.S. Environmental 
Protection Agency), and Thomas Yost (administra- 
tive law judge, U.S. Environmental Protection 
Agency). 

Several months prior to the symposium, four differ- 
ent modelling groups were'asked to estimate the 
economic impact of cancelling the registration of a 
hypothetical pesticide used on soybeans in 
twenty-five states. Results from four models were 
presented: (а) AGSIM, a regionalized econo- 
metric-simulation model developed by Collins 
and Taylor, (b) the NRED-CARD Hybrid model 
developed at Iowa State University, (c) the 
DRI (Data Resources, Inc.) econometric model of 
U.S. agriculture and the DRI macromodel of the 
U.S. economy, and (d) a simplified supply/demand 
model developed at the University of Arizona. 
Each of the four estimates of total average annual 
impact was divided into its impact on consumers 
and on producers. Although the estimates of total 
impact from three of the four analyses were re- 
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markably similar, there were substantial differences 
among models in the allocation of the impacts be- 
tween consumers and producers. In his comments 
on the results, Yost emphasized the importance of 
using basic economic logic and removing economic 
jargon from reports to be used as testimony in the 
regulatory process. 


Industry, Government, and Academic Perspectives 
on Research Priorities in Agricultural Marketing. 
Clement E. Ward, presiding (Oklahoma State Uni- 
versity), Timothy M. Hammonds (Food Marketing 
Institute), Allan B. Paul (ERS USDA), Richard G. 
Heifner (AMS USDA), and J. Bruce Bullock (Okla- 
homa State University). 

Performance of the food-marketing system is being 
increasingly questioned. Symposium participants 
discussed the adequacy of agricultural marketing 
research in answering these questions. 

Agricultura! economists have become quantita- 
tive historians and are not addressing fundamental 
economic issues. Industry economists believe the 
Journal contributes to the image that agricultural 
economics research is irrelevant to the business 
community. Research focusing on increased pro- 
ductivity in the food distribution system is needed. 

Government economists are faced with a broad 
array of problems. Research needs include intangi- 
ble marketing functions. For example, research is 
needed on the proper role of government, e.g., 
cost-benefit analyses of government services and 
institutions and the optimal level of government to 
maintain competition. 

Much of the agricultural marketing literature sug- 
gests our food-marketing system is inefficient. Rel- 
evant questions are whether a feasible alternative 
industry structure could provide more net con- 
sumer welfare without increasing resource use. 
More attention is needed conceptualizing how mar- 
kets behave in a dynamic, uncertain environment. 


Agricultural Economics in China. R. J. Hildreth, 
presiding (Farm Foundation), Reed Hertford (Ford 
Foundation), Peter Calkins (Iowa State University), 
Larry Connor (Michigan State University), Delane 
Welsch (University of Minnesota). 

Agricultural economics in China is undergoing a 
rebirth. All teaching and research in agricultural 
economics ceased in China during the cultural revo- 
lution. In 1976, China's new leadership revived the 
profession to foster more effective management of 
agriculture. : 

The demand for agricultural economists appears 
large, relative to supply. The Agricultural Econom- 
ics Society has a membership of about 1,000, which 
may also be a good estimate of the number of senior 
economists. 

Plans call for doubling undergraduate enrollment 
by 1985 from the 2,600 now enrolled. Several ag- 
ricultural colleges and universities have been desig- 
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nated key point schools and have priority in teack- 
ing staff, teaching materials, and students. Probably 
no more than 50 agricultural economists are ргез- 
ertly receiving graduate education in China. 

Possible AAEA activities to help reinvigorate ag- 
ricultural economics in China, perhaps thrcugh a 
special committee, include: back-stop assistance 
. for the Chinese Agricultural Economics Society; 
invite the Chinese to review AAEA's activities; 
make the exchanges between the U.S. and China m 
agricultural economics flow both directions; and 
provide publications to help rebuild agriculture] 
economics libraries. 


Embargoes Evaluated. Gary L. Seevers, presidin2 
(Goldman, Sachs & Co.), Ted Rice (Continentzl 
Grain Company), Tim Josling (Stanford University', 
and Dale Hathaway (Consultants International). 
Tte panel reviewed the consequences of four '*en- 
bargoes": 1973, 1974, 1975, апа 1980. The first 
three were based on actual or perceived short- 
supply situations; the fourth on political grounds. 
The first applied to all countries; the last three werz 
directed primarily at the USSR. 

Josling provided a classification system. The four 
embargoes would fall in at least three different car- 
egories. 

Although each embargo has been unique, al 
share the following attributes: (a) Embargoes arz 
disruptive and add uncertainty to all parties. 
(b: While the immediate result has been to depress 
U.S. grain prices, the impact on volume of world 
grain trade has been minimal because grain is fung- 
ble. (c) Longer-term adverse consequences ma; 
have been exaggerated, but one bas been greater 
reluctance by importers to become overly Ceper- 
dent on the United States for supplies. 

Most discussion was about the USSR embargo 
announced 8 January 1980. Hathaway said decr 
sions to invoke embargoes have been taken without 
regard to or without examination of technical ana- 
ys:s of either their effectiveness or their domestiz 
and international consequences. In brief, embar- 
goss have been made for political rather than ecc- 
nomic reasons. 

Embargoes were considered undesirable. Ways 
to avoid short-supply embargoes were suggested. 
Nevertheless, panelists agree that embargoes wer2 
likely to occur again. 


United States Agricultural Transformation and the 
State: Alternative Perspectives on Emerging Con- 
tredictions and the Continuing Crisis. Christopher 
Feise, presiding (King County, Washington, Cc- 


operative Extension), David Holland (Washington 


State University), Phillip LeVeen (Public Interest 
Economics, West), Darrel McCleod (University cf 
California, Berkeley), and Margaret Andrews (Rut- 
gers University). 

Ttree overlapping subject areas were given atter- 
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tion: (a) the role of the state and the problems it 
faces at it attempts to resolve the contradictions 
associated with the current stage of advanced 
capitalism; (P) interrelations between agricultural 
export policv, food price inflation, wages, and 
changes in real output; (c) the dynamics of agricul- 
tural structural change and the implications for 
changing class and political locations in the rural 
population. 

Ons tasic theme was that the ‘‘market-(export) 
oriented’ approach to food policy, while fulfilling 
the promise of expanded markets and increased 
exchenge earnings, has simultaneously resulted in 
the devslopment of greatly increased food price 
instabili:y. The role of food price changes in affect- 
ing industrial sector wages, industrial profits, rates 
of indus-rial productivity growth, and monetary and 
fiscal pclicv was discussed. 

An additional major topic was the changing class 
location of the agricultural population emphasizing 
the imp'ications for political alignment. It was ar- 
gued that the main feature of U.S. agricultural 
structural chenge has been the decomposition of 
independent commodity production (family farm- 
ing) into one of three major categories: wage la- 
borer, part-time farmer, or capitalist farmer. 

The social base for populist politics in rural areas 
is disappearing as capitalist farming increasingly 
dominatss agriculture. Part-time farming, while oc- 
cupying a contradictory class location, appears to 
be obscuring the contradictions of agricultural 
structural change. 


Extension Programs That Work: Some Real World 
Examples. Gerald Campbell, presiding (University of 
Wiscons n, Madison), Richard Barrows (University 
of Wisconsin, Madison), Gerald Doeksen, and James 
Nelson (Oklahoma State University). 

Barrows discussed his public policy education pro- 
gram on rural land use policy. He employed a vari- 
ety of educat:onal methodologies and materials in 
the different stages of problem identification, dis- 
cussion of policy options, state and local govern- 
ment choice, and program implementation and re- 
view. H:s clientele included farmers, farm and envi- 
ronmental organizations, the Wisconsin State Sen- 
ate and Assembly, the Wisconsin Department of 
Agricult are Trade and Consumer Protection, and 
other state agencies. Barrows and his students de- 
veloped a research base on farmland preservation 
programs, and he worked closely with legislative 
enactment of the Farmland Preservation Program. 
Barrows was on part-time leave as the initial ad- 
minis:razor of the program. 

Doeksen and Nelson emphasized the importance 
of direc: contact with clientele groups in problem 
identification. They emphasized that their 25% re- 
search appointments allowed them to generate the 
bulk of :he needed research. Doeksen and Nelson 
reported on programs in community service, eco- 
nomic cevelopment impacts, and taxes. Primary 
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clientele groups were local governing boards and 
operations personnel for towns, counties, and spe- 
cial districts. Their program has produced well over 
100 local community reports. 


Local Government Service Provision in Nonmet- 
ropolitan Areas. Brady J. Deaton, presiding (Vir- 
.ginia Polytechnic Institute and State University), 
Paul Gessaman (University of Nebraska), Judith N. 
Collins (EDD ESS USDA), and Paul W. Barkley 
(Washington State University). 
Each emphasized the need for rural communities to 
be understood as institutions by both researchers 
and decision makers. Gessaman charged that the 
profession has not sustained its commitment to 
community services research. He presented a 
model for minimizing the conceptual difficulties of 
output measurement and borrowed concepts from 
activity analysis to guide researchers. 

Collins related trends in local government finan- 
ces to changes in income, population, and debt 
of various size communities. Rural governments 
depend more heavily than urban areas on local 
property taxes and user charges. ‘‘Revenue effort” 
has recently declined in metropolitan areas and to 
an even greater extent in rural counties adjacent to 
SMSAs. 

Barkley stressed the inherent conflicts among the 
concepts of efficiency, equity, and institutional re- 
form as applied to community services. Attempts to 
base policy on these concepts may run counter to 
policies designed to promote a sense of ‘‘commu- 
nity” based on small-scale, geographic restrictions 
and local control. 


The New Agricultural and Food Policy—Status Re- 
port. Robert G. F. Spitze, presiding (University of 
Illinois), Hazen F. Gale (U.S. Department of Trea- 
sury), Kenneth C. Clayton (ERS USDA), Wayne A. 
Boutwell (Staff Economist, Senator Cochrane), 
Harold D. Guither (University of Illinois), and Daryll 
E. Ray (Oklahoma State University). 

New public agricultural and food policy is being 
developed to succeed the terminating Food and Ag- 
riculture Act of 1977. This follows the evolutionary 
path of price and incame policy initiated in 1929. 
The new policy will be important to producers, 
consumers, traders, agribusinesses, and rural com- 
munities. This symposium provided an oppor- 
tunity for agricultural economists to hear from pol- 
icy workers close to the decision making but from 
different vantage points, about the issues, partici- 
pants, and likely directions. 

Gale stressed the high priority given to budgetary 
considerations in all policy decisions. Clayton con- 
curred and expanded the theme about how the new 
budget process and ‘‘budgeteer’’ staffs had shifted 
the dialogue from program content to costs, per- 
haps to occur annuallv. Boutwell recounted similar- 
ities with past congressional hearings, counselled 
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agricultural economists to be more active in policy, 
and identified problems for research. 

Guither summarized the views of a sample of 
farmers in ten states, finding their preferences gen- 
erally expressed in the new policy. Ray's evalua- 
tion of the primary future policy problems included 
finding instability issues becoming more intense and 
structural issues becoming dormant. 


How Can the International Committee of AAEA Ex- 
pand Its Service to the Agricultural Economics Pro- 
fession? Darrell F. Fienup, presiding (Michigan State 
University), Arthur J. Coutu (North Carolina State 
University), James P. Houck (University of Min- 
nesota), and Morris D. Whitaker (BIFAD and Utah 
State University). 

“The basic concern of this symposium focused on 
ways and means by which the AAEA International 
Committee can help strengthen the capabilities of 
the agricultural economics profession in develop- 
ment work. There is particular need to increase the 
participation of young U.S. professionals in inter- 
national development research and training ac- 
tivities in both the U.S. and abroad. 

One proposal would create a new discipline- 
.oriented institutional structure that might be or- 
ganized by the AAEA International Committee to 
serve as a contracting. granting, and implementing 
agency for international training, research, and 
overseas technical assistance. Projected benefits 
would derive from a more focused approach to de- 
velopment issues and more effective utilization of 
talents available. Constraints include long-term 
funding for a core budget and potential conflicts 
with existing institutions that employ internation- 
ally oriented agricultural economists. 

The International Committee, as presently or- 
ganized, should give greater support to communica- 
tion and interaction among younger U.S. and LDC 
professionals. Seminars and workshops, like those 
sponsored under ADC/RTN, were considered an 
important activity for professional interaction. The 
need for more research opportunities in develop- 
ment, especially small grants for Ph.D. thesis re- 
search, was emphasized. Communication about 
existing sources of funds needs improvement. Es- 
tablishment of better linkages with the International 
Research Centers, BIFAD, AID, ISEC, etc., 
should help to promote shared objectives as well as 
improve international opportunities for AAEA 
members. 


Socioeconomic Factors Affecting Rural Land Use. 
Gerald Cole, presiding (University of Delaware), Greg 
White (University of Maine), Dale Colyer (West Vir- 
ginia University), Bruce Lindsay (University of New 
Hampshire), and Nelson Bills (USDA ESS). 

Discussion centered around the sampling proce- 
dure, methodology, and hypotheses tested for a 
survey of over 1,600 rural landowners in nine 
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Nertheast states in 1979 and 1980. The central hy- 
pothesis of the study was that attitudes and views of 
growing numbers of nonfarm rural residents can 
significantly affect land-use policies and decisions. 

White discussed sampling procedure and survey 
design. The sample was based on population 
growth and density by county in the northeastern 
states for the period 1970—76. The questionnaire 
was designed to cbtain a socioeconomic profile of 
the owner/user, basic information about land own- 
ership and use, and gathered responses on a range 
of attitudinal variables. 
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Colyer described the owner characteristics and 
reasons for awning land. Lindsay briefly sum- 
marized the empirical results of the study and re- 
lated the results to existing land-use regulations in 
the nortkeaste-n states. Owners who do not expect 
land-use changes in the next five years represent 
the highest proportion in support of land-use regula- 
tions. 

Bills compared the USDA national land-use sur- 
vey resuts with those obtained in the Northeast 
and ncted a hizh degree of similarity between the 
two studies for the Northeast region. 


Selected Papers 


Irrigation Policy and Practice (Harry Ayer, NRED 
ESS USDA/University of Arizona, presiding) ' 


‘Irrigation Scheduling in the Oklahoma Panhandle 
Using Stochastic Dominance Theory." (Thomas R. 
Harris and Harry Р. Mapp, Jr., Oklahoma State 
University) 

Irrigated production in the Oklahoma Panhandle 
has increased significantly during the past three de- 
cades. However, the source of groundwater is de- 
clining and the cost of fuel is increasing. Proposed 
irrigation technologies which use less water and 
fuel are evaluated by stochastic dominance analysis 
for possible adoption by irrigated producers. 


“Economic Impacts from Regulating Groundwater 
Use." Dorothy A. Comer (University of Florida) and 
Raymond J. Supalla (University of Nebraska) 
Groundwater mining has become a critical issue in 
several areas. This study uses a recursive linear 
program linked directly to a hydrologic model to 
evaluate how groundwater use regulations would 
impact on farm income in Nebraska. Findings indi- 
cate that it is possible to significantly extend aquifer 
life, without substantially reducing farm income at 
either the firm or the regional level. 


“Optimal Groundwater Mining in the Ogallaia 
Aquifer: Estimation of Economic Loss and Excessive 
Depletion Due to Commonality." Kun C. Lee, 
Cameron Short, Earl O. Heady (Iowa State Univer- 
sity) 

The optimal rates of intertemporal and within-group 
groundwater mining in the Ogallala Aquifer are es- 
timated for the year 1985 to 2005. Economic losses 
and excessive depletion due to commonality and 
economic life of the aquifer are measured under 
alternative levels of energy and crop prices. 


“Motivating Adoption of Best Management Prac- 
tices: Implications for Cost Effectiveness." Donald 
G. Killingsworth and Scott C. Matulich (Washington 
State University) 

The traditional cost effectiveness framework was 
broadened to incorporate some key motivations 
underlying the adoption of erosion control practices 
in irrigated agriculture. Selected financial factors 
were found to be important determinants of adop- 
tion. Failure to incorporate such factors promotes 
overestimation of cost effectiveness, improper 
ranking of BMPs, and ultimately faulty policy pre- 
scriptions. 


Modelling (Larry Salathe, NWS ESS USDA, presid- 
ing) 


**Modeling and Testing for Jointness in Agricultural 
Production." C. Richard Shumway and Rulon D. 
Pope (Texas A&M University), and Elizabeth K. 
Nash (University of California, Berkeley) 
Allocatable fixed factors, e.g., land, must be added 
to the traditionally regarded causes of jointness in 
agriculture. Their presence also necessitates 
multiple-preduct systems for modeling product 
supply and factor demand. In other important 
ways, however, their analytical implications are 
very different from other causes of jointness. 


“Use of Stochastic Simulation to Value Improved 
Crop Forecast Information." Duane L. Marquis 
(FAS USDA) and Daryll E. Ray (Oklahoma State 
University) 

Consumer and producer surplus is used with the 
National Agricultural Policy Simulator (POLYSIM) 
to estimate the value of improved crop forecast 
information. For the three supply-demand scenarios 
evaluated—excess, tight, and fluctuating—the net 
domestic value of improved information is posi- 
tive ($512 and $73 million) for the latter two situa- 
tions. 


*'Tatonnement Modelling: A Variation to Linear 
Programming.” Burton C. English, Cameron Short, 
and Earl O. Heady (Iowa State University) 

An iterative solution incorporating demand equa- 
tions and on national interregional linear pro- 
gramming model is explored. Conditions for stabil- 
ity are found and comparison of an iterative solu- 
tion process and a fixed demand solution is made. 
The iterative process used in the analysis allows the 
model to adjust demand levels when the supply 
curve shifts as a result of increased production 
costs. 


** Agricultural Price Expectations: An Erroneous, but 
Better, Approach to Measurement." Robert D. 
Weaver (Pennsylvania State University) 

The subjective, market-level expectation of price is 
an unobservable which at best can be measured 
with error. The usefulness of the past and current 
cash prices and futures prices are considered. An 
errors-in-variables model of price expectations is 
introduced and applied in a model of U.S. aggregate 
soybean supply. 


* Demand, Supply, and Price of Hardwood 
Lumber." William G. Luppold (U.S. Forest Service) 
and Joseph Havlicek, Jr. (Virginia Polytechnic In- 
stitute and State University) 
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A cobweb model with causal flow originating from 
the demand relationship is used to analyze the ef- 
fects of exogenous variables on quantity and price 
of hardwood lumber. Wage rate; interest rates, 
stumpage price, lumber exports, and price of 
lumber demanders' output were the major factors 
influencing quantity and price. 


Grain Policy (Edward W. Tyrchniewicz, University 
of Manitoba, presiding) 


“Modeling Acreage Response in a Controlled but 
Uncertain Market." Robert G. Chambers (Univer- 
sity of Maryland) and Richard E. Just (University of 
California, Berkeley) 

A method is developed for modeling acreage re- 
sponse subject to acreage quotas is developed and 
applied to the case of wheat. The model assumes 
expected utility maximization and empirical analy- 
sis -s based on the indirect expected utility function 
and limited dependent variable analysis. 


“An Economic Analysis of the Effects of Commodity 
Program Options on the Financial Position of Rep- 
resentative Indiana Crop Farms." Mark A. Edel- 
man, Marshall A. Martin, and Timothy G. Baker 
(Purdue University) 

Financial positions of four Indiana crop farms were 
analyzed with an annualized LP model. Commodity 
programs that distribute payments based on the 
volume of production did not differentially 
influence income, net worth, and risk exposure 
across farm size. Furthermore, program options 
had less impact on farm growth than firm-level in- 
vestment decisions. 


“Less U.S. Government Intervention in Corn and 
Soybean Markets: An Analysis of Program Alterna- 
tives.” Marshall A. Martin (Purdue University) and 
Mark A. Edelman (South Dakota State University) 
Cora and soybean тагхеіѕ were analyzed with a 
muliperiod, stochastic simulation model. Elimina- 
tion of current farm program provisions (deficiency 
payments, farmer-owned reserves, and CCC opera- 
tions) increased price levels and variation but sub- 
stantially reduced U.S. Treasury costs. Elimination 
of deficiency payments reduced U.S. Treasury 
costs by one-third but did not affect price behavior. 


**Es-imating the Effect of Government Programs оп 
the Supply of Wheat in the United States." Bernard 
F. Neenan (Solar Energy Research Institute) and 
David Blandford (Cornell University) 

Acreage functions for wheat, incorporating vari- 
ables that reflect the value of voluntary acreage 
diversion programs to producers, are estimated for 
1962—76. The elasticities of response to such pro- 
grams are generally low in comparison to those for 
market price, indicating that the reduction of pro- 
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duction through voluntary diversion is relatively 
expensive. 


Fruits апі Vegetables (Ed Jesse, NED ESS USDA, 
presiding” 


‘An Intraseasonal Model of the California Lettuce 
Industry.” Sophia Wu Huang (IED ESS USDA) 
An intraseasonal model of the California lettuce 
industry; consisting of four seasonal models with 
nine equétions for each season, is developed and 
estimated. Some static and dynamic properties of 
the estimated model are analyzed. 


“Flexible Postharvest Marketing Strategies for Pinto 
Beans." Е. P. King and D. W. Lybecker (Colorado 
State University) 

A model designed to identify optimal postharvest 
marketing strategies for pinto beans is presented. 
Both fixec and flexible strategies are evaluated. The 
flexible strategies use current market information 
monthly tə determine whether or not storage should 
be continued. They clearly outperform fixed strate- 
gies for a risk-neutral decision maker. 


“The Ma-ket for Winter Tomatoes: A Rational Ex- 
pectations Interpretation." J. Scott Shonkwiler and 
Robert D. Emerson (University of Florida) 

A model of the Florida tomato industry is formu- 
lated under the hypothesis that growers make pro- 
duction decisions as rational economic agents. This 
assumpticn imolies that anticipated Mexican to- 
mato imports as well as other economic variables 
are taken into azcount when the planting decision is 
made. Meximum likelihood estimation methods are 
used to solve ће simultaneous equations model, 
and the implications of the model’s reduced form 
are analyzed. 


“Specifying a Weekly FOB Price Equation for Fresh 
Florida Limes." Robert L. Degner and J. Scott 
Shonkviler (University of Florida) 

Weekly data are analyzed to determine the relation- 
ship of Horida fresh lime prices to Florida lime 
shipments and Mexican fresh lime imports. A dy- 
namic reg-ession or transfer function model is spec- 
ified for the lime price series. The identified and 
estimated transfer function models are found to 
correspond closely, and they highlight the pro- 
nounced effect 5f Mexican lime imports on Florida 
fresh lime prices. 


Food Stamps and Other Food Programs. (Jean Kin- 
sey, University əf Minnesota, presiding) 


“Food Af Disincentives and Economic Develop- 
ment: Some Reconsiderations in Light of the Tuni- 
sian Experience." Mesfin Bezuneh and Brady J. 
Deaton (Virginia Polytechnic Institute and State 
University? 
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The disincentive effects of total food assistance on 
the Tunisian economy were analyzed using simul- 
taneous equations. The analysis showed that no 
significant price disincentives were evident. The 
authors attributed these results to effective gov- 
ernment pricing policy combined with a strong posi- 
tive relationship between food aid and per capita 
income. 


“The Food Stamp Program as a Categorical Grant: 
Impact on Participation and Costs." Kathryn A. 
Longen and Barbara A. Claffey (NED ESS USDA) 
The expiration of the Food and Agriculture Act of 
1977 in September 1981 suggests debate regarding 
the funding and operation of the food stamp pro- 
gram. In the past, proposals for a categorical or 
block grant approach to food assistance have been 
considered in Congress. This report provides an 
analysis of changes in benefits and participation 
under conversion to state administration of a feder- 
ally funded food stamp program. 


“Predicting the Direct Benefits of a Food Price Re- 
porting or Preference Changing Program." W. H. 
Lesser and W. K. Bryant (Cornell University) 

A method is developed for estimating returns 
to food price reporting and store selection 
preference-changing programs. The approach is 
demonstrated by an example. While the estimated 
return to preference changing is small, the direct 
savings for price reporting can be substantial. Fur- 
ther replications are required to verify these results. 


“Evaluation of Food Consumption Programs: A New 
Approach." Donald A. West, Leon J. Hunter, and 
Charlotte B. Travieso (SEA USDA) 
Microsimulation modeling allows the effects of food 
programs and changing socioeconomic and demo- 
graphic characteristics on household food consump- 
tion to be estimated тог future time periods. The 
paper presents the methodology, data base, and 
specifications needed to develop a framework for 
assessment of current and proposed food and nutri- 
tion programs. 


Energy Demand Issues (George Norton, Virginia 
Polytechnic Institute and State University, presiding) 


“Efficiency and Equity Aspects of the Solar Tax 
Credit and the Role of the Applied Economist." 
Robert Procter (Michigan State University) 
Simulation results are used to argue that the federal 
solar tax credit violates both the equity and 
efficiency criterion stipulated by tax theory. We 
also argue that the efficiency criterion does not 
provide a useful decision criterion in policy analysis 
because such policies cannot be used to internalize 
externalities. 


“Profit Volatility and Water-Energy Demand Elas- 
ticities in Citrus Production. Gary H. Wilkowske 
and Gary D. Lynne (University of Florida) 
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The demand for energy and irrigation water by the 
Florida citrus industry is shown to be relatively 
inelastic for energy price increases upward to 
300%. As expected, product price increases have a 
more dramatic effect on profit than do energy price 
increases. A small product price increase can easily 
offset a much larger increase in energy prices. 


**Economic and Energy Savings from Cogeneration: 
The Case of Surface-Heated Greenhouses.’’ John B. 
Braden, Sheryl S. Lazarus, and Paul N. Walker 
(University of Illinois) 

Heating greenhouses by applying waste-heated 
power plant cooling water to the outside surface 
could yield natural gas savings of up to 640 million 
therms and net present value (1980) savings of up to 
$2.8 billion for the continental United States. 


“Ап Empirical Investigation of the Rural Coopera- 
tives’ Residential Demand for Electricity." Ruth J. 
Maddigan, Wen S. Chern, and Colleen A. Gallagher 
(Oak Ridge National Laboratory) 

This study examines the Rural Electric Coopera- 
tives’ residential demand for electricity using a 
simultaneous-equation, partial-adjustment model. 
The structural equations are estimated using re- 
gionally pooled state-level, cooperative-specific 
data for the period 1969 to 1977. The results indi- 
cate substantial variability among regions in re- 
sponse to changing prices, income, and weather 
conditions. 


Rural Development: LDCs (Eric Monke, University 
of Arizona, presiding) 


“The Farm-Level Impact of Animal Draft Power: 
Survey Results from Upper Volta." Eric Crawford, 
David Wilcock, and Gregory Lassiter (Michigan 
State University) 

Based on a 1978/79 survey in eastern Upper Volta, 
the paper examines the impact of animal traction on 
area cultivated, cropping pattern, yields, labor use, 
income, and cash flow. Potential returns to animal 
traction over time are summarized, and reasons for 
the gap between current and potential performance 
are analyzed. 


“Tests For Relative Efficiency By Farm Size and 
Tenure Status of the Main Rice Crop in 
Bangladesh.” Richard F. Nehring (ED ESS USDA) 
A restricted profit function is used to estimate profit 
and factor demand functions from farm level 
cross-sectional data for the main rice crop in 
Bangladesh. Analysis indicates that large and small 
farms are equally efficient and that owners are more 
efficient in a price and technical efficiency sense. 


*Small Farmer Loan Repayment Performance in 
Nepal." Krishna H. Maharjan (Agricultural Devel- 
opment Bank, Nepal), Chesada Loohawenchit 
(Thammasat University), and Richard L. Meyer 
(Ohio State University) 
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Study revealed that loan supervsion and collectior 
were the most important variables explaining ag- 
ricultural loan repayment behavior by small farmers 
in Nepal. Most studies categorize repayment fac- 
tors into ability and willingness of farmers to repay. 
Wilingness to collect and other institutional prob- 
lems may be more important in many credit pro- 
grams. 


*Impact on Rural Inequality of Promoting Rural 
Norfarm Activities: Evidence from Sierra Leone.” 
Doyle C. Baker (Michigan State University) 

This paper reviews evidence from Sierra Leone 
concerning the effect of promoting rural nonZarm 
enterprises on rural income disparities. The evi- 
dence indicates that policies promoting nonfarm en- 
terprises may have a limited impact on the incomes 
of poorer rural households and could, in fect, lead 
to ircreased rural income inequality. 


* A Comparative Method for the Collection of Labor 
Utilization Data for Secondary Crops: The Example 
of Cocoyam and Soybean Farming Systems Surveys 
in West Africa." Hendrik C. Knipscheer (Interna- 
tiona! Institute of Tropical Agriculture, Ibadan, 
Nigeria) 

Labcr input data for secondary crops in developing 
countries are generally unknown because of the 
high data collection costs. The comparative method 
is an inexpensive way of labor input derivation 
where literature research and field surveys are 
combined. The labor data of selected food staples 
serve as benchmarks for the estimation of the labor 
utilization for secondary crops such as cocoyam 
and soybeans. 


Farmland Purchase: Tax and Loan Considerations 
(Ivery D. Clifton, University of Georgia, presiding) 


‘The Decision to Buy or Sell Land Affected by Capi- 
tal Gains and Income Tax Progressivity. John T. 
Scott, Jr. (University of Illinois) 

A present value model estimates farmland price 
increases needed by investors in different tax brack- 
ets to 2quate land returns to an investment havirg 
higher current return but no change in nominal 
value. Higher bracket investors have greater advar- 
tage in land than low bracket investors. Also, infla- 
tion enhances this advantage. 


**Graduated Payment Schedules For Farmland Pur- 
chases.” Loren W, Tauer (Cornell University) 
Expectation of increasing returns from farmlanc 
results in a higher market price than if returns were 
expected to remain constant. At this higher price, 
farmland can self-liquidate its own debt only if the 
payment schedule matches the increasing income 
stream. Graduated debt payment schedules can be 
used to accomplish this. 
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* Customer Profitability Analysis and Farm Loan 
Pricing Ey Agricultural Banks." Peter J. Barry and 
Rick R. Schramm (University of Illinois) 
Profitabiity and pricing of farm loans by agricul- 
tural banks are analyzed. An empirical application 
to farra borrowers of an agricultural bank in Illinois 
indicates little relationship between customer 
profits amd lerding risk, liquidity risk, and other 
characteristics, thus showing strong potential for 
more effective loan pricing. 


*Shared Appreciation Farm Mortgages: Conse- 
quences Eor Borrowers and Lenders." David Lins 
(ESS USDL:A/University of Hlinois) and Clair Nixon 
(Texas A&M University) 

Shared appreciation mortgages can help borrowers 
overcome the initial cash flow problems associated 
with the purchase of land while providing the lender 
a hedge against inflation. Procedures for evaluating 
shared арргесігіоп mortgages versus traditional 
mortgages and renegotiable rate mortgages are pre- 
sented. 


Macroeconomic Issues in Agriculture (David L. 
Barkley, University of Arizona, presiding) 


* Agricultural Prices in the 1970s and the Quantity 
Theory cf Money." Richard C. Barnett (University 
of Minnesota), David A. Bessler and Robert L. 
Thompson : Purdue University) 

The paper reviews early work on the quantity 
theory of money, notes extensions to analysis of 
relative prices, ard tests the theory using Granger’s 
causality definition with 1971-79 monthly time- 
series measures of U.S. and international money 
supply and U.S. agricultural prices. Results show 
попеу supplies lead prices by eight and sixteen 
months. : 


‘Effect of Variable Interest Rate Loans on the Ag- 
ricultural Sector." William McD. Herr, George A. 
Shumaker, Lyle Solverson, Thomas J. Dougherty, 
enc Stuart Langrehr (Southern Illinois University) 
Hot only has inccme variability of important seg- 
ments of the agricultural sector increased because 
cf variable mterest rate loans but this source of 
variability is significant. Among farm-sector ex- 
pense items, we fo ind total interest expense to be a 
major annua expense item and its coefficient of 
variation is az high or higher as other expense items 
ircluding fertilizer, petroleum products, and feed. 


**Agriculture's Financial Structure, Repayment Abil- 
ity, and Capital Requirements During Inflation." 
Villiam Burgaardt (Michigan State University) and 
David L. Wat: (IED ESS USDA/Michigan State Uni- 
versity) 

T3e agricultural sectors income statement was ana- 
lyzed for the past thirty years and then projected 
thcough 1985 to evaluate agriculture's cash flow 
pcsition. Ther. agriculture’s debt repayment capac- 
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ity with and without nonferm income was analyzed 
under three different assumed amortization rates. 


“A Note on the Theoretical Specification of Wage 
Rates in a Cost-Push Model of Food Price Determina- 
tion with Empirical Tests of Causal Orderings.” 
Mike Belongia (NED ESS USDA/North Carolina 
State University) 

Observed increases in nominal factor costs should 
not cause increased output prices unless nominal 
input costs increase more than factor productivity. 
However, cost-push models of food price behavior 
are often estimated using unadjusted nominal costs. 
Causality tests suggest adjusted wage growth and 
price increases are unrelated. 


Risk (Mike Boehlje, Iowa State University, presid- 
ing) 


**Estimation and Analysis of a Survival Function for 
a Simulated Wheat Farm." Larry J. Held (Univer- 
sity of Wyoming) and Glenn A. Helmers (University 
of Nebraska) 

A survival function developed for a simulated 
wheat farm reflects marginal survival odds decreas- 
ing with increased starting equity levels and more 
conservative borrowing limits for land expansion, 
but increasing with higher land appreciation rates. 
Iso-survival relationships show increasing require- 
ments for more conservative borrowing at succes- 
sively lower beginning equity levels. 


“The Impact of Diversification on Farm Risk." 
Sheldon Zenger and Bryan Schurle (Kansas State 
University) 

Using farm data, this study estimates the relation- 
ship between income and variability of income. The 
effect of diversification and other farm characteris- 
tics on income variability also is investigated. Gross 
farm income, acres per operator, taxable nonfarm 
income, and machinery investment per acre were 
significantly related to variability of net income. 


“Farm Planning, Risk Aversion, and the Returns to 
On-Farm Storage Facilities." W. Donald Shurley 
(University of Kentucky) and George F. Patrick 
(Purdue University) 

Risk is incorporated into an annual farm-planning 
model using the MOTAD framework. The availabil- 
ity of on-farm storage is an important and often 
forgotten resource constraint in the sensitivity of 
farm plans. Because farm plans are affected by risk 
aversion, so is the importance of storage facilities. 
Study results were highly sensitive to storage 
capacity and generally show that returns to storage 
are highest at low farmer risk aversion. 


“A Risk Analysis of the Federal Crop Insurance Act 
of 1980." Randall A. Kramer (Virginia Polytechnic 
Institute and State University) 

The Federal Crop Insurance Act of 1980 substan- 
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tially expands the availability of crop insurance and 
provides for subsidies on premiums. Stochastic 
dominance is used to evaluate a variety of options 
available to farmers for using crop insurance to 
manage production risk. 


Natural Resources: Methods (Linda Lee, Oklahoma 
State University, presiding) 


“Common Property, Resource Rent, and Uncer- 
tainty: With an Application to the New England 
Groundfish Fleet. Peter H. Greenwood (University 
of New Hampshire) 

The tendency for competitive users of a common 
property resource to exhaust the rent the resource 
is capable of producing has long been recognized. 
This paper argues that when competitive users must 
contend with uncertain returns, resource rent is not 
fully dissipated. When users are risk averse, their 
expected returns must be sufficiently greater than 
their certain opportunity costs to compensate for 
risk. It is argued that the additional returns are in 
effect a resource rent, since society could at no cost 
assume the fishermen’s risk and appropriate the 
additional returns without affecting the equilibrium. 
Using historical data an attempt is made to assess 
the order of magnitude of risk in the New England 
otter trawl fishery. 


**Bias in Recreation Benefit Estimates: Further Evi- 
dence." Kerry R. Livengood (University of Illinois) 
Based on data from deer-hunting leases in Texas, a 
simultaneous model of the demand for deer-hunting 
trips, time spent at hunting sites per trip, and actual 
hunting lease cost is compared to demand derived 
by the travel cost method. The results suggest that 
bias associated with estimates of willingness-to-pay 
increases as travel cost decreases. 


‘Methodological and Empirical Considerations for 
Incorporating Fishing Power Functions in Bio- 
economic Models." Timothy G. Taylor and Fred J. 
Prochaska (University of Florida) 

The '*correct" measurement of fishing effort is es- 
sential for the successful construction of fishery 
production and stock assessment models. A general 
method for measuring fishing effort in standardized 
terms on the basis of a fishing power function is 
presented. The results suggest this methodology to 
be superior to traditionally used effort measures. 


‘Methodological Ethics in the Evaluation of Non- 
market Goods Allocations." J. Walter Milon (Uni- 
versity of Florida) 

The ethical basis for economic evaluations of alter- 
native nonmarket goods allocations is examined in 
terms of the treatment of property rights and in- 
tergenerational effects. The author argues that the 
theoretical and empirical conventions commonly 
adopted by resource economists are ethically 
biased and these ethical issues are worthy of more 
extensive debate. 
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“А Theoretical Model of Overgrazing in Traditional 
Livestock Economies of Africa: A Paradox of Per- 
ceived Values.” С. M. Sullivan (Auburn University), 
K. 'W. Stokes and D. E. Farris (Texas A&M Univer- 
sity] 

Communal grazing is the major barrier to develop- 
ment of livestock economies in Africa. With a theo- 
retical model, the paradox in a producer's perceived 
values for inputs and ow puts in his livestock opera- 
tion is examined to explein overgrazing. Analysis of 
government policies indicate improved livestock 
systems require appropriate institution building. 


Livestock Sector Analysis (Terry Roe, University of 
Minnesota, presiding) 


“The Hog Cycle Revisited.” Thomas H. Spreen and 
J. Scott Shonkwiler (Uniwersity of Florida) 

The existence of a four-year cycle in hog produc- 
tion and prices has beem well documented in the 
literature. Using recent data, however, this paper 
demenstrates that the cycle has become shorter 
with an average duration of approximately 3.2 
years. 


“The Economic Homogeneity of Grade Classi- 
fications Under the New and Old Feeder Cattle 
Grading Systems," James N. Trapp (Oklahoma 
State University) 

A methodology was developed to determine the 
degree of economic homogeneity of a given grade 
class. A more homogenous grade grouping is ar- 
gued to be desirable. The new feeder cattle grading 
system was found to provide a 12.596 less 
homogenous basic grade group class than the old 
system. 


“A Disequilibrium Model «f the U.S. Fed Beef Sec- 
tor." Rod F. Ziemer and Ered C. White (University 
of Georgia) 

In this paper current theory and estimation proce- 
dures are applied in an amalysis of disequilibrium 
price behavior in the U.S. sed beef sector. Although 
tests о equilibrium versus disequilibrium hypothe- 
ses are not well developed, results indicated the 
possible presence of disequilibrium prices in the 
market for fed beef; at least the hypothesis of sig- 
nificant disequilibrium could not be rejected. 


“Evaluating the Countercyclical Aspects of the U.S. 
Meat Import Act of 1979." James R. Simpson (Uni- 
versity of Florida) 

The po-ential effect of the new U.S. meat import 
law is analyzed under twc radically different as- 
sumpticns about buildup in U.S. cattle inventory. It 
is concluded that the bill is rot truly countercyclical 
in nature because it only operates that way under 
special circumstances. 
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Food Demand (J. B. Wyckoff, Oregon State Univer- 
sity, presiding) 


“Life Cycle Effects on Household Away-From-Home 
and At-Fome Food Expenditures." Stanley M. 
Fletcher (University of Georgia) 

The influence of socioeconomic factors on food ex- 
penditure: previously has been examined some- 
what in isolation. The relative extent to which so- 
cioeconomaic factors influence away-from-home and 
at-home food expenditure patterns across a house- 
hold's life cycle was empirically investigated using 
the 1972-73 BLS Consumer Expenditure Diary 
Survey as the data base. 


*Food-Away-From-Home Expenditures By Source 
of Househeld Income." Jean Kinsey (University of 
Minnesota) 

Marginal propensities to consume (MPC) food 
away fror home (FAFH) out of six sources of 
househald income were estimated using Tobit and 
OLS. Marginal propensity to consumer FAFH was 
increased by income earned by children and part- 
time working wives and by transfer income іп 1978. 
Full-time working wives’ income decreased MPC. 


“The Contribution of Basic Need Theory to House- 
hold Decisicn Making.” Dorothy Z. Price and David 
W. Price ("Washington State University) 

Utility is viewed as consisting of five basic needs: 
physiological, security, love and belongingness, 
self esteem, and self actualization. Empirical appli- 
cations are ziven in the areas of food consumption, 
food starnp participation, and job satisfaction. Po- 
tential value for integrating these psychological and 
2conomic constructs is discussed. 


**Estimation of a Complete Disaggregate Food De- 
папа System in the United States." Kuo S. Huang 
‘NED ESS USDA) 

Statistica. procedures for computing the parameters 
of a highly disaggregated food demand system are 
developed. The procedures are then applied to the 
estimation 02a U.S. food demand system consisting 
ef forty-two commodities and one nonfood sector. 
Data are annual observations for 1953-77. 


Economies o Farm Size (Sidney Bell, Auburn Uni- 
versity, presiding) 


* Impact of Selected Federal Tax Provision on the 
Growth of Two Cash-Grain Farms Differing їп. 
Size." Boris E. Bravo-Ureta (University of Con- 
mecticut) and. Glenn A. Helmers (University of Ne- 
braska) 

A mixed-in-eger-polyperiod  linear-programming 
model is used to evaluate the impact of selected 
federal tax provisions on the growth of two cash- 
gain farms. The results indicate that taxes differen- 
tially affect the growth of farms varying in size and 
tŁus can b2 important in determining the structure 
07 cash-grain agriculture. 





Abstracts 


‘“Interfarm Variation of Cost of Production and 
Transportation, Yields, and Net Farm Income in the 
Canadian Prairies: An Econometric Analysis." 
Ihn H. Uhm and Andrew W. Gemmell (Research 
Branch, Canadian Transport Commission) 

Size is the most important source of interfarm vari- 
ation in the cost of grain production and transporta- 
tion and in net income. Average transportation cost 
is a decreasing function of output, augmenting 
economies of size. Findings from the cost, yields, 
and net income models are consistent between 
single and multicrop samples. 


*Resources and Economic Efficiency of Small and 
Large Farms: Selected Farms in Tennessee." 
Surendra P. Singh and Handy Williamson, Jr. (Ten- 
nessee State University) 

The major objective of this study is to determine 
possible differences between production functions 
and differences in productivity levels as means to 
appraise resource allocative efficiency on small and 
large farms. Cobb-Douglas production functions 
were estimated using cross-section data collected 
from 193 randomly selected farm families in two 
counties of west Tennessee. The empirical results 
reveal that significant differences exist between the 
groups of farms. These differences are reflected by 
production functions and production elasticities of 
individual inputs. 


**Estimates of before- and after-Tax Scale Economies 
for a Sample of Illinois Cash Grain Farms.” Marvin 
T. Batte (Ohio State University) and Steven T. Sonka 
(University of Illinois) 

The primary purpose of this study was to investi- 
gate the degree of economies of scale existing on a 
before- and an after-tax basis for a sample of com- 
mercial Illinois farms. Results of the analysis indi- 
cate substantial scale economies both before and 
after taxes for this sample of cash grain producers. 


Marketing Issues (Ron Mittelhammer, Washington 
State University, presiding) 


“Factors Influencing the Diversification of Food 
Manufacturers." James M. MacDonald (ESS USDA) 
Product diversification, a common phenomenon, 
has been the subject of few empirical studies. I 
discuss issues in the definition and measurement of 
diversification, and then provide estimates of its 
extent among food manufacturers in 1975. Finally, I 
provide a statistical analysis of the differences 
across firms in the extent of diversification. 


“An Evaluation of Alternative Indicators of Com- 
modity Instability.” Susan E. Offutt and David 
Blandford (Cornell University) 

Data on ten U.S. field crops for the period 1950-77 
are used to determine whether alternative single 
variable measures provide the same assessment of 
relative variability. The results demonstrate that 
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the measurement and analysis of instability may be 
highly dependent on the choice of indicator. 


‘Theoretical and Empirical Considerations for Price 
Margins: An Application to the Striped Bass Mar- 
ket." Ivar E. Strand, Jr., and Robert E. Chambers 
(University of Maryland) 

Using assumptions of competition and market 
equilibrium, a theoretical model of price margin 
behavior was constructed. Duality theorems with 
traditional comparative static analysis offered a 
specification of price margins in terms of shifters of 
supply and demand. The model was tested using 
wholesaler margins for East Coast striped bass. 
Factors positively related to marketing volume in- 
creased margins whe-eas those negatively related 
to volume reduced margins. 


“Ап Empirical Analysis of the Cost of Long-Term 
Debt Financing for Cooperative and Proprietary Ag- 
ricultural Marketing Firms." Peter Vitaliano (Vir- 
ginia Polytechnic Institute and State University) 
Regression analysis relating four measures of tlie 
cost of long-term debt financing to capital structure 
and other financial factors reveals this cost to be 
generally, but not in every circumstance, unrelated 
to a marketing cooperative's debt ratio and, in 
many instances, greater than this cost for a com- 
parable proprietary firm. 


“А Proposed Monitoring System for Detecting Viola- 
tions of Capper-Volstead, Section 2." Edward V. 
Jesse (NED ESS USDA) and Aaron C. Johnson, Jr. 
(University of Wisconsin) 

This paper presents a systematic procedure for 
monitoring agricultural marketing cooperatives for 
evidence of Capper-Volstead section 2 viola- 
tions—unduly enhanced prices resulting from mo- 
nopolization or restraint of trade. A screening 
process is proposed to identify cooperatives pro- 
cessing monopoly power as well as the ability to 
exercise monopoly power. 


Regional Analysis (Craig L. Infanger, University of 
Kentucky, presiding) 


**Sample Selection and the Problem of Unstable Base 
Relationships in Forecasting." William Gillis (Uni- 
versity of Wisconsin) 

Manv regional analysts utilize econometric eco- 
nomic base models to estimate income multipliers 
in nonmetropolitan communities. Unstable base re- 
lationships caused by structural change within re- 
gional economies reduces the accuracy of forecasts 
derived from econometric results. This study 
applies a data pooling procedure to control the 
problem of unstable base relationships in forecast- 
ing. 


“The Influence of Input Supply and Output Demand 
on Industrial Growth in the Rural Communities of 
Pennsylvania." Steven E. Hastings (University of 
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Delaware) and Frank M. Goode (Pennsylvania State 
University) 

An important concept in location theory is the 
avzilability of intermediate inputs. This paper pre- 
sents a conceptualization of intermediate input 
supply and suggests a variable to operationalize this 
concept. The varisble is empirically implemented to 
test the relationship between the availability of 
inte-mediate inputs, market access, and industrial 
growth in rural communities. 


“Тһе Spanish Agricultural Growth Model: Implica- 
tions for the Future." Philip F. Warnken and 
Charles C. Crissman (University of Missouri) 
Spanish agricultural output has expanded at an 
average annual rate of 496 since 1960. In the ab- 
senc2 of domestically generated technology, im- 
ported technology and imported agriculture inputs 
have been significant growth sources. Recent puolic 
policy emphasizing domestic technology generatior. 
promises potential for rapid future growth of 
Spair's agricultural output. 


“A Model for Determining the Impact of Federal 
Outlays on County Well-Being." Marlys Knutson 
Nelson (EDD ESS USDA) and Luther G. Tweeten 
(Oklahoma State University) 

A model is presented for evaluating federal spend- 
ing to enhance well-being as proxied by personal 
income per capita, employment rate, private in- 
vestment per capita, and population change. An 
application is illustrated. Based on results, it ap- 
pears that federal programs are not highly effective 
in promoting the goals examined, and ways need to 
be explored to imprcve their performance. 


Water Use and Quality (John Braden, University of 
Illinois, presiding) 


“Special Assessment Tax for Water Quality Im- 
provement." Nicolaas W. Bouwes, Sr. (NRED ESS 
USDA) and Peter Caulkins (University of Wisconsin» 
Although it is recognized that there exists an un- 
equal distribution of benefits associated with urban 
lake improvement projects, financing of such prop- 
erty typically relies on uniform property taxes 
which do not make this distinction. In this paper a 
more equitable tax, based upon a property value 
impact model, is proposed in which costs levied are 
commensurate with benefits received. 


“Issues in Subsidization of Agricultural Nonpoint 
Pollution Control." William M. Park and Leonard 
Shabman (University of Tennessee) 

Potential program cost savings in the form of re- 
duced su»sidy payments are estimated for a case 
study area from (a) targeting on the basis of Jand 
attributes and (5) increased education efforts. Dis- 
cussion is also directed to the trade-off with in- 
creases in (a) information, contracting, and policing 
costs and (b) information anc education costs. 
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**Efficiency and Equity Aspects of Policies to Control 
Sediment in the Altamaha River Basin in Georgia." 
Stan Spurlock and Ivery D. Clifton (University of 
Georgia) 

Impacts cn net farm income from policies to control 
sediment are analyzed with a linear programming 
model. Both efficiency and equity implications are 
presented under two policy alternatives. The level 
of subsid zation for construction of terraces and 
alternative impacts when pollution abatement prac- 
tices are implemented at the farm versus the basin 
level are analyzed. 


“Residential Water Consumption with an Increasing 
Block Kate Structure." C. E. Young (NRED ESS 
USDA) and K. R. Kinsley and W. E. Sharpe 
(Pennsylvania State University) 

Demand functions are estimated for the pre-rate 
change »eriod using an error components regres- 
sion procedure. Assuming no change in the rate 
Structure, water use is predicted for the post-rate 
change period. Comparison of these use levels indi- 
cates that water use declined due to the imposition 
of the new rate. 


Teaching, =xtension, and Professional Activities 
(Larry BohL Purdue University, presiding) 


“A Teaching Tool for Making Elasticity Relevant.” 
David E. Kenyon and Karen Р. Mundy (Virginia 
Polytechnic Institute and State University) 

This paper explains the self-learning unit, ''Fore- 
casting Hog Prices Using Elasticities." It discusses 
the format of the self-learning unit, its forecasting 
£bility, and its strengths and limitations for teaching 
a practicai application of elasticities. 


“Ethics, Research and the Agricultural Economist." 
David L. Debertin, E. Jane Luzar, and Eldon D. 
Smith (University af Kentucky) 

The adherence to accepted canons of evaluation, or 
protocols, are distinguishing marks of scientific in- 
quiry. Agricu'tural economics faces special prob- 
lems which makes self-policing more difficult than 
in the non-social sciences. This paper examines 
reasons why research ethics should be of greater 
concern to agricultural economics. Case examples 
of situations ir volving ethics in research are exam- 
ined. 


“Comparing Loans: An Extension Program." Kim 
B. Anderson and Garnett L. Bradford (University of 
Kentucky) 

The objective of this paper is to present a procedure 
for comparing alternative loans with different 
and/or unequal loan fees. The procedure is adapt- 
able for use wita calculators or microcomputers. An 
adjusted total lean cest and an approximate effec- 
tive annual inte-est rate is produced for loan com- 
perison. 


Abstracts 


“Determinants of Agricultural Economics Faculty 
Salaries." Josef M. Broder and Rod F. Ziemer (Uni- 
versity of Georgia) 

This paper reports findings of a study of agricultural 
economics faculty at land grant universities. Re- 
search and teaching activities are measured along 
with selected categories of faculty productivity. 
Within the context of a general salary model, mone- 
tary returns to research, teaching, and grantsman- 
ship are examined along with other salary deter- 
minants. 


“Migration Patterns of Students Receiving Ph.D. 
Degrees in Agricultural Economics in the United 
States." В. A. Schrimper (North Carolina State Uni- 
versity) 

The importance of different types of undergraduate 
institutions and interinstitutional migration patterns 
for individuals awarded Ph.D. degrees in agricul- 
tural economics is examined. A declining impor- 
tance of land grant universities as a source of stu- 
dents, increased interinstitutional migration, and 
little change in time lags between degrees are indi- 
cated. 


Rural Development: Public Services and Finance 
(Paul Gessaman, University of Nebraska, presiding) 


‘Distributional Aspects of a School Finance Formula 
among School Districts. Donald D. Osburn (Uni- 
versity of Missouri) 

This study was concerned with the school finance 
systems' recognition of differences in the local 
school district's ability to finance education. More 
specifically, this research was concerned. with de- 
termining the effectiveness of the state aid formula 
(a new formula) in improving fiscal equity in Mis- 
souri school finance. The three measures of fiscal 
equity used in this study were expenditure uni- 
formity, tax power equity, and wealth neutrality. 


“Factors Influencing the Financial Viability of Non- 
profit Primary Health Care Centers." Andrew C. 
Hunter and Sam M. Cordes (Pennsylvania State Uni- 
versity) 

Data were gathered in 1978 from seventy nonprofit 
primary health care centers (PHCCs) in Pennsyl- 
vania, These data were used for analyzing the 
financial viability of PHCCs. Financial viability is 
enhanced if the center (a) is not located near other 
physicians, (b) does not have a quality assurance 
program, and (c) is no: overcommitted to adminis- 
trative resources. 


‘Statewide Reassessment and Preferential Assess- 
ment of Agricultural Land: The Effects on Property 
Tax Incidence in Missouri." David E. Ervin (Univer- 
sity of Missouri) and Robert M. Schoening (Milk 
Market Administrators Office, St. Louis, Mo.) 

Recent appreciation of real estate values has un- 
evenly eroded assessment levels from legal stan- 
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dards in many states. Inflation also has affected the 
determination of use values for agricultural lands. 
For Missouri counties, general reassessment is es- 
timated to cause sizeable property tax shifts which 
ultimately would alter public service demands. 


“The Direct and Indirect Effects of Population 
Growth on Homeowner Property Taxes." Shepard 
C. Buchanan and Bruce A. Weber (Oregon State 
University) 

A model for estimating the direct and indirect ef- 
fects of population growth on property taxes is fit to 
data for Oregon counties. Results suggest that in- 
creases in population did lead to increases in 
homeowner property taxes in the mid-1970s, 
primarily through the effect of population on as- 
sessed values. 


Transportation Rate Structures (Phillip Baumel, 
Iowa State University, presiding) 


“Ocean Freight Rate Variability as a Factor in 
International Agricultural Trade." James K. 
Binkley (Purdue University) 

Due to inelastic shipping supply, ocean freight rates 
can fluctuate significantly over short periods. This 
variability can affect trade analysis. This paper pre- 
sents evidence on rate variability and discusses 
possible implications for welfare gains from price 
stabilization and free trade, for comparative advan- 
tage, and for the effects of market power. 


“Effectiveness of Competitive Forces to Limit Rail 
Rate Increases on Export Wheat Traffic in South 
Plains." Stephen Fuller and C. V. Shanmugham 
(Texas A&M University) 

'The paper relates results of research conducted to 
determine the effectiveness of competition to limit 
increases in rail rate levels under conditions of rail 
deregulation. The study focuses on the ability of 
intramodal and intermoda! competition to constrain 
rail rate increases on South Plains export wheat 
movement. 


**Estimation of Demand for Truck-Barge Transpor- 
tation of Pacific Northwest Wheat." Charles 
Logsdon (Alaska Department of Revenue) Ken 
Casavant, Ron C. Mittelhammer, and LeRoy Rogers 
(Washington State University) 

A conditional choice model was used to analyze 
truck-barge transportation demand. Truck-barge 
demand was found to be own-rate elastic but inelas- 
tic to rail rate changes. Transit time, equipment 
availability, and variance in waiting time were far 
less important compared to rates in determining 
modal choice. 


“Factors Associated with Grain Rail Rates in Three 
U.S. Rate Territories." Michael J. Pesch and Donald 
W. Larson (Ohio State University) 

Through regression analysis, the variability of grain 
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rail rates in three rail rate territories wes found to Бе 
significantly explained by shipment size, traveling 
distance, and rail rate territory. Study гези 15 are 
discussed as they relate to the Staggers Rail Act cf 
1980 and alternative pricing policies. 


“An Alternative Rate Structure for Assemblirg and 
Hauling Bulk Milk in Vermont." Fred Webster and 
Edward Karpoff (University of Vermont) 

A revised rate structure for bulk milk hauling from 
Vermont farms is presented. Overcharging large- 
volume producers in favorable locations for milk 
hauling causes them to change haulers. Overheac 
costs per unit are thereby raised for remaining ship- 
pers. Revised rate structures could defer such г 
shift and help small farms. 


Marketing Livestock and Grain (Lowell Catlett. New 
Mexico State University, presiding) 


“Marketing Slaughter Hogs by Remote-Access 
Computerized Auction: Theory and Empirical Re- 
sults.” Dennis R. Henderson and E. Dean Baldwin 
(Ohio State University) 

Electronic markets have been suggested as one 
mezns of reducing impacted pricing problems asso- 
ciated with thin, transparent trading of agricul-ural 
products. An experimental daily electronic auction 
was initiated for slaughter hogs in Ohio. Results in 
first four months show competitive price enhance- 
ment, improved price-quality relationships, and 
greater pricing efficiencv. 


**Electronic Meat Trading: Some Economic Corsid- 
erations and Evaluation Guidelines." M. E. Sarhan 
(University of Illinois) and Kenneth E. Nelson (NED 
ESS USDA/University of Illinois) 

The traditional exchange system for wholesale meat 
in the United States is under attack, partly beceuse 
of al.eged inefficiencies and equities in pricing. New 
marketing alternatives are under consideration, in- 
cluding electronic trading. This paper reviews the 
potentials of electronic тайіпр for meat and sug- 
gests some economic considerations and evaluation 
guidelines. 


**Distributional Aspects of the Farmer-Owned Grain 
Reserve under Alternative Risk Hypotheses." An- 
drew Morton, James Langley, and Earl O. Heady 
(lowa State University) 

A present-value certainty equivalence approach is 
used :o assess the potential distributional aspects of 
participating in the farmer-owned reserve across 
farm size under risk. Even if the risk discount in- 
creases with farm size, other aspects favor partici- 
pation of large producers enough to outweigh the 
risk factor. 


“Managerial Inefficiencies in Rationalized Grain 
Marketing Systems.” A. Clyde Vollmers and Stan:ey 
Thompson (Moorhead State University) 
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Economically inefficient managerial decisions may 
reduce the savings which rationalization of grain- 
marketiag systems could potentially generate. Inef- 
fective distribution, ownership, or transshipment 
patterns or modal selection decisions were esti- 
mated to totzl 3% of the marketing cost in one 
Michigam region. Thus, institutional design is criti- 
cal in implementing system rationalization. 


“The Impact of the Farmer-Owned Reserve on Mar- 
ket Structure: The Case of Wheat." William H. 
Meyers (Iowa State University) and Abner ҮҮ, 
Womack and Maury E. Bredahl (University of Mis- 
souri) 

The farmer-owned reserve is modeled as an en- 
dogenou: varizble in an econometric wheat model, 
and redvced-form impacts are obtained. The re- 
serve equations, which are price elastic, add sub- 
stantially to the elasticity of total market demand 
and significantly alter the impacts of exogenous 
shocks oa price and other endogenous variables. 


Farm Management Issues (Bill Boggess, University of 
Florida, presiding) 


**Modelinz Optimal Replacement Decisions for Farm 
Machinerz: Some Theoretical and Empirical Prob- 
lems.” Gzrnett Bradford and Donald Reid (Univer- 
sity of Keatucky) 

Machine replacement research has concentrated on 
delinea-ing and comparing present value (PV) and 
derived marginal analysis models. With such, one 
encoun:ers problems in generating reliable esti- 
mates of new and used machine prices, repairs, and 
opportunity costs. Some empirical problems may 
be surmounted by altering the traditional PV 
framework, but theoretical considerations require 
more éomoreheasive models. 


“The Ecomomic Threshold as an Investment Prob- 
lem.” Mark Cochran and Lindon J. Robison (Michi- 
gan State Jniversity) 

This paper develops the argument that the determi- 
nation cf the economic threshold and the underly- 
ing procedure defining optimal pesticide use is in 
reality a durable investment problem. It provides а 
conceptualzation of the economic threshold that 
can guide rzsearch in the area to define more accu- 
rately the problem of optimal chemical usage. 


“Multistage Optimization Using Separable Pro- 
gramming.” Corbet J. Lamkin and W. Lanny 
Bateman (Mississippi State University) 

This parer presents a case study of an integrated 
poultry firm with a plant location problem where 
two distinct processing functions are necessary and 
each process is subject to size economies. The 
problem was approached using separable pro- 
gramming. Resuts showed that separable pro- 
gramming i: effective for problems involving mul- 
tistage processing. 


Abstracts 


“Farmers Goals: Uni- or Multi-Dimensional?’’ 
George F. Patrick and Brian F. Blake (Purdue Uni- 
versity) and Suzanne H. Whitaker (Indiana Farm 
Bureau Cooperative) 

Common goal measurement techniques implicitly 
assume farmers order goals on a unidimensional 
hierarchy. Multidimensional scaling (MDS) is pro- 
posed as an alternative conceptualization and scal- 
ing procedure. MDS scalings of farmers’ goals were 
more consistent than with other methods. Risk- 
growth, monetary versus nonmonetary and 
wishfulness-practicality continuums were three di- 
mensions identified. 


Farmland Values and Conversion (Nelson Bills, 
NRED ESS USDA, presiding) 


“Landowner Characteristics as Determinants of De- 
veloper Locational Decisions." Charles Н. Barnard 
(NRED ESS USDA) 

Discriminant and regression analysis show that 
the personal and financial characteristics of current 
landowners determine which urban fringe parcels 
developers select first. Normal conditions within 
the urban land market lead developers to choose 
those parcels that are owned by individuals with 
relatively low perceived present values for their 
parcels. 


“A Market Equilibrium Approach to Determining 
Land Values." Lindon J. Robison and Thomas К. 
Espel (Michigan State University) 

Models are developed for determining land prices in 
Walrasian market settings where land supplied and 
demanded is dependent on expected costs and ex- 
pected benefits. The models, after being logically 
deduced, are tested empirically. The inflationary 
model without fixed land supply is validated empir- 
ically. The model including fixed land supply is 
rejected. 


“A Pooled Time-Series Cross-Section Analysis of 
Land Prices.” Jean-Paul Chavas and C. Richard 
Shumway (Texas A&M University) 

Based on a theoretical formulation of land price 
formation as an economic rent to a fixed input, a 
single-equation econometric model is specified and 
estimated to explain land prices in five Iowa crop- 
reporting districts. It identifies the influence of farm 
prices, inflationary pressures, as well as land qual- 
ity on the price of land. 


“Analysis of Factors Affecting Rural Real Estate 
Values in Eastern Oklahoma." James R. Nelson and 
William E. Burton (Oklahoma State University) 

The objective of the study reported was to examine 
factors that cause variations in rural real estate 
values in an eastern Oklahoma study area. Econo- 
metric models were developed to explain values of 
study area rural real estate in general and agricul- 
tural and nonagricultural real estate in particular. 
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Research, Development, and Technological Change 
(Carl E. Pray, University of Minnesota, presiding) 


“Ап Analysis of Research Expenditures for Selected 
Agricultural Commodities." Nathan M. Garren 
(North Carolina State University) and Fred C. White 
(University of Georgia) 

The empirical results of this study indicate the 
presence of externalities in agricultural research 
expenditures. An analytical framework is devel- 
oped to account for these externalities in the alloca- 
tion process. Allocations are examined both from 
the perspective of the state, acting in its own best 
interest, and from the nation's perspective. 


*fThe Use of Genetics Principles in Research 
Evaluation—An Example with Soybeans.” George 
W. Norton (Virginia Polytechnic Institute and State 
University) and W. B. Sundquist (University of Min- 
nesota) 

This paper explores the potential use of quantitative 
genetics principles in evaluating economic returns 
to plant-breeding research. Basic factors affecting 
Benetic progress are described along with pos- 
sibilities for quantifying them in relation to research 
expenditures. An example with soybeans illustrates 
how this information can be incorporated into ex 
ante research evaluation. 


“Ап Economic Assessment of the Impacts of Public 
Funded Research on Corn, Soybeans, Sorghum, and 
Wheat." Daniel M. Otto and Joseph Havlicek, Jr. 
(Virginia Polytechnic Institute and State University) 
The framework of 2 supply response model is used 
to evaluate individually the impacts of research ex- 
penditures on yields of corn, wheat, soybeans, and 
sorghum. Based on pooled data from a cross- 
section of states for the 1973—79 crop years, the 
Parks procedure was used to estimate internal rates 
of return of 71%—97% for own-state investment and 
5%-47% for spillovers of outside research invest- 
ment, Yield-response price elasticities indicate 
wheat yields were most responsive and sorghum 
yields were least responsive. 


‘Crop Improvement Strategy: An Analysis of the 
Potential Benefits of New Cassava Production Tech- 
nology in Colombia.” Douglas Pachico (International 
Center for Tropical Agriculture, Cali, Colombia) 
The potential benefits of cassava varieties suitable 
for the feed market are estimated. A linear pro- 
gramming feed-mix model simulates the cost reduc- 
tion in feed resulting from cheaper cassava. Then, 
elasticities of demand and supply of poultry are 
estimated to calculate economic surplus from the 
new technology. 


“The Impacts of Government Production-Oriented 
Research and Extension on U.S. Agriculture: A 
Simulation of Future Alternatives." Roland К. 
Roberts (University of Hawaii) and Raymond Joe 
Schatzer and Earl О. Heady (Iowa State University) 
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This paper explores the effects on U.S. agriculture 
of elternative future assumptions relating to the 
growth in real government expenditures on 
procuction-oriented research and extension. Re- 
sults suggest that increases in the rate of growth in 
research and extension above-average historical 
levels could cause agricultural prices and incomes 
to decline substantially. However, crop exports 
would only have to increase above projected trend 
levels by approximately 6.596 to maintain crop 
prices. 


Pest Management (Katherine Reichelderfer, NRED 
ESS USDA, presiding) 


*A Simple Model to Determine the Economic 
Threshold of Beef Cattle Pests with Limited En- 
tomological Information. Assam M. Azzeddine and 
Maurice Baker (University of Nebraska) 

Existing models for definirg the ‘‘economic thresh- 
old” for pest control have been developed largely 
for crop damage assessment and require data not 
presently available. These models are modified to 
construct a workable approach to a livestock pest 
problem based on limited entomological informa- 
tion. 


“Estimating Benefits from Controlling Nuisance 
Pests: An Application of the Iterative Bidding Tech- 
nique." Darrell Hueth (Oregon State University), 
Steve Voorhees (University of Wisconsin) and 
Richard Casagrande (University of Rhode Island) 
This paper presents some results on the application 
of the iterative bidding technique to estimating ben- 
efits from reducing gypsy moth infestations in the 
Northeast. Benefits are calculated under the as- 
sumptions that (а) a chemical spray is the only 
control technique variable, and (b) that there exists 
some completely environmentally safe technique 
for controlling the pests. The difference between 
estimates and benefits obtained under these two 
situations is interpreted as the estimate of environ- 
mental cost resulting from using chemical sprays. 
Also, this research is generally encouraging insofar 
as the usefulness of the iterative bidding technique 
itself is concerned in that the empirical results are 
largely consistent with a prior: theoretical hypothe- 
ses. 


“The Contribution of Herbicides and Other 
Technologies to Soybean Production in the Corn Belt 
Region, 1965 to 1979." David Schroder, J. Charles 
Headley, and Robert M. Finley (University of Mis- 
souri) 

This report attempts to identify the contributions of 
technology and weather to soybean yield variation 
for the period 1965 to 1979 in the Corn Belt. Tech- 
nology variables included genetic improvement, 
herbicides, and row-width. A pooled, cross- 
sectional, time-series data base was used to esti- 
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mate regression parameters for herbicides and 
other varfbles. A marginal private benefit/cost re- 
turn of $2.3 pez dollar of herbicide cost was esti- 
mated for additional land treated with herbicides. 


“Use and Benefits of Kalman Filtering for Insect Pest 
Management.*’ Luis R. Zavaleta and Bruce L. Dixon 
(University of Illinois) 

Efficiency Df pest scouting is shown to be increased 
substantial y by utilizing a model of pest evolution 
between sempling periods in addition to sampled 
data. The Kalman filter is the estimator used, 
applied to -he bean leaf beetle in Illinois. 


Input Demand (Lze F. Schrader, Purdue University, 
presiding) 


**A Canonical Correlation Analysis Relating Farmer 
Characteristics to Service Demand in the Purchase of 
Jarm Input:." L. A. Johnson and W. A. Thomas 
(University cf Geargia) 

The purpose of this paper was to identify farmer 
characteristics which affect demand for farm ser- 
vices. Data mclud2d surveyed responses from 277 
farmers located in selected southeastern areas. The 
canonical co-relation procedure was used to test 
the assumption that the characteristics were not 
ir dependent 5f each other. 


**ptimal Asset Replacement under Conditions of 
Technological Change: The Case for Improved Fuel 
Efficiency."' К. Allen Morris (A. Duda & Sons) 
This study analyzed the effects of technological 
cbange, measured as improved fuel efficiency, on 
the optimal timing of replacement for pickup trucks 
us2d on corporate farms. It was found that annual 
mieage, fuel price, and level of fuel efficiency of 
po:ential replecements all affect optimal replace- 
ment times. 


“Demand Elasticities and Cross Elasticities for Diesel 
Fucl—Crop Preducers." Francis Р. McCamley and 
James B. Kliebenstein (University of Missouri) 

A cuadratic prcgramming model was formulated to 
examine diesel fuel demand by a representative 
risk-averse crop producer. Demand was examined 
by varying energy prices, crop prices, and degree of 
risk aversion. Wheat and soybean prices and pro- 
ducer’s attitude toward risk had greater impacts on 
fuel use than energy prices. 


“Demand for Earm Tractor Horsepower in the 
Опіка States." Dennis M. Conley and Douglas A. 
Lambert (University of Illinois) 

Since the mid-1€60s there has been a shift in the 
composition of tractor horsepower purchases. 
Models of annual demand were estimated for the 
1950—78 time period. Significant explanatory vari- 
ables included tractor prices, prices received, stock 
of hocsepower ов farms, interest rates, farm em- 
ployment, self-propelled combines, and acres 
planted. 





Abstracts 


Econometrics (Peter Greenwood, University of New 
Hampshire, presiding) 


“Detection and Treatment of Multicollinearity in 
Simultaneous Systems of Equations." Ralph К. 
Semprevio (Chase Econometrics) and Oral Capps, 
Jr. (Virginia Polytechnic Institute and State Univer- 
sity) 

Methods to detect the extent of multicollinearity in 
simultaneous systems are put forward. To treat 
multicollinearity problems, the integration of the 
Ridge Regression technique with the 2SLS tech- 
nique is proposed. The RR2SLS procedure is then 
empirically evaluated vis-a-vis the 2SLS procedure. 


“Prior Linear Constraints on Parameters: Will Their 
Use Mitigate Specification Error?" Ron C. Mit- 
telhammer (Washington State University) 

The paper defines the theoretical problem condi- 
tions under which restricted least squares (RLS) is 
superior to OLS in predictive risk when misspec- 
ification exists. Unfortunately for applications, the 
F-test of RLS superiority is biased and has undesir- 
able power characteristics, and the use of correct 
prior constraints can accentuate predictive risk. 


“Criteria for Model Specification of Demand Sys- 
tems." Oral Capps, Jr., and Joseph Havlicek, Jr. 
(Virginia Polytechnic Institute and State University) 
Four general principles are formulated as criteria 
for model specification of demand systems. The 
concepts shed light on systems credibility, valida- 
tion, strengths, and weaknesses. The principles are 
used to judge the empirical performance of the S,- 
branch system. 


“Error Specification in Transformed Models.” 
David Smallwood and James Blaylock (FE NED ESS 
USDA) 

Autocorrelated residuals and a heteroskedastic 
error variance are both jointly and separately in- 
corporated into a Box-Cox transformed model. A 
quarterly demand equation for pork is used for pur- 
poses of illustration. Results indicate that both 
functional form and error term specification play a 
crucial role in hypothesis testing and estimation of 
elasticities. 


Soil Erosion (David J. Walker, University of Idaho, 
presiding) 


“A Regional-National Model for Agricultural Policy 
Analysis with an Application to the State of Iowa." 
Wen-yuan Huang (NRED ESS USDA) and James A. 
Langley and Earl О. Heady (Iowa State University) 
A Regional-National Model has been constructed 
and can be used as a tool to estimate the regional 
effects of a national policy and to evaluate the na- 
tional implications of regional policy alternatives. A 
Regional-National Model of soil erosion in Iowa is 
presented as an illustration of this modeling tech- 
nique. 
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**Risk Perceptions and the Utilization of Conserva- 
tion Tillage Practices." James S. Shortle and John A. 
Miranowski (Iowa State University) 

The relative risk of alternative tillage practices per- 
ceived by farmers and the determinants of these 
perceptions are considered. Survey data are used to 
estimate relations between perceptions of relative 
risk and farm operators’ human capital and farm 
operation variables. The implications for effective 
soil erosion control policy are discussed. 


‘Impact of Erosion Control Policies on Wildlife 
Habitat on Private Lands." John A. Miranowski and 
Ruth Larson Bender (lowa State University) 

This study indicates that erosion control policies 
designed to maintain soil productivity and improve 
water quality tend to enhance wildlife habitat qual- 
ity with varving degrees of effectiveness. Habitat 
indexing and valuation procedures are considered 
in conjunction with a programming model of the 
Iowa River Basin to illustrate these effects. 


“Тһе Influence of Technological Progress on the 
Long-Run Social Returns to Soil Conservation." 
Daniel Taylor, Douglas Young, and David Holland 
(Washington State University) 

Appropriate multiplicative interaction between 
technological progress and yield-topsoil functions 
was incorporated in a systems simulation model 
projecting Palouse topsoil levels, crop yields, and 
net incomes. Results revealed high payoff to soil 
conservation on shallow soils and for longer plan- 
ning horizons. Yield projections were more op- 
timistic than farmers’ subjective projections. 


International Trade (Robert Chambers, University 
of Maryland, presiding) 


“0.5. Trade in Consumer Products." Philip Garcia, 
Mary Anne Ross, and Daniel I. Padberg (University 
of Illinois) 

The United States has experienced a large trade 
deficit in consumer products. It is hypothesized that 
the institutional frameworks in which consumer 
products are marketed have adversely affected our 
trade in consumer products. Trade policy alterna- 
tives should recognize these institutional differ- 
ences and their implications for our trade situation. 


**Effects of European Export Subsidies on Changing 
Levels of U.S. Poultry Meat Exports in World Mar- 
kets.” Glenn C. W. Ames and John W. McClelland 
(University of Georgia) 

The European Community (EC) is the world's 
largest exporter of poultry meat and eggs. EC ex- 
port subsidies have lowered the effective price of 
poultry exports and expanded the demand for its 
product. As a result there has been a substantial 
substitution of EC poultry for U.S. products in 
world markets. 
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“Developing a Prototype Model for the World 
Grains, Oilseeds, and Livestock Model.” Karen Liu 
(ED ESS USDA) 
In order to develop an improved specification for 
the grains, oilseeds, and livestock world trade 
model and to cope with the problems identified ir 
the present GOL model, an aggregate three- 
commodity, two-region prototype model is devel- 
oped. The major emphasis on the model structure is 
using nonlinear functional forms and incorporating 
trade restrictions in the model. 


“The Effect of Bilateral Trade Agreements on World 
Trade and Price Stability.” Alan J. Webb (IED ESS 
USDA) 

A theoretical model is developed which shows that 
the aggregate effect of an increase in bilateral trade 
agreements is an increase in the variability of world 
prices and trade. For a single country, the model 
shows that it is to each country’s advantage to keep 
its bilateral commitments from exceeding its ex- 
pected trade. 


“The Impact of Structural Change on Potential In- 
stability in the World Wheat Market." Nancy E. 
Schwartz and David Blandford (Cornell University) 
The relative decline in wheat consumption in the 
developed countries is reducing the potential 
stabilizing effect on the world market of freer trade 
in these countries. Furthermore, the growing role of 
centrally planned countries as importers is increas- 
ing the potential instability in world wheat import 
demend. 


Labor (James Holt, Consulting Agricultural Econo- 
mist, Washington, D.C., presiding) 


“Econometric Simulation Approach to Evaluating 
the Impact of a Technological Change." Jon A. 
Brandt (Purdue University) and Ben C. French (Uni- 
versity of California, Davis) 

An econometric model cf the processing tomato 
industry simulates price, production, and employ- 
ment levels with and without adoption of the me- 
chanical tomato harvester. Acreage increased by 
30,000 to 85,000 acres, and grower prices declined 
by $6.84/ton to $19.51/ton with harvester adoption. 
Displeced harvest labor was largely offset by in- 
creases in assembly and cannery employment. 


*Farm Household Production: Demand for Wife's 
Labor, Capital Services, and Capital-Labor Ratio.”’ 
Mark Lange (St. Cloud State University) and Wal- 
lace E. Huffman (Iowa State University) 

Model of farm household resource allocation and 
econometric estimates of equations explaining ab- 
solute and relative factor intensities of household 
production are developed. Empirical results indi- 
cate the gross substitute nature of wife's household 
labor aad capital services. Importance of separation 
of home labor and leisure are also demonstrated. 
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“An Econometric Analysis of the Market for Casual 
and Other Hired Farm Labor." Lewell Gunter and 
Ann Vardeman.(Uaiversity of Georgia) 

This is = time-seriss supply and demand analysis 
with hired farm labor disaggregated into casual and 
noncasuzl categories. Man-days worked is used as 
an endogenous var.able rather than the number of 
workers. The model specification and data source 
differ fram previots studies and results are com- 
pared to previous :tudies. 


*Off-Farn Labor Supply in a Developing Econ- 
omy." Dvight A. Smith and Richard L. Meyer (Ohio 
State University) 

This paper reports on a study testing the new 
household economizs for explaining off-farm labor 
supply of a sample of Philippine farm households. 
Labor su»ply for husbands was very elastic with 
respect to off-farm wage rates. Farm size and num- 
ber of children we-e also important explanatory 
variables. 


Synthetic Fuels (Loyd Fischer, University of Ne- 
braska, presiding) 


“The Feedback Effects of Higher Oil Prices on Pro- 
duction of Biomass Alcohols and Synfuels." John D. 
Hoff and Wallace E. Tyner (Purdue University) 

A biomass alcohol s2ctor was added to an energy 
macromodel to examine the effect of oil price feed- 
backs on tae production costs and development of 
biomass alcohols ard synfuels derived from oil 
shale and coal. Coal iquids costs were most sensi- 
tive to oil price increases, while biomass alcohol 
costs were least sensitive. 


**Market Implications of Soybean Oil Use as a Diesel 
Fuel Substitute." Ri-hard A. Levins (Mississippi 
State University) and William H. Meyers (Iowa State 
University) 

Soybean ой is being considered as a diesel fuel 
substitute Ey both tke United States and Brazil. 
Impacts of a fuel stbstitution program by each 
zountry on the U.S. soybean industry are evalu- 
ated. Export values and oil prices increase, but 
zhere are negative impacts on the meal sector. 


*A Compar son of the Economic and Technical Po- 
‘ential of Small-Scale Alcohol and Sunflower Oil 
Production.’ Robert 2. Reining and Wallace E. 
Tyner (Purdue Univer:ity) 

The technical and economic feasibilities of three 
scales of on-Zarm grain alcohol production are com- 
pared with three simila- scales of sunflower oil pro- 
cuction. Sersitivity aralysis is conducted for dif- 
ferent opera-ing condiions, feedstock costs, and 
бургойисї values. Sunjower oil is generally com- 
petitive with alcohol # there аге no government 
sabsidies. 
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**Crops for Food or Fuel: An Estimate of the Trade- 
off." Jerry A. Sharples (IED ESS USDA) 
The production of an additional two billion gallons 


of ethanol from corn in the United States would . 


increase the world price of grain about 6%. This 
result was obtained using a simple two-region world 
model of the grain-soybean market. Welfare impli- 
cations are also obtained. 


Commodity Futures (Anne Peck, Stanford Univer- 
sity, presiding) 


‘Commodity Futures Price Theory for Semistorable 
Products.” Steve Blank (California Polytechnic State 
University) 

The objective of this paper is to specify and test a 
basic futures price theory for semistorable prod- 
ucts. Both live and feeder cattle are tested as exam- 
ples because it is expected that they will have some 
characteristics of both perfectly storable and per- 
fectly nonstorable products. Feeder cattle proves to 
be more storable. 


*An Econometric Model of Hedging, Speculation, 
and Volume in Commodity Futures." Ronald W. 
Ward and Robert M. Behr (University of Florida) 


Hedging and speculative use of futures trading. 


evolves out of the expected benefits from holding 
futures contracts. These trading positions are inter- 
related and are influenced by factors such as the 
levels of price risk, the degree of competition, the 
extent of government regulations, and alternative 
investment opportunities. An econometric model 
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using pooled cross-sectional and time-series data on 
a three-equation system is used to explain hedging, 
speculation, and volume activity. 


**Hedging Pork Products Using Live Hog Futures: A 
Feasibility Analysis." Marvin L. Hayenga and 
Dennis DiPietre (lowa State. University) 

The feasibility of hedging ten wholesale pork prod- 
ucts using the live-bog futures market was ana- 
lyzed, and appropriate hedging relationships were 
estimated using 1970—79 data. Depending upon a 
firm's risk aversion, the live-hog futures market 


- could be a useful risk management tool for meat 


processors and merchandisers dealing with pork 
products. ` 


“Using Mechanical Trading Systems to Evaluate the 
Weak Form Efficiency of Futures Markets.” Paul E. 
Peterson and Raymond M. Leuthold (University of 
Illinois) 

A methodology is developed for using mechanical 
trading systems to evaluate the weak form 
efficiency of futures markets, including a method to 
statistically analyze trading results generated by 
these systems. These techniques are then used to 
test the weak form efficiency of the hog futures 
market from 1973 to 1977. 


Editor's Note: 

These Selected Papers have been filed with 
University Microfilms. That firm will provide mi- 
crofilm, microfiche, or hard copy for a small fee. 
Write Xerox University Microfilms, 300 North 
Zeeb Road, Ann Arbor, Michigan 48106. 


Award-Winning Theses 


Barnett, Richard Clay. “Тһе Relationship between 
Domestic and International Liquidity and Nominal 
Agricultural Prices: A Time-Series Analysis." M.S. 
thesis, Purdue University, 1980. 


Ne empirical evidence has been brought forth to 
test empirically whether recent increases in interna- 
tional liquidity have had any sizeable impact on the 
prizes of many agricultural commodities traded 
internationally. Further, few studies have analyzed 
the effect these monetary variables have had on the 
rato of agricultural prices to prices in the rest of the 
economy. This thesis represents an attempt to de- 
velop a theoretical model which explains the rela- 
tionships betweer. nominal and relative agricultura? 
prices and money ín a macroeconomic setting, as 
well as to test empirically these relationships using 
a variety of time-series methods. 

The empirical evidence suggested that domestic 
and international monetary expansion had a sig- 
nificant effect on domestic agricultural and food 
prices in the United States and in the world in 
gereral during the 1970s. Monetary expansion also 
appears to have had an influence on the observed 
changes in the ratio of U.S. agricultural prices to 
nonagricultural prices during this period. The em- 
pirical evidence also suggested that money is causal 
to agricultural prices, with little or no feedback. 


Rucker, Randal Ray. “Тһе Dynamics of Montana 
Beef Cattle Inventories.” M.S. thesis, Montana State 
University, 1980. 


Models for estimating beef cattle herd sizes in Mon- 
tana are estimated using a nonlinear least squares 
algorithm. The use of this algorithm allows the es- 
timation of ''nonstochastic difference equations” in 
wh:ch the stochastic component is purged from tne 
lagged values of the dependent variable. Models are 
developed to explain the levels of total herd sizes as 
well as the levels of breeding herds. Explanatory 
variables in these models include the levels of hay 
production, beef to corn price ratio, and calf (or 
feeder steer) prices in preceding periods. Interpre- 
tations of the estimated distributed-lag patterns and 
of the nonstochastic forms of the difference equa- 
tions are offered. The models estimated in this 
thesis appear to cffer zn improvement over previ- 
ous attempts to explain and model beef cattle herd 
sizes. 


Semprevio, Ralph Robert. ‘‘Estimation of Economic 
Structural Parameters and Multipliers under Condi- 
tions of Multicollimearit; in Simultaneous Systems." 
M.S. thesis, Virginia Pclytechnic Institute and State 
University, 1980. 


The specific objectives of this research were four- 
fold: (a) to detect the extent of multicollinearity in 
simultaneous systems of equations; (b) to develop 
the Ridge Regression (RR) biased-estimation tech- 
nique within the context of the two-stage least 
squares (2SLS) framework; (c) to compare the 
2SLS procedure using RR integrated into the first- 
and/or second-stage estimations of the standard 
2SLS procedure; and (d) to investigate the empiri- 
cal applicabilicy of using RR in the estimation of 
simultaneous systems of equations. 

Three estimation procedures were compared: 
(a) the standard 2SLS procedure, (b) a technique 
involving RR їп the first-stage estimation and ordi- 
nary least squares in the second stage (RO2SLS), 
and (c) a technique using RR in both the first- and 
second-stage estimations (RR2SLS). 

The empirical applicability of using RR in the 
estimation of simultaneous systems was assessed 
through the estimation of a pork sector supply- 
demard model and a wheat sector-demand model. 
The estimation techniques were compared on the 
basis of total mean squared error (TMSE) and mul- 
tiplier ‘‘sensibility.”’ 

The RR2SLS procedure is recommended as an 
extension of the 2SLS technique. This technique 
should be used when interpretation problems arise 
with respect to the 2SLS estimation results and 
prescribed multicollinearity indicators suggest a se- 
vere multicollinearity problem. The RO2SLS pro- 
cedure is not recommended because, in this study, 
the estimation results were unimproved in compari- 
son to those abtained with the 2SLS procedure. 


Easter, Christopher Douglas. *'Supply Response 
with Stochastic Technology and Prices in Australia's 
Rural Export Industries." Ph.D. thesis, University of 
California, Davis, 1980. 


The primary purpose of this research was to 
explore the theoretical and empirical issues in- 
volved in the specification of a stochastic model of 
supply response in the Australian grazing industry. 
The second air. of this investigation was to estimate 
the responsiveness of the main rural export prod- 
ucts to changes in output prices. 

Unusual among developed countries, Australia 
still relies extensively on the rural sector for the 
generation of export revenue in the economy. A 
salient feature of those markets is their volatility, 
leading to price variability for Australian produc- 
ers. Fluctuating seasonal conditions in the country 
impart to procucers a second element of uncer- 
tainty—produc-ion risk. The stochastic pro- 
gramming model developed overcomes problems of 
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dimensionality or approximation, previously en- 
countered in programming methodology, and suc- 
cessfully incorporates technological and price risk. 
The model was 
ф 


maximise Е(р)'х — AX X 


such that 
E(A)x + [x @ D'Z,(x @ DEO (a) Sb, x = 0, 


for E(p), a price expectations vector; x, an activity 
level vector; ф, the Arrow-Pratt risk aversion 
coefficient; Èp, a price variance-covariance matrix; 
E(A), an input-output expectations matrix; 2,4, a 
technology variance-covariance matrix; @, the 
Kronecker product; J, an identity matrix conform- 
able with x; 67! (o), a vector reflecting probabilities 
with which constraints are satisfied; and b, a re- 
sources vector. Risky prices are represented in the 
maximand and stochastic technology introduced 
via chance constraints. Since deterministic equiva- 
lents of the chance constraints are nonlinear, it was 
not possible to solve the above model using conven- 
tional algorithms. Rather than approximating the 
solution using linearization procedures, iterative 
application of the asymmetric quadratic program- 
ming (AQP) algorithm was used. 

The approach used met with considerable suc- 
cess. Examination of the convergency properties 
showed that the feasible solution set for the AQP 
problem contained the feasible solution set for the 
iterative model. Further, it was demonstrated that 
the existence of an optimal solution in the conven- 
tional AQP model was sufficient for there to exist 
an optimal solution for the iterative model with 
stochastic technology. Empirically, the success of 
the approach was reflected in the number of cycles 
of the model (5-8) required to achieve con- 
vergence. i 

In addition, performance functions were derived, 
graphical representation of price responses de- 
picted, and own-price and cross-price elasticities of 
supply estimated for beef, wool, sheepmeats, and 
wheat. The vast information set generated by the 
model provides a useful framework within which 
the supply and revenue impacts of changes in 
domestic policy on the grazing industry can be as- 
sessed. Similarly, the model is useful in estimating 
output changes effected by policies implemented in 
importing nations. 


Johnson, Frederick Ian. “Ап Analysis of Brazil’s 
Sugar Program, 1953-1975.” Ph.D. thesis, Univer- 
Sity of Minnesota, 1980. 


Since 1931 Brazil has protected and regulated its 
domestic sugar industry. This study examines, in 
the context of a supply and demand analysis, how 
Brazil's sugar program has affected its domestic 
and foreign sugar market. The analysis covers the 
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two key instruments of the sugar policy (the setting 
of prices and the restricting of sales); it considers 
separately the two main regions (the North- 
Northeast and the Center-South); and it encom- 
passes primarily the period 1953-75. 

The first step in the analysis is the construction of 
a model of production in which crop yields are 
stochastic. Several quota systems are considered, 
and in each case the producer response to the quota 
is inferred. It is shown that, in this stochastic 
framework, the quota can be treated as reduction in 
the effective price received by the farmer. The frac- 
tion by which the actual price is effectively reduced 
hinges upon the size of the quota and on the mo- 
ments of the distribution of crop yields. Acknowl- 
edging the stochastic nature of the crop allows the 
estimation of the effective price and, in turn, the 
estimation of the free-market supply relation. 

Supply and demand are then estimated. Employ- 
ing these estimates, the impacts of the quotas are 
examined by simulating no-quota production, and 
the effect of price setting is examined by simulating 
production and consumption at world prices. 


Stoll, John R. ‘‘The Valuation of Hunting-Related 
Amenities: A Conceptual and Empirical Approach." 
Ph.D. thesis, University of Kentucky, 1980. 


A conceptual framework for the valuation of 
wildlife. resource-related amenities is presented in 
this dissertation. The “пем theory of demand," 
developed by Lancaster and other researchers in 
household production theory, are utilized in the 
development of this conceptual framework. Activ- 
ity and existence values for resources are concep- 
tualized. The end product is a framework which can 
be used in the collection of data, data analysis, and 
provision of information for wildlife resource man- 
agement purposes. Hicksian measures of welfare 
change are also redefined within this framework, 
and a unique notation is introduced for their rep- 
resentation. These measures can be used to deter- 
mine the impact upon households of changes in 
wildlife populations, Total value and compensated 
demand curves for the wildlife resource are defined. 

An empirical application is presented and used to 
estimate values for elk hunting-related amenities in 
Wyoming. This application uses the iterative bid- 
ding form of contingent valuation techniques. In 
this case study, mean household willingness to pay 
(WTP) annually for the right to hunt elk is esti- 
mated to range from $44.09 to $126.04, depending 
upon the elk/encounter package. Previous methods 
of estimating models using iterative bidding results 
are substantially improved in this study. Theoreti- 
cally relevant variables are identified using the de- 
veloped conceptual framework: (c) variables de- 
fining the specific consumption package, (b) vari- 
ables isolating differences in household consump- 
tion technology, and (c) variables indicative of dif- 
fering tastes and preferences. The final estimated 
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model adopted for further use utilized income- 
zategorized data and included variables which 
aliow for variation ia household consumption tech- 
nology. This model resulted in an estimate of an 
income elasticity of bid equal to .369 which, in this 
model specification, is also equal to the price flexi- 
bility of income for elk encounters. A new method 
for handling ‘‘poor’’ respondents to iterative bid- 
ding formats is also discussed. 
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The estimated model is used to determine a total 
value curve for the right to hunt elk. From this total 
value curve, a compensated demand curve for elk 
encounters is derived. The estimated annual margi- 
nal value of an additional elk encounter is $3.65 
when the household typically encounters five elk. 
The estimated annual total value of the right to hunt 
elk is $95.98 when six elk are typically encountered. 


AAEA Business 


Committee Reports 


Report of the President 


The state of the Association is sound. The past year 
is best characterized as one of consolidation and 
growth: growth because as of this date it appears 
that 1981 membership will be up from last year by 
300 or more; consolidation because new editor 
James Houck, associate editors Frank Smith and 
Ben Senauer, secretary-treasurer Sydney James 
and business office director Wes Ebert are funciion- 
ing well. Inflation coupled with transfers of editor- 
ship and the business office to new locations sharp- 
ly raised costs, but, thanks in no small part to the 
Finance Committee headed by John Hopkin and to 
prudent investment of our financial assets by John 
Brake and his Investment Portfolio Subcommittee, 
the expected budget surplus for 1981 is $17,400 and 
no membership dues increase is necessary. 

Sydney James and Wes Ebert have made sub- 
stantial progress in computerizing membership 
files. This activity already provides payoffs in terms 
of readily accessible information for Association 
officers, the Membership Committee, and the 
Handbook-Directory. In these and a host of other 
potential uses, the payoffs come at a cost, not the 
least of which is the burden on membership of pro- 
viding biographic data. 

The Executive Board at its December 1980 meet- 
ing made the decision to use the Employment Reg- 
istry form to collect biographic data because it was 
comprehensive in scope, available, and because the 
Department of Labor covered costs of forms and 
mailing. From the standpoint of the Illinois Job 
Service, the solicitation was a huge success, with 
approximately 2,200 persons entering the Employ- 
ment Registry. From the standpoint of the 
Handbook-Directory, the solicitation fell short of 
success with approximately 1,800 members failing 
to complete the form. The Executive Board con- 
cluded that it is unwise to go to press under such 
circumstances, and Sydney James will send out an 
abbreviated form with membership dues notices for 
those who have not completed the required form. 
For those who have provided biographic data, a 
` printout of information on file will be sent with the 
dues notices to provide opportunity for correction 
and update. 

To minimize respondent burden in future years, 
basic biographic data will be printed on dues 
notices for updating and correction, and only new 
members will need to complete a comprehensive 
form. (I digress to note that the Executive Board 
requested that in the future, questionnaires mailed 
to AAEA members using membership lists pro- 
vided by the secretary-treasurer be screened by the 
secretary-treasurer to avoid undue length or exces- 
sive coverage of membership.) 


With the convenience offered by the electronic 
computer, a new Handbook-Directory can be 
printed as comprehensively as needed, with an ab- 
breviated, low-cost directory of names, addresses, 
and telephone numbers printed annually if desired. 

The Handbook-Directory Committee chaired by 
David Boyne has been a big help in deciding what 
data to include in the computerized membership 
file. That committee has been able to draw on the 
prior thinking and recommendations of the Opera- 
tional Data Base Committee, of which Ken Farrell 
is chairman. The work of these committees is 
largely completed. 

In reading reports of former presidents, I note the 
same thing impressed them that most impressed 
me—the complexity and breadth of participation of 
membership in the Association. I have appointed 
approximately 300 committee members and worked 
hard to involve a representative cross-section of the 
membership. This annual meeting, alone, features 
nearly 70 sessions, and each of these sessions aver- 
ages several participants. 

I have never worked with people more willing to 
give of themselves. Reasons for this willingness 
include recognition and another citation in ones 
vita, but much of the generous participation is 
selfless dedication to a strong sense of community 
in the Association. AAEA is a family. Maintaining 
that treasured sense of family is difficult and some 
members and groups get the feeling they are distant 
cousins—once or twice removed! Making these lat- 
ter individuals and groups feel they are full partici- 
pants whose needs are being met challenges the 
Executive Board. The Board is exploring alterna- 
tive program formats and publication outlets for 
better ways to serve the diverse needs of the pro- 
fession without sacrificing the needs of others. I 
report some of those activities below and offer addi- 
tional comments in the September AAEA Newslet- 
ter. 

I appointed ad hoc committees to examine the 
professional role and status of women, chaired by 
Ardelle Lundeen, and the role and status of blacks, 
chaired by Sidney Evans. The committee on 
women performed a comprehensive study reported 
in an invited paper session to be published in the 
December Journal. The committee on blacks is 
making progress and will provide a comprehensive 
report later. The Executive Board elevated the 
women's committee, based on their request for 
needed continuity, from ad hoc to special commit- 
tee status. 

The Professional Activities Committee (PAC) 
stimulates the Executive Board to devise ways bet- 
ter to serve the membership. PAC, under the lead- 
ership of Sam Cordes, brought before the Board 
several suggestions for improving the annual meet- 
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ing planning and program format. An ethical con- 
duct policy proposed by PAC, for the Association 
committee members, directors, and officers was 
adopted by the Executive Board for inclusion in the 
bylaws. 

In what can be a significant new development for 
the Association, the Executive Board asked Ed 
Schuk to appoint a committee to examine the op- 
portunity for a new publication of the Association 
that will emphasize less esoteric research method- 
ology and emphasize more effective communica- 
tion of applied economics of interest to practition- 
ers in teaching, extension, industry, administration, 
and research. Such a publication can be of great 
value in meeting the diverse interests of our mem- 
bers. 

Following recommendations of the Professional 
Activities Committee, the Executive Board voted 
to cosponsor with Farm Foundation a conference, 
“Perspectives on Agricultural and Food Policy Re- 
search"; with USDA a conference on ‘‘The Eco- 
nomics of Food and Agricultural Trade’’; and with 
the American Society of Agricultural Engineers two 
conferences, ‘‘Second International Livestock En- 
vironment Symposium’’ and ‘‘International Con- 
ference on Plant anc Vegetable Oils.” 

The Membership Committee led by Gene Mathia 
used the campus recruiter approach this year to 
reach prospective and delinquent members. The 
system seems to have worked, based on the in- 
crease in membership. In future years, comput- 
erized membership fles can give continuous feed- 
back showing the success of each recruiter. 

Thanks to special effort by the Resident Instruc- 
tion Committee chaired by Duane Harris, the long- 
awaited and popular brockure ‘‘Careers in Agricul- 
tural Economics'' is being printed in revised form 
this year. Contact Duane for copies, which can be 
purchased at cost. In part because of a new 
Student-Section administrative structure, student 
activit'es including presentation and judging of pa- 
pers seems to be functioning smoothly this year. 
Students are the future of the profession, and the 
Board wishes to do what it can to encourage growth 
and activity of the Student Section. 

Under leadership of Gazy Seevers, the Industry 
Affairs Committee kad a banner recruiting year, 
increasing membership 40%! They also sponsored 
the Industry Banquet and a symposium at the an- 
nual meeting. 

The American Agricultural Economics Documen- 
tation Center in the USDA is gaining increasing 
recognition and use and is inputting 550—600 ref- 
enrences per month. The Board’s confidence in the 
Center is apparent ir. $21,300 of Association funds 
allocated to provide a portion of the Center’s cost, 
borne mainly by USDA. 

With leadership from Dan Badger, chairman, the 
Literature Retrieval Committee continues to be one 
of our most active components. The committee 
sponsored a Literature Кетіеуа! Workshop in May 
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at the University of Missouri. Such workshops are 
critical to generace effective use of the automated 
literature search system, and more are being 
planned. Request a computerized search of your 
publications or a professional topic of your 
choosing—you will be impressed! 

The work of the Postwar Literature Review 
Committee is winding down. Chairman Emerson 
Babb indicates final volume 4 will be published in 
early 1982. A special offer of all four volumes will 
be made to the AAEA membership. 

J. B. Wyckoff heads a committee to provide 
travel grants to the conference of the International 
Association of Agricultural Economists meeting in 
Jakarta, Indonesia next year. The Executive Board 
allocated $7,500 of AAEA funds to support the 
grants. 

Anticipating that funding of agricultural econom- 
ics (including data systems) would be the major 
concern of Association members this year, I ap- 
pointed г blue ribbon ad hoc committee last fall 
with Bud Stanton as chairman to explore this issue 
in depth and report to the Association. Some in- 
teresting results are presented in a general session 
Wednesday morning, to be published in the De- 
cember AJAE. 

The Association is in an excellent position to 
express its views on matters of funding, data sys- 
tems, and other concerns through membership in 
the Federation of Scientific Agricultural Societies 
(Tweeten and Emery Castle representing AAEA), 
Federal Statistics Users’ Conference (Norman 
Coats, representative), Committee of Professional 
Associations on Federal Statistics (Bruce Gardner 
and Glenn Nelson, representatives) and by liaison 
with the Census Advisory Committee on Agricul- 
tural Statistics (Bruce Gardner, representative) and 
National Bureau cf Economic Research (Ed Schuh, 
representative). 

I am deeply grateful to the Executive Board, 
committee chairpersons, and to all of you for giving 
me one of the most rewarding year’s of my life. It is 
an exhilarating experience to work with such fine 
people. You provide a model of competence, dedi- 
cation, and cooperation that I will always cherish. 


Luther Tweeten, President 


Report of the Secretary-Treasurer 


The AAEA membership for 1980 was 5,845 (table 
1). There was a reduction in virtually every cate- 
gory. The circumstances relating to the change in 
the secretary-treasurer’s office can be blamed for 
this reduction which I hope will be temporary. 

The number of members who paid their dues for 
1981 on or before 1 April, and therefore received a 
ballot to vote, decreased by 102, and 197 fewer 
ballots were returned as compared to last year (ta- 
ble 2). 

The 1980 operating statement for AAEA showed 





AAEA Business 





Table 1. Number of Members and Subscrib- 
ers, 1980, with Comparisons 
Category 1978 1979 1980 
Institutional members 32 ` 34 32 
Regular members 
U.S. 2,884 2,865 2,691 
Foreign 811 870 555 
Senior members? 137 140 121 
Junior members 
U.S. 462 500 493 
Foreign 47 52 50 
Corresponding? 
U.S. 0 0 0 
Foreign 0 0 0 
Libraries & business 
U.S. 670 739 721 
Foreign 1,271 1,335 1,179 
Exchange 3 3 3 
Total 6,317 6,538 5,845 





a New, category established in 1976. 
b Category combined with regular members in 1976. 


a drastic change as compared with 1979 and previ- 
ous years (table 3). It showed a negative balance of 
$6,502.85. Caution should be noted constantly in 
analyzing operating statements. Extraordinary 
items often convey normal activity. For 1980, we 
had $73,096.42 less income, including $14,199.38 
less in dues and subscriptions, $19,624.50 less in 
page charges and reprints, and $12,119.50 less in 
Journal sales; but we had $13,116.50 increase in 
investment earnings, largely because of our bonds 
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Table 2. Number of Members Paid by 1 
April, Ballots Mailed and Returned, with 
Comparisons 








Category 1979 1980 1981 
U.S. members 2,955 3,192 3,101 
Canadian members 154 195 180 
Foreign members 535 505 509 
Total ballots mailed 3,644 3,892 3,790 
Total ballots returned 1,804 1,871 1,674 





and money mart funds. The miscellaneous income 
was $3,250 collected for industry banquet and 
$24.85 from exchange fees. 

At the same time our income decreased, our ex- 
penses increased by $48,005.14. We paid $98,400.21 
for five issues in-1980 as compared to $113,359.12 
for seven issues in 1979, a reduced outlay of nearly 
$15,000. Most of the expense items ran about as in 
the past, except for three major categories: (a) ed- 
itorial support, (b) subsidy to University of Min- 
nesota Press, and (с) miscellaneous expense, of 
which two-thirds of the increase were due to mov- 
ing the office. Not all of the moving allocation was 
spent. 

The editorial support increased by $20,870 to 
$45,370. The practice has been to pay one-half of a 
year's support to the new institution assuming the 
editorship. The documentation center allocation 
was increased by $2,000 to $17,000. The University 
of Minnesota Press was paid a $10,000 subsidy for 
publishing volume 3, which, along with the remit- 











Table 3. 1980 AAEA Operating Statement, with Comparisons 
1978 1979 1980 
Item Actual Actual Actual 
——————————————-—— ($) ---------------- 
Income: 
Dues and subscriptions: 
Regular members 100,103.27 90,203.27 78,658.37 
Senior members 825.00 687.50 504.00 
Junior members 8,116.54 9,958.64 9,491.96 
Subscriptions 56,241.25 74,516.28 72,666.98 
Corresponding 0 0 0 
Institutional 3,200.00 3,400.00 3,245.00 
Lit. retrieval 0 0 
Journal publications: 
Journal sales 7,815.89 16,834.07 4,714.57 
Page charges and reprints 36,022.73 52,240.75 32,616.25 
Advertisements (Journal) 1,195.82 1,035.00 1,265.50 
Newsletter 2,570.00 4,234.50 
Royalties 4,260.38 337.13 383.29 
Other 0 0 
Postwar Literature Review sales 13,727.50 6,153.59 1,222.16 
Investments, 16,777.52 28,788.95 41,905.45 
Annual meeting 2,000.00 8,647.34 1,780.74 
Address labels 1,140.88 1,890.56 2,803.56 
Miscellaneous 2,643.39 5,822.37 3,274.85 
San Diego 0 0 
Gain (loss) stock or bond sale 21,120.54 29,050.73 270.58 
Total 275,190.71 332,136.18 259,037.76 
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Table 3. 1980 AAEA Operating Statement, with Comparisons (Continued) 
1978 1979 1980 
Item Actual Actual Actual 
———————————————— ($) ——————————----—-— 
Expenses: 
Journal: 
Printing 71,543.25* 113,359.12» 98,400.21* 
Editorial support 22,503.00 24,500.00 45,370.00 
Priating reprints 5,313.22 7,649.88 7,469.13 
Purchase Journals 98,08 78.00 4,768.85 
Newsletter 672.00 9,455.32 7,560.28 
Lit. Retrieval/Doc. Center 15,000.00 15,000.00 17,000.00 
Postwar Lit. Review 14,754.70 3,598.50 10,597.50 
AAEA (Int. Conf.) grant 0 0 
Hanabook-Directory 0 0 
Awards 1,108.68 1,767.00 2,364.72 
Student activities 0 0 0 
General operations: 
Postage and phone 4,140.97 4,359.65 5,181.17 
Off. supplies and rrinting 8,586.15 6,038.81 7,019.97 
Annual meeting 5,250.92 1,981.73 4,134.42 
Committees 488.29 61.22 1,016.66 
Bonds 115.00 115.00 0 
Audit 5C0.00 500.00 500.00 
Sezretary-Treasurer assistant 17,388.04 17,368.98 18,151.56 
Sezretary-Treasurer honorarium 5,000.00 5,000.00 5,000.00 
Miscellaneous 13.33.79 6,702.26 31,006.14 
San Diego 0 0 
Total expenses 186,296.09 217,535.47 265,540.61 
Balance 88,804.62 114,600.71 — 6,502.85 


* For four (4) issues of the Journal. 


^ For seven (7) issues, including Parts 1 and 2 of November 1979. 


* For five (5) issues of the Journal. 


tance of book sales, made this item $10,597.50. 
Almost all of the increase in the purchase of jour- 
nals went to purchase two complete sets, on which 
we should double our money. The increase in an- 
nual meeting cost was largely because AAEA as- 
sumed the loss incurred at the University of Illinois 
in 1980. 

'The $31,006.14 miscellaneous expense category 
conzained the following items: $800 for contract 
labor; $407.00 refunds due to overpaying; 
$15 345.00 to Iowa State, which included $345 paid 
for labor in packing and loading ($15,000 to ISU); 
$40 00 for post office permit; $69.15 for repairs; 
$2,000.00 to COPFAS; 57,052.98 for evaluation re- 
por: (to be offset by a grant); $300 dues to Federal 
Sta-istics Users Committee; $3,059.34 for industry 
affeirs banquet (offset by $3,350 income): $955.27 


Table 4. USDL Operating Statement, 31 De- 
cember 1980, with Comparisons 











Ite 1278 1979 198C 
-------- ($) ------- 
Beginning balance —15.002.57 — 19,741.80 1,238.18 
Amount received 0 23,535.00 0 
Expenses 4,739.23 2,555.02 1,288.72 
Ending balance — 19,741.80 1,238.18 —50.54 


for liability insurance for directors; $899.40 for CPT 
maintenance cantract; $29.00 for CPT fire insur- 
ance; and $50.0) for copyright of the issues printed. 

Two very important facts stand out in the man- 








Table 5. Income-Expense Statement of 
Editor’s Office, 1980 
University 
of University 
Missouri of 
1977-80 Minnesota 
ltem (Total) 1980 
------ ($)------ 
Income: 
AAEA appropriation 
Journal 85,000.00 16,370.00 
Newsletter 2,000.00 0 
Total income 87,000.00 16,370.00 
Expenses: 
Salaries and fringes of 
assistant editor and 
secretary 73,311.17 13,969.82 
Postzge and telephone 8,832.85 2,103.37 
Supplies 1,129.59 235.96 
Refunded 4,021.59 0 
Total expenses 87,295.20 16,309.15 
Balance —295.20 60.85 








ve 


Е] 
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Table 6. Combined Balance Sheet, 31 December 1980, with Comparisons 














Item 1978 1979 1980 
i ea ee —— ($) == 
Assets: 
Cash-bank 12,968.72 619.19 . 18,049.73 
Cash-bank (USDL) 0 1,238.18 f 0 
Cash-UK 6,740.76 1,358.77 4,542.29 
Cash-broker 4,651.28 1,076.00 1,823.99 
Accounts receivable 0 35,555.95 35,555.95 
Investments: 
Certificates of deposit 85,046.17 1,091.52 1,150.54 
Ready assets 26,167.55 166,333.54 94,146.60 
Stocks (at cost) 129,366.50 164,985.54 172,508.50 
Bonds (at cost) 49,631.76 89,633.76 74,666.76 
Approximate market value (stocks) 178,233.375 212,667.00 283,957.125 
Approximate market value (bonds) 46,092.40 84,918.80 69,723.00 
Total assets (at market value) 359,900.255 504,858.95 508,949.255 
Total assets (at cost) 314,573.74 461,892.45 402,444.36 
Liabilities: 
USDL unspent funds (19,741.80) 1,238.18 (50.54) 
Prepaid dues 66,177.50 78,032.62 26,376.10 
Accounts payable 23,116.10 23,000.00 23,000.00 
Net worth (at cost) 245,020.94 359,621.65 353,118.80 
Net worth (at market value) 290,348.455 402,588.15 459,623.665 
Total liabilities (at market value) 359,900.25 504,858.95 508,949.225 
Total liabilities (at cost) 314,572.74 461,892.45 402,244.36 


agement of the AAEA activities. The AAEA can 
never relax on its efforts to collect dues, subscrip- 
tions, page charges, etc., and to enhance other 
income-producing activities, such as sales journals, 
advertising, address labels, etc. Second, the AAEA 
must carefully watch and control its expenditures. 
It is easy to finance a lot of good activities but are 
they worth the cost? Unless these things are care- 
fully monitored, dues must increase substantially. 
It may be too costly to the profession to know the 
price elasticity of demand for AAEA services. 

The National Registry projects started in 1973 
with a grant from the U.S. Department of Labor. It 
was renewed or modified in June 1980 for the thir- 
teenth time and was due to expire again 30 June 
1981. We ended the year with a negative balance of 
$50.54 (table 4). Upon completion of the activities, 
including the final report, additional funds from the 
$10,404 held back by USDL should be forthcoming 
to cover the actual costs incurred. 

In accordance with the policy established in 1973, 
the editor provided an income-expense statement 
for editorial support for 1980. It is incorporated as а 
part of this report (table 5}. Since 1980 was a year of 
change of editors, Rhodes gave a report for his 
tenure, 1977-80, while Houck's report covered 
only the 1980 transition. 

The balance sheet for 1980 showed a slight de- 
crease ($6,502.85) in net worth, as compared to a 
$114,600.71 increase in 1979 (table 6). The AAEA 
assets are carried on the books at cost. However, 
market values are shown for your information. À 


problem has developed over the past two years with 
accounts receivable. It appears that our debtors are 
not in any big hurry to pay the AAEA. Perhaps we 
should consider adding a 1.5% monthly charge on 
all accounts thirty days past due. 

This is my eleventh and last annual report. The 
Association is still healthy, viable, and active. With 
inflation and pressures for greater financial support 
for more and more activities, our fiscal strength can 
be sapped rather quickly. It has been a pleasure and 
certainly a great experience to have been your 
secretary-treasurer for the past eleven years. 


John C. Redman, secretary-treasurer 
31 December 1980 


Investment Report 


The portfolio subcommittee of the Finance Com- 
mittee made a few changes in our portfolio during 
1980. Our investments produced an income of 
$41,905.45 from all sources (table 1). We kept a 
large proportion in money mart funds, and the high 
interest rates were very kind to us. The $41,905.45 
return was a 45.6% increase over 1979 and 149.8% 
over 1978. All assets, carried on the books at a cost 
of $342,472.40, had a market value of $448,977.26 at 
the end of the year. A large part of our portfolio was 
near cash. The detail on our stocks—the issue, 
amount, cast, dividends, market value, sales and 
purchases—is shown in table 2, and the detail on 


Table 1. AAEA Summary of Investments, Year Ending 31 December 1980 























Ircome Value 
1 Jan.—21 Dec. 1980 Cost Market 
- --- ($) ----—- 
Stocks 
On hand, 1 Jan. 1980 164,985.54 212,667.00 
On hand, 31 Dec. 198) 172,508.50 283,957.25 
Dividends 16,014.04 
Bonds 
On hand, 1 Jan. 1980 89,633.76 84,918.80 
On hand, 31 Dec. 1980 74,666.76 69,723.00 
Interest €,225.33 
Miscellaneous? 
Money Mart Asset trust, 31 Dec. 1980 17,607.06 94,146.60 94,146.60 
Savinzs account, 31 Dec. 1980 59.02 1,150.54 1,150.54 
Total (31 Dec.) 41,905.45 342,472.40 448,977.265 








a Amoumt fluctuates. 


Table 2. AAEA Stocks, 31 December 1980 





Market Value 




















Number of Original Cividends 
Compzny Shares Cost 1980 31 Dec. 1979 31 Dec. 1980 
————-------------— ($)-—-—--------------- 
American Cyanamid 0a 600.00 17,000.00 0 
Amerizan Home Products 200 5,636.05 340.00 5,450.00 5,625.00 
Amerizan T&T 603 28,355.11 3,015.00 31,431.375 28,868.625 
Bordea 300 4,309.09 564.00 7,162.50 7,725.00 
Browning Ferris 600> -0,459.09 210.00 0 14,100.00 
Chase Manhattan 93 1,115.09 260.40 3,529.125 4,475.625 ` 
Commonwealth Edison 232 7,467.14 603.20 4,640.00 4,205.00 
Cont. Corp. 400 10,161.33 880.00 10,650.00 9,650.00 
Cont. Group 225 4,315.38 540.00 6,496.875 7,340.625 
Diamond Shamrock 400° 12,137.30 328.00 0 14,150.00 
Еххол 306 10,325.36 1,652.4C 16,868.25 24,671.25 
Foremost-McKesson 400 10, 161.33 756.0C 10,300.00 12,600.00 
Girard 400 10,767.96 788.00 10,200.00 9,500.00 
Goodyear 500 16,692.50 * 650.00 6,437.50 8,000.00 
Jewell 150 3,875.94 279.00 3,937.50 5,137.50 
MMM 200 10.626.79 560.00 10,050.00 11,800.00 
NICOR 02 — 13.32 231.875 0 
Santz Fe Indust. 300 10,299.00 780.00 15,600.00 30,750.00 
Sears Roebuck 608 1,845.38 814.72 10,944.00 9,196.00 
Southern Pacific 300 10,280.32 780.09 10,125.00 12,262.50 a 
Std. Oil-Indiana 800° 3,678.34 1,600.0) 31,550.00 63,900.00 
Total 172,508.50 16,014.14 212,667.00 283,957.125 
? Sold 500 shares ( 3056 — $15,070.67 (net on 11-20-80). Cost $15,073.43. Loss $2.76. 
> Bought 600 shares (2 174 = $10,459.09 on 6-10-80. 
© Bocght 400 shares @ 29% = $12,137.30 on 6-10-80. 
d Soll 7 shares @ 43 = $275.24 (net) on 12-4-80. Cost 0. ‘Gain $275.34. 
e $р 2 for 1 on 6-6-8C. 
Table 3. AAEA Bonds, 31 December 19&0 
Boni Rate Matures Cost Interest Market Value 
SSS Ur шты (Фуу 2—-—-—-—-----— 
‚СТТ Financial 7-5/8 1981 19,628.61 1,525.00 18,350.00 
Commercial Credit 8-7/8 1986 19,164.79 887.50 7,900.00 
Federal Farm Credit? ` 14.35 1980 — 4,352.83 — 
Federal Land Bank -7.3 1982 13,838.36 1,460.00 18,448.00 
Federal Farm Credit 14.90 1381 25,035.00 0 25,025.00 
Total 74,666.76 8,225.33 69,723.00 





a Matured on 8-8-80 at face value of $40,000, cost $40,002.00, Joss $2.00. 


AAEA Business 


our bonds is shown in table 3. 1 used the money 
mart fund heavily to earn a high rate of return on 
funds not needed for immediate payment of bills. 

The portfolio subcommittee of 1980 (John Brake, 
Richard Feltner, and myself) tried to serve you 
well. With 1980, my eleven years as either chairman 
or member of the investment (portfolio) committee 
came to a close. I learned much. 


John C. Redman 
31 December 1980 
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Report of the Finance Committee 


This annual report covers the activities of the Fi- 
nance Committee for the period August 1980—July 
1981. The primary activities during this period were 
to monitor AAEA income and expenses with spe- 
cial reference to issues relating to transferring the 
secretary-treasurer's office from the University of 
Kentucky to Iowa State University, provide guid- 
ance to the investment subcommittee, and prepare 
the 1982 budget. Members of the committee are 














Table 1. AAEA Actual Expenses and Budgets, July 1981 
1981 
1980 1980 Budget 1982 
Jtem Actual Budget (revised) Budget 
————————————————-— ($) -——-—---------—-—- 
Journal 
Editor transfer 0 12,000 0 0 
Printing 98,400 90,100 87,000 88,000 
Editorial support 45,370 28,000 41,000 41,900 
Printing reprints 7,469 7,000 10,000 10,000 
Purchase journals 4,768 0 0 0 
Postage & storage 0 15,000 18,000 20,000 
Subtotal 156,007 152,100 156,000 159,900 
Newsletter 
Printing 6,000 7,800 7,400 
Postage 3,300 5,200 5,800 
Editorial 1,100 2,600 2,600 
Subtotal 7,560 10,400 15,600 15,800 
Literature Retrieval Document Center 17,000 17,000 19,000 19,000 
Postwar Literature Review 10,597 8,000 7,000 8,000 
International Conference Travel Grant 0 0 0 5,000 
Handbook-Directory 0 0 5,000 35,000 
Awards 2,364 1,500 2,500 2,500 
Registry? 500 500 500 
Annual meeting 4,134 - 3,000 2,500 3,000 
Committees 1,016 1,500 1,500 1,500 
COPFAS, FSAS, etc.^ 2,000 2,000 2,000 3,000 
Subtotal 37,111 33,500 40,000 77,500 
Business office 
Salaries 23,152* 25,000 
Director 11,000 11,800 
Association director 10,500 11,300 
Secretarial, clerical 23,000 20,000 
Data processing 7,000 5,000 
Printing and postage 11,000 12,000 
Telephone а а 1,000 1,200 
Office supplies and support 12,200 15,000 5,000 5,000 
Bonds, insurance, and audit 500 750 2,000 2,000 
Equipment, purchase, service 0 0 5,000 2,000 
Miscellaneous 29,006 18,800 5,000 5,000 
Subtotal 64,858 59,550 80,500 75,300 
Total expenses 265,536 255,550 292,100 328,500 











а Previous budgets and operating statements did not separate the Registry. 


b Committee of Professional Associations of Federal Statistics. 
* Includes director, Association director, and secretary. 
4 Includes printing, telephone, office supplies, and support. 
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Table 2. AAEA Actual Income and Budgets. July 1981 
1981 

; 1980 1980 Budget 1982 

Item Actual Budget (revised) Budget 
—————————————————— ($) -——— ——— 

Dues and subscriptions 

Regular members 78,658 92,500 90,000 94,000 

Senior members 504 1,25¢ 2,500 2,500 

Junior members 9.491 6,25C 7,500 8,500 

Subscriptions 72.667 61,00€ 65,000 70,000 

Institutional 3.245 3,500: 3,500 4,000 

Subtotal 164,565 164,500 168,500 179,000 

Journal publication . 

Journa: sales 4,715 8,500 5,000 5,000 

Page charges and repriats 32,616 36,000 50,000 50,000 

Advert:sements 1,266 1,900 1,000 1,000 

Royalties 383 1,900 500 500 

Newsletter advertising 4,235 4,200 3,500 4,200 

Subtotal 43,215 50,700 60,000 60,700 

Postwar Literature Review 1,222 0 8,000 10,000 
Investments 41,905 23,000 35,000 40,000 
Annual meeting 1,780 3,000 1,500 1,500 
Address labels 2,803 1,500 1,500 1,500 
Miscellareous 3,274 300 25,000 4,000 
San Diego 0 Q 0 0 
Gain (loss) stock sales 273 Q 10,000 0 

Subtotal 51,257 27,800 81,000 57,000 
Total income 259.037 243,000 309,500 296,700 
Balance “income minus expenses) —6,499 — 12,500 17,400 —31,800 





a Collections on accounts rezeivabE—prinarily from ESS USDA for foods conference and operational data base study. 


John A. Hopkin, chairman. (Texas A&M Univer- 
sity), Fichard Heifner (AMS/USDA), John R. 
Brake (Cornell Universry), Richard Feltner 
(Louisville, KY), John C. 3edman (University of 
Kentucky); and Sydney James (Iowa State Univer- 
sity). Tne committee nas not met formally during 
the year. However, they have been in communica- 
tion via correspondence and telephone. 


AAEA Financial Condition 


Because the secretary-treasurer’s office was in the 
process of transfer during the period November- 
January, the Finance Committee was unable tc 
submit a coordinated report of Association income 
and expenses at the 1980 Board meeting in De- 
cember. However, completed statements of ex- 
penses and income for 1980 have been included as 
tables 1 and 2 of this report. Additionally, the 
year-end balance sheet has been reviewed and is 
included in the secretery-treasurer’s report. These 
tables indicate that the Association is in a healthy 
financial condition. Althouzh expenses exceeded 
income by about $6,500 to 1980, this net loss was 
somewhat less than projected. Three items primar- 
ily account for the increased expenses from previ- 
ous years: a $12,000 cost fo- transferring the edito- 





rial office, a $15,002 allocation for transferring the 
secretary-treasurer’s office and the jump in the cost 
for editorial support from $28,000 to $45,370. The 
net worth of the Association (at market value of 
assets) on 31 December 1980 reached an all-time 
high of about $47,000. 

Revised budget projections for 1981 are that in- 
come will exceed expenditures by $17,400. This 
projection zecognizes increased earnings and capi- 
tal gains on investments and anticipated collection 
of $25,000 in acccunts receivable, as well as a 
strong reversal of a downtrend in membership dues 
experienced in 1980. However, because of costs 
associated with tke printing of the handbook- 
directorv, a net loss of $31,800 is projected for 1982. 

In conclusion, the Association is in a strong 
financial position, with an investment portfolio of 
1.3 times its projected annual operating expenses. 
Therefore, the Finance Committee recommends 
that there be no increase in membership dues at this 
time. 


Financial Transfer of Association Books 
As of 28 July 1981, the books of the association are 


in the hands of John Redman at Lexington, Ken- 
tucky. Immediately on completion of an audit by 
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the IRS of the 1979 accounts, all record books are 
to be transferred to Iowa State University, and the 
accounts at the University of Kentucky will be 
closed, except for a balance of $100 which will 
remain at the University of Kentucky to cover costs 
of forwarding Journals and other non-first-class 
mail that should be forwarded. 

Special thanks are due to both Dr. John Redman, 
University of Kentucky and to Dr. Sydney James 
and Wesley Ebert, Iowa State University, for going 
the extra mile in effecting the transfer of the 
secretary-treasurer's office with a minimum of 
strain and disruption to the Association. 


John A. Hopkin, chairperson 


Report of Tellers Committee 


Ballots received from AAEA secretary-treasurer 
were counted in accordance with the bylaws of the 
Association to preserve secrecy. A total of 1,674 
ballots were cast. Leo Polopolus is the new 
president-elect. New directors are J. B. Wyckoff 
and Joseph Havlicek, Jr. 

We suggest that the board of directors of AAEA 
investigate the possibility of. using pencil-marked 
computer cards as the response mechanism for next 
year’s election. 


Roger A. Dahlgran 
Roger Ginder 


Report of the Editor 


The transfer of the editorial office from the Univer- 
sity of Missouri to the University of Minnesota 
proceeded smoothly. It began 1 May 1980. Much of 
the credit for this easy transition goes to former 
editor V. James Rhodes and former AJAE secre- 
tary, Donna Taylor. They were most helpful and 
cooperative at every step. Having the Journal’s 
assistant editor, Martha Luzader, continue in that 
position by moving to St. Paul was another major 
factor easing the process. 

The Minnesota editorial office is well-served by 
its new secretary, Mary Strait. Associate editors 
Benjamin Senauer and Frank Smith have assumed 
their duties with vigor and professional skill. All of 
us in the editorial office are pleased with the en- 
couragement and general support provided by the 
Department of Agricultural and Applied Economics 
and the University of Minnesota. 


AJAE Operations 
In the 12-month period 1 July 1980 to 30 June 1981, 


342 new manuscript submissions were received. 
This appears to be a new record, up 3% from the 
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333 received during the same period in 1979/80. 
New submissions arrive at a steady rate of 26—30 
per month, with no noticeable seasonality. 

In 1981, the Journal will publish 96 refereed arti- 
cles, notes, and comments in four quarterly issues 
and 70 papers and discussions in the May and De- 
cember proceedings issues. In addition, Ronald 
Schrimper, the new book review editor at North 


Carolina State University, will provide 33 new book . - 


reviews. All of this will cover about 1,150 Journal 
pages. _ | 

At any one time, about 80—100 Journal manu- 
scripts are out for review, continually engaging 
150—200 referees, many of whom are not AAEA 
members. We are amazed at the cooperation, in- 
sight, professional commitment, and promptness of 
almost all AJAE reviewers. To each of the 535 listed 
in the accompanying table, we extend sincere ap- 
preciation. We also acknowledge with thanks the 
individual and collective contributions of the Jour- 
nal’s 16-member Editorial Council whose names 
appear on the inside front cover of each issue. 

Our relations with Heffernan Press have been 
most satisfactory this year. Heffernan has cooper- 
ated well in the editorial transfer, continuing to pro- 
vide a high quality product and good service. 


AAEA Newsletter 


We will maintain the bimonthly Newsletter sched- 
ule. Because there is usually plenty of material to 
be published, the 16-page format will continue to be 
our standard. Currently, the Newsletter is being 
printed and mailed in a timely way by Bolger Print- 


. ing Company of St. Paul, MN, using computerized 


mailing labels provided by the AAEA secretary- 
treasurer’s office. 

Former editor Rhodes deserves much credit and 
the membership’s gratitude for bringing the News- 
letter to life in 1979. It was clearly an immediate 
success, filling an obvious gap in the Association’s 
service to its members. We intend to continue in the 
tradition he established. 


Secretary-Treasurer’s Office 


The transfer of the secretary-treasurer’s office from 
the University of Kentucky to Iowa State Univer- 
sity could have been troublesome for Journal and 
Newsletter operations. However, the move was 
handled so skilifully by John Redman, Sydney 
James, and their respective colleagues that scarcely 
a beat was missed in providing financial support, 
mailing labels, and other services to the Journal and 
Newsleiter. 

We look forward to another year of publishing a 
strong, broad-gauged Journal and a lively, useful 
Newsletter. 


James P. Houck, editor 
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Table 1. Reviewers, 1980-81 
em Loa eh CC 


Martin E. Abel 
Michael Abkin 

Dale W. Adams 
Roy D. Adams 
Irma Adelman 

P. K. Aiyasami 
Philip G. Allen 
Marilyn A. Altobello 
Donald E. Anderson 
Lee G. Anderson 
Robert W. Anderson 
Jeffrey Apland 
Ahmed A. Araji 
Robert Aukes 
Harry Ayer 

Carlos Baanante 
Emerson M. Babb 
Elizabeth E. Bailey 
Robert Bain 
Chester B. Baker 
Timothy G. Baker 
Malcolm D. Bale 
Pranab K. Bardhan 
Bruce B. Bare 
Randolph Barker 
Paul W. Barkley 
Howard N. Barnum 
Richard L. Barrows 
Peter J. Barry 
Sandra Batie 

C. Philip Baumel 
D. Lee Bawden 
William E. Becker 
Martin J. Beckman 
James Beierlein 
Frederick W. Bell 
David A. Belsey 
Fred Benson 

Peter Berck 

E. R. Berndt 

R. L. Berry 

David A. Bessler 
Arlo Biere 
Christopher Bingham 
James Binkley 

Hans P. Binswanger 
Richard C. Bishop 
Leroy 3lakeslee 
David Blandford 
Betty J. Blecha 
Nancy E. Bockstael 
Michael D. Boehlje 
William: G. Boggess 
Richard N. Boisvert 
James T. Bonnen 
Garnett Bradford 
John R. Brake 

J. A. Brandt 

Maury E. Bredahl 
Harold F. Breimyer 
Michael Brewer 
Vernon M. Briggs 
Lars G. Brink 
Daniel W. Bromley 
Williar. G. Brown 
Oswald H. Brownlee 
W. Keith Bryant 


Steven T. Buccola 
Bruce Bullock 
Oscar R. Burt 
Rueben C. Buse 
Walter R. Butcher 
Boyd M. Buxton 
Peter Calkins 
Wilfred Candler 
Oral Capps, Jr. 
Thomas Carlin 
Gerald A. Carlson 
Emery N. Castle 
Richard E. Caves 
Robert Chambers 
Jean-Paul Chavas 
Steven N. S. Cheung 
Peter K. Clark 
Richard Clark 
Edward J. Clay 
Elizabeth Clayton 
Willard W. Cochrane 
L. R. Cohen 

Keith J. Collins 
Robert A. Collins 
Howard E. Conklin 
Michael L. Cook 
Thomas F. Cooley 
Dennis C. Cory 
Eric Crawford 
Richard J. Crom 
Pierre Crosson 
Reynold P. Dahl 
Roger A. Dahlgran 
Dana G. Dalrymple 
Leon E. Danielson 
Lee M. Day 

A. S. Deaton 

David Debertin 
John De Boer 
Christopher Delgado 
Johannes Delphendahl 
Anil B. Deolalikar 
John L. Dillon 
Bruce Dixon 

Craig L. Dobbins 
William D. Dobson 
Gerald A. Doeksen 
Otto C. Doering, III 
John P. Doll 
Graham F. Donaldson 
Peter Dorner 

Folke Dovring 
Richard W. Dunford 
James Easley 

K. William Easter 
David Eastwood 
Bobby Eddleman 
Kenneth E. Egertson 
Vernon R. Eidman 
Edwin J. Elton 
Peter M. Emerson 
Gerald Engelman 
Milton H. Erickson 
David Ervin 
Edmund A. Estes 
Sidney Evans 
Robert Evenson 


Arnold Faden 
Sally Fairfaz 
Walter P. Falcon 
Gershon Fede- 
David Felix 

Barry C. Fielc 
Darrell Е, Fienup 
Robert M. Firley 
Robert S. Firch 
Brian S. Fisher 
Lee Fletcher 
Stanley M. Fletcher 
Roger Fox 

J. W. Freebaim 
Donald Freebzirn 
Ben C. Frenck 
Varden Fuller 
Steven W. Fuller 
Wayne A. Fuler 
Gene Futrell 

Paul Gallagher 
Philip Garcia 

B. Delworth Gardner 
Bruce Gardner 
Leon Garoyan 
John M. Gates 
Christopher Gerrard 
John Geweke 

Leon Geyer 

Ray A. Goldberg 
Frank M. Goode 
Carl H. Gotsch 
Kenneth R. Gray 
Roger Gray 
Rishard Green 
Robert Green 
Hans Gregersen 
Wade Gregory 
Steven C. бібл 
Wade L. Griffin 
William E. Griffiths 
Zvi Griliches 

John Groenew2gen 
Ernest W. Grcve 
Russell L. Gum 
Duane Наск:авіег 
Thomas F. Hady 
Lana L. Hall 
Milton C. Halberg 
Jerome Hammond 
Charles Handy 
Michael Hanemann 
David E. Hansen 
Tan Hardie 

Neil Harl 

David Harrington 
Duane G. Harris 
Ес Harshbarger 
Zuhair A. Hassan 
James B. Наѕ9ег 
Arthur Havenrer 
Joseph Havlicek, Jr. 
Yujiro Науат 
Marvin L. Harenga 
Peter Hazell 

Earl O. Heady 
James Heckmen 
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Dale Heien 
Richard G. Heifner 
John Helmberger 
Peter Helmberger 
Robert W. Herdt 
William M. Herr 
Roger Hexem 

L. Dean Hiebert 
Tom A. Hieronymus 
Lowell D. Hill 

R. Carter Hill 
Fred J. Hitzhusen 
Irving Hoch 
George Hoffman 
Duncan M. Holthausen, Jr. 
Dale M. Hoover 
John A. Hopkin 
Anwarul Hoque 
Gerald L. Horner 
Robert M. House 
Charles W. Howe 
Barbara Huddleston 
Darrell L. Hueth 
Wallace Huffman 
Robert Hunt 
Verner G. Hurt 
Leroy J. Hushak 
Risto Ihamuotila 
Cathy Jabara 
Frank G. Jarrett 
Lovell S. Jarvis 
Mark S. Jelavich 
Harald Jensen 
Helen Jensen 

E. V. Jesse 

D. Gale Johnson 
Glenn L. Johnson 
Marc A. Johnson 
O. E. G. Johnson 
Paul R. Johnson 
Bruce F. Johnston 
Robert W. Jolly 
Bob F. Jones 

Tim Josling 
Richard E. Just 
K. Rao Kadiyala 
Kandice H. Kahl 
Toshiyuki Kako 
Arie Kapteyn 
Ronald D. Kay 
David Kenyon 
Mahmood H. Khan 
W. E. Kibler 
Gordon A. King 
Richard A. King 
Robert P. King 
Jean Kinsey 

Yoav Kislev 
Robert W. Klepper 
Jack L. Knetsch 
Glenn A. Knowles 
T. A. Kofi 
William E. Kost 
Randall Kramer 
Wesley R. Kriebel 
John E. Kushman 
Walter C. Labys 
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Table 1. Continued 





Jean-Jacques Laffont 
R. McFall Lamm 
David B. Land 

Max R. Langham 
Mack Leath 

Ivan Lee 

Linda K. Lee 
Lung-Fei Lee 
Harvey Leibenstein 
Frederick L. Leistritz 
Milburn L. Lerohl 
William Lesser 
Raymond M. Leuthold 
Lawrence Libby 
William W. Lin 
Robert Lindner 
Robert Litterman 
Samuel H. Logan 
Ramon Lopez 

C. A. Knox Lovell 
Yao-Chi Lu 

Clifton Luttrell 

Alex McCalla 

Bruce McCarl 
Kenneth E. McConnell 
R. J. McConnen 

J. A. McQuown 
Dennis Maki 

Wilbur R. Maki 

G. Wayne Malone 
Alden C. Manchester 
Lester Manderscheid 
J. S. Mann 

Marilyn Manser 
Lockwood Marine 
Bruce Marion 
Donald R. Marion 
Frank Martin 

Larry J. Martin 

Lee R. Martin 
Marshall Martin 
Michael Martin 
Philip Martin 
William E. Martin 
Robert Masson 
Steve Matthews 
Scott C. Matulich 
Karl D. Meilke 
William H. Meyers 
Jon R. Miller 
William L. Miller 
Robert Milligan 
Marvin Miracle 

John A. Miranowski 
Donald O. Mitchell 
Ronald C. Mittelhammer 
Eric Monke 

Cynthia Taft Morris 
Timothy Mount 
Mohinder S. Mudahar 
Willard F. Mueller 
Wesley N. Musser 
Walter P. Neely 

A. Gene Nelson 
Forest D. Nelson 
Glenn L. Nelson 
Ken E. Nelson 


Michael Nelson 
Paul E. Nelson 
James Nix 

George Norton 
Roger Norton 
Virgil J. Norton 
Andrew Novakovic 
Frank O'Connor 
Ronald Oliveira 
Mancur Olson, Jr. 
Peter Oram 

Don Paarlberg 
Philip L. Paarlberg 
William M. Park 
E. C. Pasour, Jr. 
Allen Paul 

Arnold Paulsen 
Douglas K. Pearce 
Anne Peck 

J. B. Penn 

John B. Penson, Jr. 
Richard K. Perrin 
Martin K. Perry 
Charles H. Peterson 
Willis Peterson 
Todd Petzel 

Louis Phlips 

Tom R. Pierson 
Per Pinstrup-Andersen 
James Plaxico 
Peter Pollak 

Leo Polopolus 
Giulio Pontecorvo 
Rulon D. Pope 
Lee F. Preston 
David Price 

Fred J. Prochaska 
Wayne D. Purcell 
Malcolm Purvis 
Allen P. Rahn 
Daryll Raitt 

V. Ramachandran 
Allan Randall 
Norman Rask 
Ronald A. Ratti 
Robert Raunikar 
Philip M. Raup 
Gordon Rausser 
Daryll E. Ray 
Anthony J. Rayner 
Barbara Redman 
Edward Reinsel 
Robert D. Reinsel 
Gary C. Reisner 
Shlomo Reutlinger 
Clark Reynolds 

J. E. Reynolds 
James W. Richardson 
Harold M. Riley 
Kenneth Robinson 
Lindon Robison 
Terry Roe 

jacques Rolfo 
Sherwin Rosen 
Mark Rosenzweig 
John Rosine 
Ahmad Rostamizadeh 


James Roumasset 
Jeffrey S. Royer 
Clifford S. Russell 
Vernon W. Ruttan 
James G. Ryan 
Timothy J. Ryan 
Charles Safley 
Larry Salathe 
William Sander 
Fred Sanderson 
Alexander Sarris 
Kazuo Sato 
Pasquale Scandizzo 
Lyle Schertz 

Fritz Scheuren 
Gerald E. Schluter 
Andrew Schmitz 
John Schnittker 
Richard Schoney 
David M. Schoonover 
Andrew Schotter 
Lee F. Schrader 
Ronald A. Schrimper 
G. Edward Schuh 
Gerald Schwab 
Grant M. Scobie 
John T. Scott 
David Seckler 
Wesley Seitz 
Roger Selley 

Carl E. Shafer 
James D. Shaffer 
Haim Shalit 

Jerry A. Sharples 
Robert J. Shiller 
C. Richard Shumway 
Amar Siamwallah 
Surjit S. Sidhu 
Eugene Silberberg 
John Sjo 

David Smallwood 
Blair Smith 

Victor E. Smith 

V. Kerry Smith 

J. Herbert Snyder 
Mostafa Soliman 
Vernon Sorenson 
Stephen H. Sosnick 
Thomas H. Spreen 
John D. Spriggs 

B. F. Stanton 
David C. Stapleton 
Robert Stern 
Robert D. Stevenson 
Tom Stinson 
Herbert H. Stoevener 
Ivar Strand 
Abraham Subotnik 
Vasant Sukhatme 
W. B. Sundquist 
Raymond J. Supalla 
Gene Swackhamer 
Gurushri Swamy 
Earl Swanson 

T. Takayama 
Hovav Talpaz 

Don C. Taylor 





Lester D. Taylor 

D. E. Teeguarden 
Lloyd Teigen 
George Temple 
Kenneth Thomas 
Jerry Thompson 
Robert L. Thompson 
Stanley R. Thompson 
Kenneth J. Thomson 
Eric Thor 

Thomas Tice 

C. Peter Timmer 
Richard Todd 
William Tomek 
Randall Torgerson 
W. Bruce Traill 
James Trapp 
Richard W. Tresch 
Ronald Trosper 
Stephen Turnovsky 
Luther G. Tweeten 
Fred H. Tyner 
Wallace E. Tyner 
Timothy J. Tyrrell 
Joseph N. Uhl 
Nelson J. Updaw 
Henry Vaux 
Hrishikesh D. Vinod 
Peter Vitaliano 

J. D. Von Pischke 
John Waelti 

Tom Waggoner 
David J. Walker 
Larry J. Walker 
Odell Walker 
Ronald W. Ward 
Philip F. Warnken 
Peter G. Warr 
Robert Weaver 
Steven B. Webb 
Adolf Weber 

Finis Welch 

Delane Welsch 

E. Boyd Wennergren 
Donald Alan West 
Randall E. Westgren 
Michael Wetzstein 
F. Weymar 

Ross S. Whaley 
Fred C. White 
Maurice Wilkinson 
Willard F. Williams 
Cleve E. Willis 
John F. Wilson 
Don Winkelmann 
Michael Wohlgenant 
Abner Womack 
Michael L. Wyzan 
Pan A. Yotopoulos 
Douglas Young 
Robert A. Young 
Glenn A. Zepp 

Rod Ziemer 

David Zilberman 
Barbara Zoloth 

Paul S. Zukerman 
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Report of the Awards Committee 

Special Award 

John C. Redman, University of Kentucky. 
Distinguished Extension Programs 


Individual. Richard L. Barrows, University of Wis- 
consin. 

Group. Gerald A. Doeksen and James В. Nelson, 
Oklahoma State University. 


Distinguished Policy Contribution 
Robert G. F. Spitze, University of Illinois. 
Distinguished Undergraduate Teaching 


Less than ten years’ experience. Kenneth L. Casa- 
vant, Washington State University. 

More tnan ten years’ experience. №. David Dow- 
ney, Purdue University. 


Publication of Enduring Quality 


Marion Clawson, Methods of Measuring the De- 
mand fer and Value of Outdoor Recreation. Wash- 
ington, D.C.: Resources for the Future, 1959. 


Outstanding Journal Article 


William G. Tomek, ''Price Behavior on a Declin- 
ing Terminal Markez.” Amer. J. Agr. Econ. 
62(19801:434—44. 


Quality of Communication 


Arley D. Waldo, Carole B. Yoho, Norbert A. Dorow, 
Thomas Ostenson, B. L. Flinchbaugh, and Everett 
Peterson. "Property Taxes—Reform, Relief, Re- 
peal?” N. Cent. Reg. Extens. Pub. No. 39 and 
Minnesota Agr. Extens. Bull. 447, 1980. 

Harold G. Halcrow. Economics of Agriculture. 
New York: McGraw-Hill Book Co., 1980. 
Honorable Mention. Philip M. Raup. ''Competitior. 
for Land and the Future of American Agriculture." 
The Future of Americcn Agriculture as a Strategic 
Resource, ed. Sandra S. Batie and Robert G. 
Healy. Washington, D.C. The Conservstior 
Foundation, 1980. 

Honorable Mention. Robert G. F. Spitze, Marshall 
A. Martin, Milton C. Hallberg, Tom A. Stucker, 
Alex F. McCalla, Bruce Gardner, Willard W. Coch- 
rane, ard Sylvia Lane. Anaiysis of Food and Ag- 
riculturcl Policies for the Eighties, ed. R. G. F. 
Spitze and M. A. Martin. North Cent. Reg. Res. 
Pub. Nc. 271 and Ill. Bull. 764, Nov. 1980. 


Quality of Research Development 


Oscar R. Burt, Won W. Koo, and Norman J. Dud- 
ley. ''O»timal Stochastic Control of U.S. Wheat 





Amer. J. Agr. Econ. 


Stocks and Exports." Amer. Econ. 
€62(1980):172- 87. 

LeRoy Blakeslee. Post World War II Government 
Policy Impacts on the U.S. Wheat Sector. College 
of Agriculture Res. Cent. Tech. Bull No. 93, 
Washington State University, 1980. 

Honorable Mention. Richard E. Just and Wen S. 
Chern. "Tomatoes Technology and Oligopsony."' 
Bell J. Econ. 11(1980):584—602. 

Honorable Mentior. Alan Randall and John R. Stoll. 
Economic Surplus and Benefit-Cost Analysis. Dep. 
Agr. Econ. AER Rep. No. 35, University of Ken- 
tucky, Oct. 1980. 


J. Agr. 


Outstanding Ph.D. Thesis 


Christopher Dougias Easter. ‘‘Supply Response 
with Stochastic Technology in Australia's Rural 
Export Industries." University of California-Davis 
(Quirino Paris, adviser). 

Frederick Ian Johnson. ‘‘An Analysis of Brazil's 
Sugar Program, 1253-1975." University of Min- 
nesota (Anne Krueger, adviser). 

John Raymond Stoll. ‘‘The Valuation of Hunting 
and Related Amenities: A Conceptual and Empiri- 
cal Approach." University of Kentucky (Alan 
Randall, adviser). 


Honorable Mentioa (Ph.D. Thesis) 


Saleh Halwan Humaidan. ‘‘Policies and Manage- 
ment Guidelines for Optimum Resource Utilization 
at Al-Hasa Irrigation and Drainage Project, Saudi 
Arabia." Oklahoma State University (Dean F. 
Schreiner, adviser). 

Richard Mathew Klemme. ‘Ап Economic Analysis 
of the On-Farm Grain-Handling Decision Prob- 
lem." Purdue University (David A. Bessler and 
Bruce A. McCarl, advisers). 

Glenn Darwin Pederson. ‘А Conceptualization and 
Analysis of the Distributional Impacts of Alterna- 
tive Agricultural Credit Policies." Michigan State 
University (John R. Brake, adviser). 


Outstanding Master’s Thesis 


Richard Clay Barnett. "The Relationship between 
Domestic and International Liquidity and Nominal 
Agricultural Prices: A Time-Series Analysis." Pur- 
due University (David A. Bessler and Robert L. 
Thompson, advisers). 

Randall Rey Rucker. “The Dynamics of Montana 
Beef Cattle Inventories.” Montana State Univer- 
sity (Oscar R. Burt, adviser). 

Ralph Semprevio. ' Estimation of Economic Struc- 
tural Parameters and Multipliers under Conditions 
of Multiccllinearity in Simultaneous Systems.” 
Virginia Pclytechniz Institute and State University 
(Oral Capps, Jr., adviser). 

Honorable Mention: Otto John Loewer. ‘Тһе Eco- 
nomic Potential of On-Farm Biomass Gasification 
fer Corn Drying.’’ Michigan State University (Roy 
Black, adviser). 


AAEA Business 


Honorable Mention: Abu Baker Bin Man. “Ап 
Econometric Analysis cf the World Natural Rubber 
Market.’’ Cornell University (Devid Blandford, 
adviser). 

Honorable Mention: James Biklen Pendleton. '' Allo- 
cation and Technical Efficiency of Traditional Ag- 
riculture in Northern Nigeria." Kansas State Uni- 
versity (David W. Norman, adviser). 

Honorable Mention: Robert M. Schoening. ‘Кеа! 
Property Assessment Equalization and Preferential 
Assessment of Missouri's Agricultural Land: Ef- 
fects on the Tax Incidence of Real] Property Catego- 
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ries." University of Missouri (David Ervin, ad- 
viser). І 
Honorable Mention: Randolph Michael Sokal. ‘Тһе 
Economic Effects of an Alternative to the Statutory 
Grain Freight Rates." University of Manitoba 
(E. W. Tyrchniewicz, adviser). 

Honorable Mention: Yves Surry. ‘Ап Econometric 
Study of Future Trends in Demand for Soybeans 
and Soybean Products in France.’’ University of 
Guelph (Karl Meilke, adviser). 


Anne E. Peck, chairperson 


Minutes 


Minutes of the Executive Board Meeting, St. Louis, 
Missouri 


The Executive Board acting as a program commit- 
tee met in an informal session on 9 December 1980 
at 8:00 p.m. to discuss the program for the 1981 
meeting to be held at Clemson University. 


The cfficial meeting of the Executive Board was 
called to order by Fresident Tweeten at 8:30 a.m. 
on 10 December 1980. 


Present: Voting members: 
Tweeten, Brown, Eennis, Heifner, Hopkin, Mar- 
tin, Harl, King, Schuh 


Members ex officio: 
Koch Redman 


Guests: 
James (secretary-treasurer designate), 
(editor designate), Pittman, Ikerd, Coats 


Houck 


1. Tweeten reviewed the agenda and obtained 
approval by general consensus. 

2. Redman presented the minutes with correc- 
tions of the previously circulated copies of the 
26—27 July 1980 meeting held at Urbana, Illinois. 
Brown moved the approval as corrected. Sec- 
onded. Passed. 

3. Redman gave a preliminary report on the 
financial condition. The books will not be closed 
until 31 December, but reported that dues collec- 
tion was down and payments on accounts due were 
slow. There appears to be a loss of about $1,650 on 
the annual meeting at Urbana. Hopkin moved that 
AAEA support the secretary-treasurer's assistant 
for one month and hopefully not more then two 
months for the purpose of closing the office 
smoothly at Kentucky. Seconded. Passed. 

4. James, secretary-treasurer designate, -e- 
ported that computecization of membership records 
was progressing nicely and that additional equip- 
ment was needed for the office. Hopkin moved that 
Iowa State University be authorized to purchase for 
AAEA suitable dic-ating and transcribing equip- 
ment. Seconded. Passed. 

5. Hopkin reported for the Finance Committee. 
The portfolio subcommittee requested a re- 
confirmation of the authority by the Finance Com- 
mittee to buy or sell equities up to 15% of the value 
of common stock in the portfolio without prior Ex- 
ecutive Board approval. The Board clarified that 
the 15% limit was for the interval between Board 
meetings. Schuh suggested that the budgets for the 
past five years be prepared in ‘‘real terms” and that 


portfolio values be adjusted to reflect ‘‘real values" 
by using some acceptable index. No action was 
taken. 

6. Schuh moved that the fidelity bond for the 
incoming secretary-treasurer be set at $100,000 and 
each secretarial assistant be at $10,000. Seconded. 
Passed. 

7. Tweeten presented the report for Rhodes as 
outgoing editor. 

8. Houck, as incoming editor, reviewed his 
plans and concerns and recommended that AAEA 
pay $200 as moving expenses for Martha Luzader. 
Hopkin moved that AAEA réimburse Martha 
Luzader approximately $200 for moving expenses. 
Seconded. Passed. 

9. Pittman reported on the activities being 
planned for the 1981 annual meeting at Clemson. 
Hopkin moved that the Clemson planning group be 
authorized to invite commercial concerns to have 
exhibits on a cost plus a fee schedule. Seconded. 
Passed. The secretary-treasurer is to provide mail- 
ing labels for mailing the meeting materials. 

Hopkin moved that AAEA guarantee actual loss- 
es to Clemson University up to a limit equal to the 
difference between actual registration of members 
and 1,000 members times $30; and that Clemson 
and AAEA share in any surplus on a 50-50 basis. 
Seconded. Passed. 

10. Ikerd presented comments on the role of the 
extension economist in the agricultural economics 
profession and in the AAEA. He expressed concern 
that extension economists do not have equal oppor- 
tunity fer publication in AJAE or as contributed 
papers at the annual meetings. The primary concern 
has been with research. The following proposals 
were specifically made: 

(a) to include an economist with extension re- 
sponsibility as one of the responders in all invited 
papers sessions at AAEA annual meetings; 

(b) to identify selected papers sessions and or- 
ganized symposia at the AAEA annual meetings 
with a rank order identification of potential interest 
with respect to research, extension, teaching, and. 
industry members; 

(c) to utilize the last half day of the AAEA an- 
nual meetings as meetings of the various segments 
within the association; research, teaching, exten- 
sion, and industry; 

(d) to require that the three top extension pro- 
grams selected bv the AAEA awards committee be 
shared with the other extension members of the 
AAEA: 

(e) to include presentation of the top three ex- 
tension programs in each category (group and indi- 
vidual) as a part of the AAEA annual meeting. 

11. Hopkin mcved that AAEA endorse in princi- 
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ple the cosponsorship of a symposium on ''The 
Role of Professional Economists in Policy Work." 
Final approval will be subject to the endorsement of 
the AAEA Professional Activities Committee and 
the approval by a majority of the Executive Board 
when the program is developed. Seconded. Passed. 

12. Coats reported on Federal Statistics Users 
Conference, indicating that AAEA would continue 
to support the FSUC and continue with the con- 
tacts already established. 

13. The AAEA Membership Committee ex- 
pressed interest in cross-checking names of mem- 
bers with the regional associations with the view of 
increasing membership of all associations. 

14. Harl reported for the Resident Instruction 
Committee. He listed goals as follows: (a) obtain 
approval of a revised student section constitution 
and proposed revisions to AAEA Bylaws to imple- 
ment changes; (b) revise the brochure '*Economists 
in Agriculture, Business, Government, and Rural 
Affairs”; (c) develop an annual teaching workshop 
program; (d) promote student papers at the annual 
meetings; and (e) promote undergraduate student 
involvement in AAEA activities. 

King reviewed the revised draft on the Student 
Section of AAEA Bylaws (Article XIII) and the 
proposed national constitution of the Student Sec- 
tion, American Agricultural Economics Associa- 
tion. Harl moved the approval of the revised sec- 
tion of the AAEA Bylaws (Article XIII) and the 
proposed constitution of the Student Section of 
AAEA. Seconded. Passed. 

King moved that the proposal to revise the 
brochure be negotiated with Iowa State University 
as proposed. Seconded. Passed. 

Harl led the discussion on developing a sym- 
posium or workshop on resident instruction and 
will convey to the committee the general sentiment 
of the Board to encourage the development of 
workshops. 

There was a favorable reaction to the suggestion 
that the student chapters should receive the AAEA 
Newsletter as an encouragement of a greater in- 
volvement in AAEA activities. 


Note: Because Redman had to leave early, James 
took the minutes that follow. 


15. Dennis reported for the Industry Affairs 
Committee. He suggested a symposium around the 
subject ''Embargoes Evaluated.” It was decided 
that the industry group could handle the $100 hon- 
orarium needed for the banquet speaker at the an- 
nual meetings. This committee has a high priority 
goal of increasing the number of members. They 
request that the annual dues reminders go out ear- 
lier along with regular members. 

16. It was moved by Schuh that the following 
committees be made standing: Extension, Interna- 
tional, Industry, and Nominating. Seconded. 
Passed. 
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17. It was suggested that financial grants be 
sought now for the International Association of Ag- 
ricultural Economists meeting in Jakarta, In- 
donesia, August-September 1982. It was moved by 
Schuh that the president appoint a committee on 
travel grants. Seconded. Passed. 

18. James reported for the Handbook-Directory 
Committee. They recommend that the Association 
make maximum use of the Registry of Agricultural 
Economists (RAE) data base to produce the 1982 
issue; that the new form being developed by Illinois 
State Employment Service (ISES) to collect RAE 
information be used in a joint effort, that the Board 
take action to encourage members to register for 
the RAE and the president prepare a letter to ac- 
company the mailing to members; and that the 
Handbook-Directory contain name,  address/ 
telephone, rank or title, current employer, previous 
employer (three), nature of current employment 
activity, field of specialization, education, year of 
birth, citizenship, and current interest or research. 
It was moved, seconded, and passed that AAEA 
cooperate with RAE in the above outlined manner. 

19. The work of the Publication of Postwar Lit- 
erature Review Committee is winding down. Vol- 
ume 3 will soon be off the press and volume 4 is in 
progress. 

20. The Status of Blacks Committee is moving 
with deliberate speed. They are obtaining a mem- 
bership list. There is a need to encourage more 
blacks into the profession, but a data base is needed 
first. 

21. Tweeten discussed the Federation of Scien- 
tific Agricultural Societies (FSAS). The purpose of 
FSAS is to provide a forum for interdisciplinary 
communication and to enhance the capability of 
scientific agricultural societies to speak in a unified 
voice, re, national goals and priorities related to 
education and research; advise and counsel on pub- 
lic policy; assist colleges and universities in efforts 
to maintain and strengthen programs in research, 
teaching, and extension. King moved support and it 
was seconded and passed. King moved that Castle 
be asked to represent AAEA at the 17 February 
meeting. Seconded. Passed. 

22. Considerable time was spent in developing 
the framework and identifying individuals for the 
invited papers section of the annual meeting. Also 
much discussion went into the consideration of and 
selection of nominees to forward to the Fellows 
Selection Committee. 

23. Meeting adjourned. 


Respectfully submitted, 
John C. Redman, secretary-treasurer 
Sydney James, secretary-treasurer (designate) 


Minutes of the Executive Board Meeting, Clemson 
University 


The meeting was called to order by President 
Tweeten at 8:30 a.m., 25 шу 1981. 
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Present: Voting members: 
Tweeten, Schuh, King, Brown, Hopkin, Dennis, 
Harl, Heifner, Martin 


Members ex officio: 
Ebert, Houck, James, Polopolus, Wyckoff, Hav- 
licek 


Guests: 

Babb, Badger, Beattie, Bevins, Cordes, Eddleman, 
Evans, Faris, Fienup, Harris, Ikerd, Lewis, Peck, 
Robinson, Stanton, and various other committez 
membe-s and reportirg individuals 


1. Harl moved the adoption of the agenda as 
. prepared by Tweeten. Seconded. Passed. | 

2. Local arrangements for the following annual 
meeting were reviewed by Robinson and Faris. The 
goal of 1,000 registraats had been reached. There 
were no apparent problems. A dinner with the local 
staff, board members, and spouses was announcec. 

3. Tweeten reported the results of the election 
with Polopolus, president-elect, and Havlicek and 
Wyckoff replacing Brown and Hopkin as directors. 
The secretary-treasurer was granted permission to 
work with next year’s Teller Committee in comput- 
erizing the counting of ballots. 

4. The December 1980 minutes of the Board 
were presented and approved as amended by the 
following addition. It was moved by Schuh that the 
specific proposals made by the Extension Affairs 
Committee be detailed. Seconded. Passed. 

5. James and Ebe-t reported on the status and 
condition of the busin2ss office. They reported that 
the move from Kentucky went smoothly with good 
cooperation. Space of one large room and one small 
office seems adequate and most refiling has been 
accomplished. Needed equipment has been pur- 
chased. The CPT wozd-processor is a much used 
item which simplifies office operations. 

Much effort has been spent in computerizing 
membership and subscription name and address 
lists. This is now complete and a new program has 
been written which will incorporate Handbook- 
Directory information. Biographical data from the 
Employment Registry will be transferred early this 
fall. Additionally, the new program will contain 
personel information and data useful to the presi- 
dent and directors for management purposes. 

A new liability insucance policy for the Associa- 
tion has been purchased and the office staff are all 
bonded. Dougherty & Company, certified public 
accountants, have been engaged to perform the an- 
nual audit. They will prepare the required federal 
tax forms. 

The Western and Northeastern Associations 
were pleased with the joint dues billing for 1981. 
The Western Association increased their member- 
ship by about 200. Both wished to continue tha: 
service. Tweeten expressed the need for reciprocal 
arrangements. This met with Board approval. 
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The following motions followed the secretary- 
treasurer's report: 

(a) Schuh moved ‘‘that a new class of member- 
ship be activated to be known as family member- 
ship for tke spouse of a regular member and addi- 
tional family members who are under the age of 18 
and who ere members of the family of the regular 
member. The dues per family membership shall be 
$12.50 per person per year. Individuals holding fam- 
ily membership shall not be entitled to receive, as 
part of membership in the Association, copies of 
the Journal or Newsletter." Seconded. Passed. 

(b) Horkin moved ‘‘that the maximum period of 
Student membership be increased from 3 to 5 
years." Seconded. Passed. 

(c) Schuh moved "'that beginning with 1982 
dues, foreign memberships and subscriptions (out- 
side of the U.S., Canada, and Mexico) be assessed 
$4 to cover additional mailing and handling fees 
instead of the current $2 charge." Seconded. 
Passed. 

(d) Schuh moved ‘‘that the fee to back-order 
issues of the Journal be increased from $1 to $2 for 
those who pay dues later than January 15." Sec- 
onded. Passed. 

6. Hopkin reported for the Finance Committee. 
The detail of budgets and receipts and expenses 
appear as a separate report. The 1981 budget and 
yaar-to-date accounting figures were reviewed. The 
1982 budget was presented. After adjusting the 1982 
budget for changes caused by Board action, it was 
approved by the Board. A $17,400 surplus is 
budgeted for 1981 following a $6,499 deficit in 1980. 
The projected deficit in 1982 is estimated to be 
$31,800. This is the approximate cost of printing the 
Handbook-Directory. Jt was moved by Hopkin, 
seconded and passed, ‘‘that there not be an in- 
crease in cues in 1982. This deficit would be cov- 
ered from stock investments of the Association. 

The Portfolio Subcommittee reported selling 
Browning--erris stock which had doubled its value 
in one year. Profits from this sale plus money- 
market investments were used to purchase four 
new stocks for a total of about $34,000. The total 
current value of the portfolio is near $511,400 con- 
sisting of $278,000 stocks, $94,600 bonds, and 
$:38,000 money-market assets. Harl moved adop- 
tion of the revised 1981 budget. Seconded. Passed. 
Hopkin moved adcption of the 1982 budget. Sec- 
onded and passed after revision incorporating other 
Board action. 

7. Hopkin reported that the Ad hoc Transfer 
Committee had finished its work with the move of 
the business office to Ames, Iowa, completed. 
Taere are some financial records and some funds 
still in Kentucky, but these will be transferred 
within a few weeks. The 1980 audit has been 
finished and the 1979 IRS tax audit will soon be 
completed. 

Schuh moved *'that the Transfer Committee be 
dissolved with a vote of thanks." Seconded. 
Passed. 
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Hopkin moved ‘‘that $100 be left in Kentucky for 
use by John Redman for postage and miscellaneous 
expenses." Seconded. Passed. 

8. Houck reported on the condition and situa- 
tion of the editorial office. The transfer from Mis- 
souri to Minnesota proceeded very smoothly. 
There was good cooperstion by all. He was pleased 
with the four-up labels and computerization of 
names and addresses. Mailing has gone very well. 

During the past 12 months 342 new manuscript 
submissions were received—a record number. In 
1981 the Journal will publish 96 refereed articles, 
notes, and comments. Át any one time there are 
80—100 manuscripts out for review engaging 150— 
200 referees. 

Bimonthly issues of the Newsletter will continue 
in 1982 under the current format. It is being printed 
by Bolger Printing Company of St. Paul, MN. 
There may be need in some future period to sepa- 
rate the Newsletter editor from the Journal editor. 
The functions and operations are such as to make 
this feasible. The Newsletter editor could do some 
things that the current editor dces not have time 
for. 

Havlicek will need to be replaced on the Editorial 
Board because of his recent election as director. 

The difficulty of assigning page charges to pro- 
ceedings issues was discussed. It was moved by 
Harl ‘‘that no charge be levied on the president's 
address, fellow's lecture, and invited addresses. All 
other papers presented would be assessed a page 
charge fee the same as for other issues of the Jour- 
nal. Specific waivers can be granted by the editor 
with concurrence of the president. This policy 
applies equally to proceedings of the Allied Social 
Science Association." Seconded. Fassed. 

The large inventory of back issues of the Journal 
was discussed in detail. That inventory currently 
contains about 45,700 issues weighing about 18 tons 
and occupying 1,500 cubic feet of storage space. A 
graduated number was suggested for inventory con- 
trol ranging from about 50 for older issues to 500 for 
more recent issues. Storage of these costs the As- 
sociation about $1,000 per year. Harl moved ''that 
the Association undertake during 1982 under the 
auspices and supervision of the secretary-treasurer 
ofthe Association, a campaign to provide an oppor- 
tunity for individuals, firms, libraries, and others, to 
obtain copies of the Journal, published before 1980, 
at $2.50 per copy for North American purchasers 
and $3.00 per copy for other purchasers. The sale to 
be carried out on a first come, first served basis. 
Sales are to be discontinued whenever inventories 
fall below 7596 of the levels suggested in the 
memorandum, '"AJAE Inventory Policy dated 25 
July 1981." 

Considerabie discussion centered around alterna- 
tive forms for publishing the writings and work of 
Association members. A need was expressed in 
particular by the extension group but also included 
those in teaching and industry. Reference was to an 
earlier study of this matter appearing in vol. 60, no. 
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5 (Dec. 1978), pp. 1094-8, of the Journal. President 
Schuh will appoint another committee to again look 
at this matter..Concern was expressed by letter and 
in the Extension Committee report. 

9. King by assignment presented a resolution 
supporting the establishment of a National 
Academy of Agricuitural Sciences. King moved 
adoption and it was seconded and passed. The reso- 
Iution will appear serarately as part of the business 
meeting minutes. King presented a list of suggested 
changes which clarified the language of the pro- 
posed document-to reflect and clarify economic is- 
sues and terms. The latter was to be presented to 
the writing team for their consideration. 

10. Miscellaneous correspondence 
Board attention was presented. ; 

(a) The consensus was that the review process 
for material appearing in the Proceedings issue of 
the Journal need not be changed. 

(b) Long survey questionnaires were an appar- 
ent difficulty for some. It was agreed that the 
secretary-treasurer should exercise discretion in 
providing mailing labels including a review of the 
questionnaire which could go to the president if 
further consideration were necessary. 

11. Stanton reported for the Agricultural Eco- 
nomics Financial Resources Committee. Funding 
of agricultural economics research was thought to 
be one of the more serious matters. Uncertainty 
was expressed over ESS (ERS). Interference with 
the freedom of research was a concern. Some 
statistical series are being cut. It was agreed that 
this committee should continue and they should 
consider the possibilities for conducting a work- 
shop including ESS, industry and academia to con- 
sider this matter in detail. 

The CRIS system was discussed. It was felt that 
there were problems with the output not reflecting 
actually what was being done by economists. 

12. Ikerd reported for Extension Affairs Com- 
mittee. It was movec by Harl ‘‘that Affairs be re- 
moved from this title as well as for the Industry 
Affairs Committee." It was seconded and passed. 

Appreciation was expressed for the invited pa- 
pers session specifically to deal with extension de- 
livery systems. Disappointment was expressed that 
the Board had not dealt with his proposals made at 
the December meeting. 

Additional proposals dealt mainly with publica- 
tion outlets for extension economists 

(a) to change the editorial system of the Journal 
to include associate editors in research, extension, 
and teaching. 

(b) to give serious consideration to dividing the 
"Notes" section of the Journal into separate Ex- 
tension, Teaching, Research, and Industry parts. 

Ikerd did not recommend a popular version of the 
Journal for the fear of ranking. 

The Board deferred action on these and former 
proposals of this committee until more time could 
be devoted to their consideration. It was agreed 
that a new and separate committee should be ap- 
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pointed to study the publications ofthe Associaton 
as mentioned in item 8. 

13. The report of the Membership Committee 
was accepted with appreciation. It was noted by 
James that memberships for 1981 was now about 
200 above last December and should increase to 
about 300. Campus recruiters will be provided 
membership lists earlier in 1932 than in 1981. 

14. Cordes reported for the Professional Ac- 
tivities Committee (РАС). Recommendations gen- 
erated the following Board actions: 

(a) Moved by Harl to cosponsor a Farm Founda- 
tion conference titled '* Perspectives on Agricultural 
Food Policy Research." Seconded. Passed. 

(b) Moved by Hopkin to cosponsor a USDA 
conference titled ‘‘The Economics of Food and Ag- 
ricultural Trade," but not the publication of she 
proceedings in the Journal. Seconded. Passed. 

(c) Moved by Dennis to cosponsor two confer- 
ences proposed by the American Society of Ag- 
ricultural Engineers: ‘‘Second International Live- 
stock Environment Symposium" and ''Interaa- 
tional Conference on Plant and Vegetable Oils.” 
Seconded. Passed. 

(d) Moved by King not to give an award for 
“Excellence of Published Research in Economic 
Deveiopment.'' Seconded. Passed. 

In addition seven issues were placed before zhe 
Board. These issues and acticns follow: 

(a) That the Association develop a policy of 
conduct for its officers while holding office. King 
moved the adoption of PAC's statement as follows: 


“It is the personal obligation and responsibility cf 
individual board members, committee members, and 
Officers to (1) avoid the misuse of the Association for 
the personal gain of oneself or others or (2) avoid 
involvement in decision-making activities that repre- 
sen: a conflict of interest with regard to AAEA. In 
situations of doubt, the individual is to apprise the 
Bozrd of the situation, and ask for its counsei.’” 


Seconded. Passed. 

(b) That the Association look into additional 
services which could be provided its members. 
PAC was charged to retain this area of concern. 

Written job descriptions for standing committees 
will be referred to President-elect Schuh for han- 
dling as he sees fit. 

(c) Increasing the privileges associated with As- 
sociation membership was thought to belong to 
PAC. Acceptance of Issue 3 without action was 
moved by Hopkin. Seconded. Passed. 

(d) No official action was taken on Issue 4 ге:аї- 
ing to annual meeting content. In the December 
1980 Newsletter, President Tweeten spelled out ihe 
procedure now in tse for developing the program 
for annual meetings. 

(e) The role of the 1890 Institutions was deferred 
until the Committee on Blacks reported. 

(f) The policy analysis capabilities of the profes- 
sion ‘Issue 6) was deferred to Stanton's committee 
on current policy issues. 
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(g) The need for AAEA policy guidelines was 
expressed. This involves the missions of the vari- 
ous committees. No Board action was taken, but 
Tweeten expressed willingness to survey those 
committees he appointed as a beginning for such a 
compilation. 

15. Harris reported for the Resident Instruction 
Committee. The corrected Constitution for the 
SS-AAEA was distributed including Section XIII of 
the Bylaws. Harris presented a new career 
brochure end Harl moved its acceptance. King 
moved “that Agricultural Production, Marketing, 
Credit, Na:ural Resource and Rural Development 
be added under the main heading." Seconded. 
Passed. Wyckoff moved to add the word manage- 
ment. Seconded. Passed. Schuh moved ‘‘to include 
Policy." Seconded. Passed on a 4 to 3 vote. The 
original motion passed. The secretary-treasurer will 
advertise the new brochure and sell on a cost basis. 

The committee expressed appreciation for the 
symposium ‘‘Dimensions in Teaching Agribusiness 
Management, Farm Management, and Agricultural 
Policy.” Future plans call for a two- or three-day 
workshcp іп 19e3. 

16. The report of the Industry Affairs Committee 
was accepted wizh no Board action. A membership 
of 43 was noted The current method of invoicing 
was appreciated. They were pleased to have been 
given an opportunity to organize a symposium at 
the annual meeting entitled, ‘‘Embargoes Evalu- 
ated." 

17. Fienup reported for the International Com- 
mittee. It was noted that in separate action under 
the recemmendztion of Wyckoff, the Board had 
approved $7,500 in travel grants to the IAAE meet- 
ings in Indonesiz in 1982. Requirements for obtain- 
ing a grant are (a) member of AAEA, (b) U.S. 
citizen, (c) under 36 years old, and (d) have an 
international dimension in their work. 

The committee has used its time promoting semi- 
nars and workshops. The ADC/RTN workshop 
planned wes not held because of a lack of funding. 
However, the International Committee did jointly 
sponsor a RTN seminar on ‘‘Food System Organi- 
zation Froblems in Developing Countries." They 
were pleased to have a place in the annual meet- 
ings. Report accepted. 

18. The report of the Postwar Literature Review 
Committee was accepted. Babb noted that for vol- 
umes 1 апо 2, $7,741 of royalties has been paid for 
3,216 copies sold. To date, 319 copies of volume 3 
have been sold. 

19. The repor: of the Literature Retrieval Com- 
mittee was given by Badger. The Board was en- 
couraged to support the AAEDC at a level of 
$21,000 for next year (1 Oct. 1981 to 30 Sep. 1982). 
This support was moved by Schuh. Seconded. 
Passed. 

Mention was made that University of Missouri 
has a complete cross-referenced AJAE file. This file 
is available through the Department of Agricultural 
Economics. 
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This committee offers its services to area associa- 
tions and individual departments in conducting 
workshops demonstrating what is available and 
how to retrieve the information. Commercial ven- 
dors are willing participants of such workshops. 

Plans are to publish a quarterly newsletter high- 
lighting new agricultural economics and related 
files. 

20. James reported the current status of the next 
Handbook-Directory. Approximately 2,200 Em- 
ployment Registry forms have been returned, leav- 
ing a shortage of near 1,800 members. This informa- 
tion will be transferred by tape to Iowa State Uni- 
versity to be read into the new computer member- 
ship file. A second survey of the membership using 
a simplified form was authorized with a deadline of 
15 December for completion. The plan is for the 
biographical data collected to appear on the mem- 
bership dues invoice for correction and update. 
Нагі moved “‘that the letter “О” be used instead of 
“Чү”? for the telephone code.'" Seconded. Passed. 

Further, it was moved by Harl *'that the Execu- 
tive Board approve publication of a Handbook- 

. Directory to include the information contained in 
the sample sheet distributed to the Board for exam- 
ination and. reaction and that the Handbook- 
Directory Committee review the sections of infor- 
mation included in the Handbook-Directory with 
encouragement to eliminate (a) those sections con- 
taining information published elsewhere, (b) those 
sections with low rates of perceived usage, and (c) 
those sections the inclusion of which will result in 
undue delay of publication of the Handbook- 
Directory." Seconded. Passed. 

21. The report of Professional Registries and 
Employment Committee was received but no action 
was taken. Jobnson was pleased that there were 
about 1,645 agriculturzl economists listed in the 
Employment Registry who express interest in being 
considered for some type of employment. Illinois 
Job Service is satisfied with the performance and 
plans to continue the service. The committee will 
develop a new flyer explaining the services and 
purposes of the Professional Registry. 

22. Lundeen reviewed the results from the sur- 
vey conducted by the Status of Women Committee. 
Hopkin moved to recommend *''that the Committee 
become a special Committee.’’ Seconded. Passed. 

23. Evans reported for the Status of Blacks 
Committee. He reviewed a questionnaire they were 
planning to use to study blacks in the profession. 
The proposal is now ready for funding. Several 
sources were suggested. Tweeten asked that he 
keep in mind the 1890 institutions in his study. 

Harl moved ‘аі the Board endorse the study of 
black and nonblack agricultural economists.” Sec- 
onded. Passed. 

The secretary-treasurer is to cooperate in furnish- 
ing name lists. 

24. Lewis, acting head of the Department of 
Economics, Utah State University, reported plans 
for next year's meetings. This will be cosponsored 
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by the Western Association. Beattie, president, ex- 
pressed interest in jointly selecting the contributed 
papers and having a special session for the Western 
Association. They will publish their own proceed- 
ings. 

Facilities were reported to be adequate to house 
the 1982 meetings. i 

Bevins, president of the Northeastern Associa- 
tion, requested that the 1984 meetings be held 
jointly at Cornell University. It was so moved by 
Schuh. Seconded. Passed. 

25. Peck reported for the Awards Committee. 
This year’s winners were presented. She was 
thanked for the excellent work she had done. Be- 
cause of possible confusion over one person being 
selected to receive two similar awards, the follow- 
ing motion was moved by Harl, ''If an article is 
selected to receive both the Outstanding Journal 
Article Award and Quality of Research Discovery 
or Quality of Communication Awards, the matter 
shall be resolved by the chair of the Awards Com- 
mittee in consultation with the recipient or recip- . 
ients involved." Seconded. Passed. : 

26. Schuh moved the following nominating 
committee for 1982 elections: Kenneth C. Clayton, 
Gerald L. Cole, George Lee, Alfred L. Parks, 
Joseph C. Purcell, J. William Uhrig, and Russell 
Yeomans. Seconded. Passed. 

27. The next Board meeting was scheduled for 
20, 21 November in St. Louis. There will also be a 
meeting 28 December in connection with the ASSA 
meetings in Washington, D.C. 

28. In accordance with the Bylaws, the 
secretary-treasurer and editor were evaluated by 
the executive board with reappointment for next 
year. А 

29. Those board actions making changes in the 
Bylaws were reviewed by Harl with specific word- 
ing presented. These were moved, seconded, and 
passed. 


Respectfully submitted, 
Sydney C. James 
Secretary-Treasurer 


Minutes of the Annual Business Meeting, Clemson, 
South Carolina 


The 70th annual business meeting was called to 
order by President Luther Tweeten on 28 July 1981 
at 8:30 a.m. 

1. Tweeten presented for approval the minutes 
of the previous annual business meeting held at 
Urbana, Illinois, 29 July 1980, as published in the 
Proceedings issue, of the Journal, December 1980, 
p. 1146. Seconded. Passed. 

2. The results of the recent elections was an- 
nounced with Leo Polopolus, president-elect, J.B. 
Wyckoff and Joseph Havlicek, Jr., directors. Each 
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of the Board members was individually recognized. 
Retiring Board members were thanked for the ser- 
vice they had rendered. 

3. 'Tweeten reviewed items of interest and im- 
portarce to the general membership from the pest 
two meetings of the 3oard. The following items are 
detailed in the Board minutes: the need for eddi- 
tional biographical data to publish a good 
Handbook-Directory. family memberships, increas- 
ing the longevity of student memberships to five 
years, increased costs of postage and handling for 
foreiga memberships to $4, increased cost for cb- 
taining late membership back issues of the Journal 
to $2, selling of overinventoried issues of the Jour- 
nal at mailing costs, the increase in membership 
since last December, the creation of a new careers 
brochure, travel graat to the IAAE meetings, sup- 
port of AAEDC, and special thanks to all those who 
had worked so hard and willingly on committees 
and various assignments over the past year. 

4. James reviewed the status of the Association 
business office. Th2 move from Kentucky was 
made with full cooperation. The office is now 
operating smoothly with refiling nearly completed. 
Membership vouchers should go out on time this 

- year. Computerization of membership records and 
Handbook-Directory information was reviewed. 
The »usiness office is established to serve the 
membership. 

5. Redman presented the 1980 financial repcrt, 
which appears separately. He called attention to the 
fact that the operating statement was on a cash 
basis and year-end simmeries would be expected to 
show some variations. The transfer of offices cis- 
rupted some operations and resulted in some addi- 
tional expenses. 

6. Hopkin distributed and discussed the annual 
budgets. He reported that the Association v/as 
financially healthy. He called attention to increas- 
ing editorial costs aad to the transfer costs of both 
the secretary-treasurer's office and the editcr's 
office. The balance of the financial accounts will be 
transferred from Kentucky to Iowa shortly. Budget 
data appear separately. 

7. Tweeten read the auditor's report indicating 
that all financial accounts are in proper order. 

8. Houck reported the condition of the editcr’s 
office. He reviewec the review process and mag- 
nitude of the operation. 

9. Tweeten recommended the previous action 
of the Board to change the Extension Affairs Com- 
mittee, Industry Afairs Committee, International 
Committee, and Nominating Committee from spe- 
cial committees to standing committees and to drop 
the word '' Affairs" from the Extension and Indus- 
try Committees. I was moved, seconded, and 
passed. 

10. The resolution prepared by King in support 
of the establishmen: of a National Academy of Ag- 
ricultural Sciences was presented. It was moved, 
seconded, and passed. The text of this resolution 
appears separately. 


Amer. J. Agr. Econ. 


11. A resolution of appreciation to Clemson 
University “or hosting the 1981 annual meetings 
was ргеѕепіза by President-elect Polopolus. It was 
moved, seccnded. and passed. The text of the reso- 
ution appezrs separately. 

12. The schedtle of upcoming meetings was re- 
viewed: 

Annual summer meetings; 


1982 Utah State University, Logan, Utah _ 
1983 Purdue University, West Lafayette, Indiana 
1984 Cornell University, Ithaca, New York 


1985 Iowa State University, Ames, Iowa 

1986 Oren р 

Allied Social Science Association, all scheduled 
to be held 28-:0 December in their respective 
years: 

1981 

1982 

1983 


Washington, D.C. 
New Ycrk, New York 
Sana Francisco, California 

1984 Dellas, Texas 

1985 New Ycrk, New York 

13. The new nominating committee was pre- 
sented by mcom.ng President Schuh. (Names ap- 
pear in the minutes of the Board.) They were 
moved, seconded, and passed. . 

14. The presidency was conveyed from Tweeten 
to Schuh aad he adjourned the meeting. 


Respectfully submitted, 
Sydney C. James 
Secretary-Treasu-er 


Resolutions 


In support of the establishment of a National 
Academy cf Agricultural Sciences, 


Whereas the National Academy of Sciences is 
“dedicated to the furtherance of science and its use 
in the general welfare,” and 

Whereas agriculture, engineering, and medicine 
constitute -he three primary fields of applied sci- 
ence, ard 

Whereas a National Academy of Engineering and 
an Institute of Medicine are now established under 
the charter of the National Academy of Sciences, 
and 

Whereas there is need for a recognized multidis- 
ciplinary body cf competent and creditable scien- 
tists and scholars who may provide advice and 
counsel on natianal policies, issues, and programs 
to enhance the achievement of national and world 
agricultura. goals, 

Be it therefore resolved that The American Ag- 
ricultural Economics Association (AAEA) hereby 
recommends that the United States establish a Na- 
tional Academy of Agricultural Sciences under the 
charter of the National Academy of Sciences to 
complemeat and assist the National Academy of 
Sciences, the National Academy of Engineering, 
and the Institute of Medicine in furthering science 
and the general welfare, in serving as advisor to 
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federal government, and in guiding the National 
Research Council. More specifically, the National 
Academy of Agricultural Sciences shall have as its 
purposes: 

(a) to advise the federal government on agricul- 
tural production, distribution, and stewardship for 
future generations of the nation’s agricultural and 
natural resources; 

(b) to assess needs, identify priorities, and pro- 
ject goals for agricultural research and education; 

(c) to foster interdisciplinary study and coopera- 
tion within the science community on national and 
global agricultural issues; 

(d) to recognize scientists and scholars for out- 
standing contributions to the generation, integra- 
tion, and application of knowledge in agriculture. 

Further, that the Secretary of AAEA be directed 
to send copies of this resolution to the President of 
the National Academy of Sciences and the National 
Research Council and to representatives of organi- 
zations presently affiliated with the Federation of 
Scientific Agricultural Societies. 

Adopted by the AAEA Executive Board on (25 
. July 1981) and approved by the membership of 
AAEA at its annual business meeting at Clemson 
University this 28th day of July, 1981. 
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Resolution 


The officers, members, families, and guests of the 
American Agricultural Economics Association ac- 
knowledge the warm and cordial hospitality exhib- 
ited by the faculty and staff of Clemson University 
on the occasion of the annual meeting held on the 
Clemson University campus, 26-29 July 1981. 
Therefore, 

Be it resolved that the American Agricultural 
Economics Association express its sincere grati- 
tude to Dr. Bill Atchley, president of Clemson Uni- 
versity, Dr. Ed Faris, head of the Department of 
Agricultural Economics and Rural Sociology, and 
Dr. Bob Robinson, chairman of the Steering Com- 
mittee, Dr. Jerold Pittman, as well as the faculty, 
staff, students, and families of the Department of 
Agricultura] Economics and Rural Sociology of 
Clemson University. 

Be it further resolved that a copy of this Resolu- 
tion be sent to President Atchley, Dr. Ed Faris, and 
Dr. Bob Robinson, plus copies to each member of 
the Steering Committee and others at Clemson 
University as deemed appropriate. 
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